
Skeletal Age Determinations in Children of
European and African Descent: Applicability of

the Greulich and Pyle Standards
STEFANO MORA, M. INES BOECHAT, EWA PIETKA, H. K. HUANG, AND VICENTE GILSANZ

Department of Radiology, Childrens Hospital Los Angeles, University of Southern California, Keck’s
School of Medicine, Los Angeles, CA 90027, U.S.A. [S.M., V.G.]; University of California Los Angeles,

School of Medicine, Los Angeles, CA 90024, U.S.A. [M.I.B.]; and University of California San Francisco,
Department of Radiology, San Francisco, CA 94143, U.S.A. [E.P., H.K.H.]

This study assesses the value of the Greulich and Pyle method
in determining the skeletal ages of healthy American children of
European and African descent born after the year 1980. The hand
and wrist radiographs of 534 children (265 boys, 269 girls; 260
European-Americans [EA], 274 African-Americans [AA]), ages
0 to 19 y, were analyzed by two experienced pediatric radiolo-
gists blinded to the chronological age of the subjects. A differ-
ence score was calculated for each subject by subtracting chro-
nological age from the mean bone ages scores provided by the
two raters. One group t-tests were performed to verify the
hypothesis that the mean difference score was equal to zero.
Skeletal age determinations by the two radiologists showed a
high degree of agreement by intraclass correlation coefficient
(r � 0.994). The range of values for differences in skeletal and
chronological ages was very wide, indicating great individual
variability. Comparisons between skeletal and chronological age
only reached statistical significance in EA prepubertal girls,
whose skeletal ages were delayed, on average, by three months
(t � �2.9; p � 0.005). Mean difference between skeletal and
chronological age in prepubertal children of African descent was
0.09 � 0.66 y, while that in children of European descent was
�0.17 � 0.67 y; (t � 3.13; p � 0.0019). On average, the bone

ages of 10% of all prepubertal AA children were 2 SD above the
normative data in the Greulich and Pyle atlas, while the bone
ages of 8% of all prepubertal EA children were 2 SD below. In
contrast to the racial differences observed in prepubertal children,
EA postpubertal males had significantly greater values for bone
age than AA postpubertal males (t � 2.03; p � 0.05). In
conclusion, variations in skeletal maturation in prepubertal chil-
dren are greater than those reflected in the Greulich and Pyle
atlas; prepubertal American children of European descent have
significantly delayed skeletal maturation when compared with
those of African descent; and, postpubertal EA males have
significantly advanced skeletal maturation when compared with
postpubertal AA males. New standards are needed to make
clinical decisions that require reliable bone ages and to accu-
rately represent a multiethnic pediatric population. (Pediatr Res
50: 624–628, 2001)

Abbreviations
AA, African-Americans
EA, European-Americans
ICC, intraclass correlation coefficient
SD, standard deviation

Skeletal age is a frequently used diagnostic tool for the
evaluation of endocrine, orthopedic, genetic, and renal disor-
ders, to monitor response to medical therapy and to determine
the growth potential of children (1). The method most widely
used for bone age determination is the reference atlas of
Greulich and Pyle, consisting of radiologic examinations of the
left hand and wrist from subjects at different stages of skeletal
maturation (2). While this method has the advantages of sim-

plicity and availability of multiple ossification centers for the
evaluation of maturity, it is, however, qualitative and was
compiled solely from Caucasian children who lived in the
1930s. Nevertheless, the Greulich and Pyle standards are, at
present, the most commonly used method for skeletal age
assessments throughout the world, regardless of ethnic back-
ground (3, 4).

In an attempt to overcome ethnic and racial differences in
skeletal maturation, standards have been developed for the
German, Scandinavian and Japanese populations (5–9). How-
ever, there are still many questions regarding the applicability
of the Greulich and Pyle standards to today’s American chil-
dren of different ethnic backgrounds. Children of the 1980s
physically matured at a younger age than did those of several
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decades ago (1, 10, 11). Moreover, African-American children
have been found to mature more quickly relative to Greulich
and Pyle standards for Caucasian children, especially in the
first few years of development (5–9). The present investigation
determines whether the standards of the Greulich and Pyle atlas
are adequate for African- and European-American children
born after 1980.

SUBJECTS AND METHODS

Study subjects. The study subjects were healthy African-
American (AA) and European-American (EA) children and
adolescents who were recruited from schools in Los Angeles
County. The investigational protocol was approved by the
institutional review board for clinical investigations at Child-
rens Hospital of Los Angeles, and informed consent was
obtained from all subjects and/or their parents. The subjects
ranged in age from 0 to 19 y.

The children and/or their parents were asked about their
racial backgrounds. Candidates were excluded if either parent
or each set of grandparents were not of the same race. Candi-
dates for this study were also excluded if they had been given
a diagnosis of any chronic illness, if they had been ill for longer
than two weeks during the previous six months, if they had
taken any medications, vitamin preparations, or calcium sup-
plements within the previous six months, or if they had been
hospitalized at any time since birth. All subjects were appro-
priately physically active for their age.

Candidates for this study underwent a physical examination
by a pediatric endocrinologist to determine their general health
and their Tanner stage of sexual development. The grading
system of Tanner utilizes assessments of the pattern of devel-
opment of pubic hair in all children, of breast development in
girls, and penile and testicular size in boys (12). If discrepan-
cies existed among criteria, greater emphasis was placed on the
degree of breast development, or testicular and penile size for
designation of Tanner stage. Measurements of height and
weight were obtained, and children in whom either height or
weight were not within the 5th and 95th percentiles for the
mean age-adjusted normal values were excluded from further
evaluation (13). Body-surface area (SA) and body-mass index
(BMI) were calculated as previously described (14).

Skeletal maturation was assessed on the basis of roentgen-
ograms of the left hand and wrist. The radiographs were
evaluated according to the method of Greulich and Pyle, and
bone age was determined (2). Skeletal maturation assessments
were performed independently by two senior pediatric radiol-
ogists blinded with reference to the chronological age of the

subjects. Radiographs from a total of 534 children (130 EA
girls, 130 EA boys, 139 AA girls, and 135 AA boys) were
analyzed.

Data analysis. The concordance between the readings of the
two pediatric radiologists was evaluated by computing the
intraclass correlation coefficient (ICC) (15). A difference score
was calculated for each radiograph by subtracting the chrono-
logical age from the mean bone age scores provided by the two
raters. The difference scores were analyzed according to race
and gender. Moreover, they were stratified according to the
degree of sexual maturation as prepubertal (Tanner I), pubertal
(Tanner II, III, IV), and postpubertal (Tanner V). In each
subgroup, a one-group t test was used to verify the null
hypothesis that the mean difference score was equal to zero.
Data are expressed as mean � SD, unless otherwise stated. All

Figure 1. Number and age distribution of radiographs obtained from 534
healthy children. (A) shows EA subjects; (B) shows AA subjects.

Table 1. Age and anthropometric characteristics of 534 healthy children

European American African American

Girls Boys Girls Boys

n 130 130 139 135
Age (y) 10.7 � 4.9 11.0 � 4.9 11.2 � 5.1 11.1 � 4.9
Weight (kg) 39.1 � 18.0 43.3 � 21.5 41.4 � 19.5 42.8 � 20.2
Height (cm) 139.4 � 27.3 144.1 � 30.1 140.9 � 28.4 145.0 � 30.0
Surface Area (m2) 1.2 � 0.4 1.3 � 0.4 1.2 � 0.4 1.3 � 0.4
BMI (kg/m2) 18.6 � 3.4 19.1 � 3.2 19.1 � 3.9 18.9 � 3.1
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significance tests were conducted at the � � 0.05 level and
were two-tailed. The computer software program JMP IN®

(SAS Institute, Inc., Cary, NC) was used for the analyses.

RESULTS

The ages and anthropometric characteristics of the study
group are summarized in Table 1. Mean values for bone age
were similar to those for chronological age. By design, the
average values for height and weight were between the 5th and
95th percentiles for age; mean heights were at or about the 25th
and 50th percentiles, and mean weights were at or about the
50th and 75th percentiles, for girls and boys, respectively.
Distribution of the radiographs obtained from healthy children

and grouped according to gender, race, and chronological age
is shown in Figs. 1A and 1B.

Analyses of bone ages by the two pediatric radiologists
showed a high degree of agreement. The ICC computed sep-
arately for boys and girls were r � 0.993 and r � 0.995,
respectively. Readings were also highly concordant when EA
(r � 0.994) and AA subjects (r � 0.993) were analyzed.
Because of the high level of agreement between the two
radiologists, the mean between the two readings was used for
further analyses.

Table 2 shows mean values for skeletal and chronological
ages, height and weight, for girls of both racial groups at all
Tanner stages of sexual development; Table 3 shows similar

Table 2. Chronological age, bone age, weight, and height in healthy American girls of African and European descent grouped by Tanner
stage of sexual development

Tanner

African-American Girls European-American Girls

n Chron. age (y) Bone age (y) Weight (kg) Height (cm) n Chron. age (y) Bone age (y) Weight (kg) Height (cm)

I 56 5.6 � 3.2 6.0 � 3.1 22.0 � 10.5 112.9 � 24.7 62 6.6 � 3.3 6.3 � 3.2 23.5 � 9.9 117.4 � 23.5
0–4 18 2.2 � 1.2 2.4 � 1.0 11.0 � 3.2 83.6 � 13.3 17 2.3 � 1.3 2.2 � 1.1 12.3 � 2.9 86.9 � 13.4
4–8 20 6.1 � 1.2 6.0 � 1.2 21.6 � 4.9 115.9 � 8.8 22 6.2 � 1.2 6.0 � 1.2 21.0 � 3.1 116.7 � 7.8
8–12 18 9.6 � 0.9 9.6 � 1.1 33.6 � 6.8 139.0 � 8.1 23 10.1 � 1.1 9.6 � 1.4 34.1 � 5.9 140.6 � 7.9
II 4 11.8 � 1.6 11.8 � 1.4 42.3 � 0.8 151.9 � 7.8 14 11.5 � 1.2 11.3 � 1.4 43.3 � 5.9 149.8 � 8.8
III 16 12.2 � 1.2 12.2 � 1.3 44.1 � 8.0 154.6 � 6.9 10 12.9 � 0.8 13.1 � 1.1 44.3 � 5.6 155.8 � 5.9
IV 19 13.8 � 1.5 14.3 � 1.6 48.9 � 5.6 158.4 � 5.6 5 13.3 � 1.1 14.0 � 1.1 49.7 � 8.7 157.9 � 4.7
V 44 16.5 � 1.6 16.6 � 1.2 61.5 � 10.6 163.2 � 5.3 39 16.1 � 1.6 16.0 � 1.1 59.6 � 7.8 164.1 � 5.4

Table 3. Chronological age, bone age, weight, and height in healthy American boys of African and European descent grouped by Tanner
stage of sexual development

Tanner

African-American Boys European-American Boys

n Chron. age (y) Bone age (y) Weight (kg) Height (cm) n Chron. age (y) Bone age (y) Weight (kg) Height (cm)

I 65 6.9 � 3.5 7.0 � 3.5 26.4 � 11.1 120.6 � 24.0 69 7.2 � 3.5 7.1 � 3.6 26.6 � 10.9 121.2 � 22.5
0–4 17 2.2 � 1.1 2.4 � 1.1 12.8 � 3.0 86.1 � 11.6 17 2.4 � 1.0 2.4 � 1.1 13.7 � 2.5 89.4 � 10.7
4–8 20 6.2 � 0.9 6.2 � 1.1 23.5 � 3.5 120.4 � 7.9 19 6.2 � 1.1 5.9 � 1.1 22.5 � 3.6 117.4 � 6.1
8–12 24 10.0 � 1.0 10.4 � 1.3 36.4 � 6.6 140.9 � 6.3 30 10.1 � 1.1 10.0 � 1.7 34.9 � 7.2 138.7 � 9.2
�12 4 12.3 � 0.1 11.2 � 0.3 38.8 � 8.8 146.4 � 5.4 3 12.5 � 0.5 12.3 � 0.5 43.1 � 9.7 151.8 � 1.9
II 9 12.3 � 1.6 11.8 � 1.5 39.9 � 6.1 151.2 � 8.6 5 12.1 � 1.6 12.0 � 0.8 42.5 � 7.8 151.5 � 10.0
III 18 13.4 � 1.4 13.1 � 0.7 49.2 � 7.2 160.6 � 8.6 9 13.4 � 1.1 13.4 � 0.5 53.6 � 8.2 163.6 � 6.7
IV 12 14.7 � 0.9 14.5 � 1.3 56.2 � 7.4 167.2 � 6.5 15 14.4 � 1.1 14.8 � 1.2 56.0 � 7.6 166.7 � 6.1
V 31 16.7 � 1.3 16.8 � 1.5 69.5 � 9.3 176.8 � 5.9 32 16.8 � 1.2 17.3 � 1.1 70.5 � 10.8 176.2 � 5.9

Table 4. Differences between bone age and chronological age in healthy American children of African and European descent, grouped by
stage of sexual development*

Race and gender
Stage of sexual

development n
Mean � SD
difference (y) Range (y)

European-American girls Prepubertal 62 �0.24 � 0.66 �2.33 to 1.35
Pubertal 29 �0.10 � 1.09 �2.24 to 1.96
Postpubertal 39 0.09 � 0.98 �2.00 to 2.35

European-American boys Prepubertal 69 �0.11 � 0.67 �2.43 to 1.53
Pubertal 27 0.27 � 0.79 �1.62 to 2.43
Postpubertal 34 0.36 � 1.04 �1.88 to 2.62

African-American girls Prepubertal 56 0.05 � 0.64 �1.28 to 1.25
Pubertal 39 0.23 � 0.88 �1.69 to 2.27
Postpubertal 44 0.08 � 1.01 �3.05 to 3.02

African-American boys Prepubertal 65 0.12 � 0.68 �1.66 to 2.31
Pubertal 39 �0.32 � 1.14 �2.70 to 2.58
Postpubertal 31 0.12 � 0.72 �1.28 to 1.78

* Positive values indicate that skeletal age is advanced compared to chronological age, and negative values indicate a delayed skeletal age compared to
chronological age.
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data for boys. Regardless of gender, no significant differences
were observed between the chronological ages and the anthro-
pometric measurements of AA and EA children at any stage of
sexual development (all p’s � 0.05).

Table 4 indicates mean differences between skeletal and
chronological ages for EA and AA children stratified according
to degree of sexual development. In all subgroups, the range of
values was very wide, indicating great individual variability.
Comparisons between skeletal and chronological age only
reached statistical significance in EA prepubertal girls. The
average skeletal age in this subgroup was delayed by three
months (t � �2.9; p � 0.005). Differences between skeletal
and chronological age were not significant in any other sub-
group, regardless of gender, race, or pubertal status.

There were significant differences in skeletal maturation
between AA and EA children. Compared with AA prepubertal
children, EA subjects had delayed bone age; mean difference
between skeletal and chronological age in prepubertal children
of African descent was 0.09 � 0.66 y, while that in children of
European descent was �0.17 � 0.67 y; (t � 3.13; p � 0.0019).
On average, the bone ages of 10% of all prepubertal AA
children were two standard deviations above the normative
data in the Greulich and Pyle atlas, while the bone ages of 8%
of all prepubertal EA children were two standard deviations
below. In contrast to the racial differences observed in prepu-
bertal children, EA postpubertal males had significantly greater
values for bone age than AA postpubertal males (t � 2.03; p �
0.05). The average skeletal age for EA postpubertal males was
greater than the chronological age by four months.

DISCUSSION

Determining skeletal or bone age, as opposed to chronolog-
ical age, in children is important to learn whether they are
growing properly and is especially useful in pediatric endocri-
nology, orthopedics, forensics, and anthropology (16). The
present study was done to determine whether the standards of
the Greulich and Pyle atlas are adequate for AA and EA
children born after 1980. Our results indicate that variations in
skeletal maturation in prepubertal children are greater than
those reflected in the Greulich and Pyle atlas, and that there are
significant differences in skeletal maturation between Ameri-
can children of European and African descent. Overall, the
bone ages of 10% of the prepubertal AA children are 2 SD
above the normative data in the Greulich and Pyle atlas, while
around 8% of the bone ages of prepubertal EA children are 2
SD below these norms. There were also significant differences
in skeletal maturation after sexual maturity, and, on average,
the bone ages of postpubertal EA males were advanced by
three months over those of AA males.

Several methodological issues deserve attention when inter-
preting our results. Previous studies comparing skeletal and
chronological ages in healthy children were limited by the lack
of using age-adjusted normal standards for height and weight
to verify normal growth in the subjects (8, 9). Normality of the
study populations was mainly verified by a lack of clinical
suspicion of growth abnormalities. The current study was
designed to avoid the influence of growth retardation and

obesity on skeletal maturation by including only those children
with known values of height and weight between the 5th and
95th percentiles for the age-related population. In addition, we
determined the degree of sexual maturation of all candidates to
account for the confounding effects of puberty on skeletal
maturation. Lastly, bone determinations in this study were
analyzed by two senior pediatric radiologists to minimize to
some extent the subjectivity and intraobserver variability. The
strong concordance in readings is a reflection of proficiency
and confirms previous studies indicating that bone age estima-
tions improve with clinical experience (17–20).

The present study has two limitations. First, the children
enrolled in this study were all from the Los Angeles area, and
thus, theoretically, differences between our results and the
standards of Greulich and Pyle could in part be due to the
effects of geographic location or climatic differences. Second,
socioeconomic status was not controlled in this study. How-
ever, although extreme situations of poverty and malnourish-
ment are known to lead to pronounced delays in skeletal
maturation, the subjects in this study were within the normal
percentiles for age-adjusted height and weight (21). Thus, this
factor likely had little influence on our results.

This study finds the Greulich and Pyle standards imprecise
for American children of European and African descent born
after 1980. The U.S.A. is represented by children of all races
and accurate methods for bone age determinations are needed
for today’s children of Hispanic, Asian, and other ethnic
backgrounds. To this effect, the development of a hand atlas
addressing a diversity of ethnic groups would enhance our
ability to determine skeletal maturation with accuracy, reliabil-
ity, and consistency.
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