
Introduction
Skeletal maturity is the only developmental indicator that

remains at hand from birth to adulthood.1 Skeletal Age (SA)
affords an excellent estimate of the growth, development, health
and nutrition of a child. This makes accurate SA assessment
invaluable for diagnostic and therapeutic decisions in
paediatrics, endocrinology, orthopaedics and orthodontics.1-6 In
medico-legal cases, SA is regarded the most convincing estimate
of age; its estimation assumes critical bearing for ascertaining
criminal liability, especially in developing countries where
properly maintained birth records are often lacking.3,7,8

SA is typically estimated by comparing a single Hand-
Wrist radiograph (left by convention) with a standard reference.
Most frequently, Greulich and Pyle (GP) atlas9 serves this
purpose owing to the convenience, ease and time-effectiveness
(1-2 minutes) of this method.1-4,7,10-13This atlas9was developed
during the middle of 20th century from data of North American
children belonging to affluent families of European descent. 

Time and again, applicability of GP atlas across varying
genetic profiles, socio-economic statuses (SES), environmental
milieus and disease patterns has been questioned based on
possible influence of these factors on skeletal maturity.2,3,12-19A
few studies have concluded that the GP atlas remains applicable
to the studied populations.13,16-18,20 However, the majority has
adjudged it inadequate for populations diverse from the original
one, with the consequent recommendations for developing local
standards and/or population-specific adaptations of the GP
atlas.1-3,5-8,12,14-16,19,21 In view of the resources required for

developing population references and the obligation to ensure
appropriate clinical and medico-legal decisions, it is essential to
evaluate the applicability of any exogenously developed
standard, especially in populations with restricted resources.

There is a remarkable dearth of literature on this topic
from South Asia, a region that houses about a fifth of the global
population.22 A MEDLINE search reveals only two appraisals
of the GP method.7,21 Both studies share a common location,
similar time periods and an ethnically restricted target
population. The current investigation is an effort to assess the
applicability of GP atlas in a conceivably diverse sample of
present day Pakistani children.

Materials and Methods
A comparative cross-sectional study was conducted at a

tertiary care hospital in Karachi, the largest metropolitan of
Pakistan. Karachi comprises of an ethnically diverse population
that amounts to about 10% of the country populace.23The study
period extended from January 2005 to March 2008. Ethical
review was waived by the institution's ethical review committee
for retrospective study omitting individual identifying
information. The study was conducted following the
Declaration of Helsinki principles.

The Radiology Information System was used to retrieve
all Hand-Wrist radiographs obtained for an indication of trauma
in patients with chronological age (CA) less than or equal to 216
months at the time of exposure. CA was determined from
hospital records to the nearest month. A total of 1532 scans were
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thus selected. The flow-chart for sample selection is given in
Figure-1. 

On the basis of patient identity, 268 radiographs were
ascertained duplicate and were excluded. Next, the patient
charts were reviewed to exclude patients who fulfilled any of
the following criteria: a) Previous workup for suspected
metabolic, nutritional or growth disorders b) Previous SA
assessment c) Below 5th or beyond 95th centile on National
Center for Health Statistics reference charts for either height or
weight.24At this stage 334 scans were excluded.

Two paediatric radiologists, each with more than ten
years of experience, independently reviewed a total of 930 scans.
The observers were blinded to the CA of the subjects. SA was
assessed according to the Greulich-Pyle atlas.9 Right hand
radiographs were used in case of non-availability of left hand
radiographs.3 During review, 17 scans were judged to be of sub-
optimal quality whereas radiographic evidence of skeletal system
pathology unrelated to trauma was found in 24 scans. These scans
were also excluded resulting in a final sample of 889 scans. 

Children of each gender were further divided into four

groups.2,3 For males, Early Childhood 0-45 months; Middle
Childhood 46-90 months; Late Childhood 91-159 months;
Adolescence 160-216 months. For females, Early Childhood 0-
46 months; Middle Childhood 47-100 months; Late Childhood
101-159 months; Adolescence 160-216 months. Mean CA and
SA were calculated for each group and any significant
differences between the two were established through two-
tailed, paired t-test at a level of significance α < 0.05. 

After an interval of four weeks, one hundred randomly
selected radiographs were reviewed independently by both
reviewers, blinded to the CA at this point too. Pearson's
Correlation coefficient (r) was calculated to assess inter-
observer reliability and paired t-test was used to identify any
significant difference between SA estimations by the two
observers. SPSS version 16 was used for all statistical analyses.

Results
A total of 889 Hand-Wrist radiographs were included in
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Figure-1: Flow chart depicting selection of the study sample.

Table-1: Comparison between skeletal age (SA) and chronological age (CA) of the study sample.

Skeletal Age (SA) Chronological Age (CA) Difference†
n Mean (SD) Mean (SD) r* p* Mean (95% CI) p†

Males (n=535)
Early Childhood 252 20.0 (13.1) 17.6 (10.4) 0.5 0.000 2.4 (0.9 to 3.8) 0.001
Middle Childhood 73 53.0 (22.3) 66.7 (13.9) 0.6 0.000 -13.8 (-18.0 to -9.6) 0.000
Late Childhood 106 120.3 (36.8) 126.9 (21.2) 0.8 0.000 -6.6 (-11.2 to -2.0) 0.006
Adolescence 104 193.3 (21.8) 189.8 (17.2) 0.5 0.000 3.4 (-0.6 to 7.5) 0.096
Females (n=354)
Early Childhood 207 20.5 (10.5) 18.0 (9.2) 0.6 0.000 2.5 (1.3 to 3.7) 0.000
Middle Childhood 67 64.9 (27.8) 71.1 (17.4) 0.8 0.000 -6.1 (-10.5 to -1.8) 0.007
Late Childhood 49 136.6 (33.7) 128.6 (16.6) 0.7 0.000 8.0 (0.6 to 15.4) 0.035
Adolescence 31 199.4 (19.3) 189.3 (16.7) 0.5 0.009 10.0 (3.2 to 16.9) 0.006

* Pearson's correlation coefficient for correlation between SA and CA.
† Positive values denote an advanced SA in comparison to CA; Negative values denote a delayed SA in comparison to CA; Paired t-test, two-tailed, ? < 0.05.

All values have been rounded off to a single decimal point.

Figure-2: Scatterplot of SA measurements for one hundred dually evaluated
radiographs. (Axes depict skeletal age in months).



the final analysis. No significant difference was found between
skeletal age assessments by the two observers (Mean difference
= 0.4 months, p=0.584). The Pearson's correlation coefficient
was computed to be 0.992 (p<0.001). The scatterplot is
illustrated in Figure-2.

Mean differences of up to 13 months were observed
between SA and CA. The differences were statistically
significant in all groups except adolescent males. (p<0.05)
These findings are elaborated in Table-1.

Discussion
We found significant differences between SA assessed

by GP atlas and CA in a subset of Pakistani children. In males,
SA was advanced during early childhood, delayed during
middle and late childhood and, again, advanced during
adolescence. In females, the trend was similar except for
advanced SA in late childhood. The confidence intervals for the
mean difference were wider in the older age groups. This may
be a reflection of the individual variability since the inter-
observer agreement was excellent in the current study and the
same may be presumed about intra-observer reliability in view
of the observers' experience.10,12,13,18

Previous explorations in Larkano, Pakistan also
indicated that skeletal maturation of Pakistani children does not
conform to the standards of Greulich and Pyle.7,21 In children of
Larkano, SA matched CA during initial years of life. This was
followed by a delay till CA of 15 years in boys and 13 years in
girls, the approximate age of puberty for the respective sex.
Subsequently, SA was advanced, with complete maturity being
attained at 16 years in females and 18 years in males.7,21 The
trends in Larkano and Karachi are almost similar, except for an
earlier changeover in females in the present study. This
discordance could be attributable to dissimilar categorization of
study samples or to genuine variations of skeletal development
between the two study populations but calls for further research
to elucidate this point. 

Conceivably, both 'nature' and 'nurture' may play a role in
the variation of skeletal maturity across diverse populations.
Genetic profile, SES, nutrition and long term well being are some
of the factors that have been pointed to in this regard.7,21 Previous
explorations suggest that the trends of skeletal maturity may vary
across ethnicity within same locale,2,3,12 across geographical
regions within genetically akin populations,25 and even across
time within the same population in the same country.5,20

Investigations in Turkey documented trends similar to
our population, with delayed SA before and advanced SA after
puberty, and adjudged GP inapplicable to Turkish children.8,15
In Spanish children, aged 0-14 years, a delay of about three
months was observed in males but a good fit to the GP atlas was
reported in case of females.16 On the other hand, GP atlas still
remains applicable to North European,13 Central European,18

and South Australian children.20 The socio-economic variables
differ little within these nations. However, on the genetic
spectrum, Turkey is comparatively close to South Asia whereas
Spain is the distant cousin in the European lineage.26At the risk
of over-simplification, a parallel may be drawn between the
genetic distance and the SA variations, suggesting that 'nature'
may have a large hand in shaping skeletal maturity. 

Studies from the other side of the Atlantic, reporting SA
variations across diverse ethnicities within the same locale, also
point in the same direction.2,3,12 However, quite remarkably,
these studies discovered digression from GP atlas even in
European-American children.3,12 Likewise, secular increases in
skeletal maturation have been identified in Australian males.5,20
On the other hand, GP atlas was found befitting for 12-28 month
old, affluent Malay children17 whose genetic make up, social
practices and nutrition are distinctly diverse from the GP
population. In the same vein, other studies including the present
one, have documented the difference between SA and CA to be
the least during the initial years of life.2,3,7,12,21 These pieces do
not fit perfectly; but they do allude to a place for 'nurture' in the
big picture. Nevertheless, few studies that have actually probed
theoretically plausible connection have failed to demonstrate
any direct link.14,19 It may be speculated that skeletal maturity is
a dynamic parameter influenced by the genetic make up of a
population, its SES, environmental milieu and location on the
epidemiological curve at a given point in time. Further
prospective explorations taking these aspects into account
should make the picture more vivid.

There are some limitations of this study that should be
considered before drawing any implications from its findings.
Firstly, though we made the best of our efforts to select healthy
children, variables such as SES and anthropometrical
measurements were not controlled in this retrospective
comparison. Secondly, established information regarding puberty
of Pakistani children is lacking. In addition, there is no study in
South Asia that could be used as a precedent. Hence, the grouping
of study sample followed the methods of foreign investigators.

Conclusions 
The findings of this study suggest against the applicability

of GP atlas to Pakistani children. We propose a cautious approach
while employing GP atlas in this population in order to ensure
appropriate clinical and medico-legal decisions.
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