
INTRODUCTION
Skeletal maturity is one of the many objective methods
of determination of age used worldwide. Radiographic
investigations are the cornerstone to many such
methods of age determination.1 Accurate estimation of
Skeletal Age (SA) is indispensable for social, legal and
medicolegal purposes.2 Furthermore, accurate SA
estimation is also important in the realm of sports.3 In the
domain of diagnostic and therapeutic medicine, age
determination has found uses in such fields as
endocrinology, paediatrics and orthodontics.4-6

Many radiographic methods of SA determination have
been described in the literature.7 Greulich-Pyle (GP)
method is one of the most popular radiologic methods
used worldwide for the estimation of SA.8 This method
requires the comparison of radiographs of the hand and
wrist of subjects against standardized images, published
in the form of an atlas.9 Another method frequently

utilized in Pakistan is the Girdany and Golden (GG)
method.10 In this method, a plain radiograph of various
large joints of the body is obtained and the SA is
estimated based upon the appearance of ossification
centres around those joints.

Although GP method alone is widely used for estimation
of SA throughout the world, but in Pakistan, both
methods are simultaneously being employed for the
estimation of SA. This increases both the radiation
exposure and financial burden on the patients. No study
to-date has compared the two methods head-to-head
and utility of using both methods simultaneously.

Therefore, in this study, the aim was to assess the
efficiency of these two methods for estimation of bone
age, to determine whether use of a single method could
replace the simultaneous use of both.

METHODOLOGY
A cross-sectional study was carried out by reviewing
plain X-ray films of wrist and elbow for the evaluation of
trauma. This study was approved by the Ethical Review
Committee of our institution and requirement of informed
consent was waived. (2414-Rad-ERC-12) Data was
retrieved using Radiology Information System for all
children (upto 18 years of age) who underwent X-ray for
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the evaluation of trauma from July 2010 to June 2012.
All children whose X-ray showed fracture, focal bone
pathology or soft tissue abnormality were excluded from
this analysis. Bone age was estimated for each
individual using both GP and GG methods.9,10 All X-rays
were acquired using either Q-RAD (Shimadzu Medical
Systems, Japan) or OTC 12S (DEL Medical Systems,
USA).

Each radiograph was evaluated by two independent
paediatric radiologists having at least 10 years of
experience in reporting paediatric radiographs.
Radiologists first estimated SA using GP method and
data were recorded on a structured proforma. One week
later, the same radiologist employed GG method for
estimation of bone age. Both reviewers were blinded to
the actual Chronologic Age (CA) of patients and to
findings reported by each other.

Sample size for this study was estimated using
OpenEpi® software available from the Centers for
Disease Control and Prevention (CDC). The mean
difference calculation method was used to detect a
difference of at least 3 months between the two methods
of bone age estimation at a confidence interval of 95%,
power of 80% and standard deviation of 6 months (as
reported by Zafar et al.11 This gave a minimum sample
size of 126 for this study (63 in each group).

Statistical Package for Social Sciences (SPSS) version
20 (IBM, Chicago, Illinois) was used for the purpose of
data entry and analysis. Quantitative variables like age
were expressed as mean ± standard deviation. Children
of either gender were divided on the basis of CA into four
groups based on previously established criteria by
Lodler et al.12 For males, these included early childhood
(0-45 months), middle childhood (46 - 90 months), late
childhood (91-159 months) and adolescence (160 - 216
months). For females, the age groups were early
childhood (0 - 46 months), middle childhood (47 - 100
months), late childhood (101 - 159 months) and
adolescence (160 - 216 months). For each age group,
mean CA among either gender was compared using
Student's t-test. Paired samples t-test was utilized to
determine if there was a significant difference between
CA and mean SA estimated by the two methods.
Pearson product-moment correlation co-efficient was
calculated to assess the strength of correlation between
SA estimated by each method and actual CA. Level of
agreement between the two methods was also
determined using Bland-Altman analysis. Finally, inter-
observer agreement for both methods was assessed
using Intra-class Correlation Coefficient (ICC). A p-value
of less than 0.05 was considered statistically significant.

RESULTS
A total of 283 children of either sex upto the age of 18
years were included in this study. Among these children,

136 (48.1%) and 147 (51.9%) were males and females
respectively. Mean CA of this study subjects was 102.73
± 57.82 months and 121.95 ± 63.47 months for boys and
girls respectively. Moreover, using student's t-test, no
statistically significant difference was noted between
mean CA of boys and girls amongst the four age groups
(p=0.775, p=0.598, p=0.315 and p=0.488 respectively).

Mean SA for boys and girls as estimated by GP method
was 87.14 ± 62.39 months and 122.71 ± 70.14 months
respectively. Using paired samples t-test, no statistically
significant difference was noted in mean CA and mean
SA estimated by GP method for girls (p=0.695).
However, for boys, a significant difference existed
between mean CA and mean SA estimated by GP
method (p  < 0.001). Paired samples t-test also revealed
that mean SA estimated by GP method was not
significantly different from mean CA for girls in all four
age groups. However, for boys in their middle and late
childhood, there was a statistically significant difference
between mean CA and mean SA estimated by GP
method. No statistically significant difference existed
between mean CA and mean SA for boys in their early
childhood or adolescence.

Mean SA estimated by GG method was 80.6 ± 71.1
months for boys and 130.2 ± 85.7 months for girls. In
contrast with GP method, mean SA estimated by GG
method was significantly different from mean CA for both
boys (p < 0.001) and girls (p=0.011). Using paired
samples t-test, a statistically significant difference
existed between SA estimated by GG method and CA
for girls in their adolescent age group only. In contrast, a
statistically significant difference existed between mean
CA and mean SA estimated by GG method for boys in
their early, middle and late childhood groups.

There was a statistically significant difference between
SA estimated by both methods for girls in middle
childhood and adolescent groups. For boys in early
childhood group, a statistically significant difference
existed between mean SA estimated by the two
methods. Overall for girls and boys, there existed a
significant difference between the two methods for SA
estimation. Overall comparison of CA and SA estimated
by GP and GG methods for children of all age groups
and both genders are depicted in Table I.

The correlation between mean CA and mean SA for both
methods in either gender is shown in Figure 1. A
stronger correlation was found between mean CA and
mean SA determined by GP method as compared to GG
method for both male and female children. In girls,
Pearson's moment product correlation coefficient was
0.943 (p < 0.001) for GP method and 0.909 (p < 0.001)
for GG method. Pearson's moment product correlation
coefficients in boys for GP and GG methods were 0.915
(p < 0.001) and 0.865 (p < 0.001) respectively.

Bland-Altman plot was utilized to assess the agreement
between the two methods as shown in Figure 2. The
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analysis illustrate that within 95% confidence limits, the
agreement between GP and GG methods fell between
-57.8 to +44.7 months for boys and -46.5 to +61.5
months for girls. This implies that a clinically significant
discrepancy existed up to 58 months for boys and 62
months for girls in determining SA between these two
methods.

Overall, there was an excellent agreement between the
two radiologists in estimating SA using both methods.

However, it was better for GP (ICC = .998) as compared
to GG method (ICC = .974), which suggests lesser
variation for GP method among different readers.

DISCUSSION
Bone age determination is of considerable interest for
various medical, medico-legal as well as non-medical
fields. Consequently, extensive research has been done
to develop accurate and reliable tools for the estimation
of SA. GP and GG methods are two notable examples of
such methods of bone age estimation. Given the fact
that both these instruments were developed in the
Western world, their applicability to children of South-
Asian descent remains undetermined.

The present study was done with the aim of sub-
stantiating or refuting the applicability of the two
methods to the population of Pakistan. Moreover, as
both GP and GG methods are being used simul-
taneously in many institutions in Pakistan, an attempt
was made to determine the added benefit (if any) of
using both these methods together. This study
participants were young children of up to 18 years of
age, who were referred to a prominent tertiary care
centre located in Karachi. Being the world's sixth largest
urban conglomeration and housing more than twenty
million people of various ethnicities, Karachi provides a
mixed representative sample of the whole country of
Pakistan.

Gender disparity in studies conducted in developing
countries, especially those in male-dominated societies,
is a well-recognized phenomenon. Moreover, given the
physiological differences in male and female skeletal
maturation,12 a sample consisting of equitable number of
male and female study subjects is highly desirable and
essential for making valid conclusions. This was
adequately covered with the present sample size.

GP method is a popular method of bone age deter-
mination used in many parts of the world for this
purpose. Albeit the original atlas was based on a sample
of children of North American descent,9 it has been
extensively studied in children of various ethnicities
across the globe. Studies on American, European,
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Table I: Overall comparison of CA and mean SA estimated by both GP and GG methods in boys and girls (all ages in months).

Age group Mean CA ± SD Mean SA by GP method ± SD Mean SA by GG method ± SD p-value for SA by 

(p-value) (p-value) GP vs. GG methods

Boys 102.7 ± 57.8 87.1 ± 62.4 (p<0.001) 80.6 ± 71.1 (p<0.001) p=0.004

0 - 45 31.3 ± 9.5 27.7 ± 8.5 (p=0.317) 11.9 ± 19.9 (p<0.001) p<0.001

46 - 90 71.2 ± 17.9 45.1 ± 16.3 (p<0.001) 40.6 ± 32.7 (p<0.001) p=0.309

91 - 159 129.8 ± 15.6 110.7 ± 28.3 (p<0.001) 106.3 ± 36.6 (p<0.001) p=0.315

160 - 216 184.8 ± 12.5 174.8 ± 14.8 (p=0.061) 172.8 ± 51.8 (p=0.255) p=0.735

Girls 121.9 ± 63.5 122.7 ± 70.1 (p=0.695) 130.2 ± 85.7 (p=0.011) p=0.001

0 - 46 32.5 ± 18.9 28.4 ± 21.6 (p=0.189) 25.7 ± 27.9 (p=0.189) p=0.561

47 - 100 69.3 ± 17.2 68.8 ± 34.9 (p=0.940) 59.3 ± 47.2 (p=0.129) p=0.014

101 - 159 124.3 ± 19.0 124.0 ± 30.7 (p=0.947) 129.9 ± 46.1 (p=0.391) p=0.128

160 - 216 189.6 ± 11.1 194.0 ± 13.8 (p=0.101) 215.6 ± 33.7 (p<0.001) p<0.001

Figure 1: Correlation between CA and SA estimated by both methods in
boys and girls.

Figure 2: Bland Altman plot for GP and GG methods showing clinically
significant discrepancy between the two methods in boys and girls.



Korean, Moroccan and Spanish children have shown
good agreement between actual CA and SA predicted by
GP method.14-18 However, reports on Austrian, Turkish,
Chinese, Indian, Hispanic and South Asian children
have suggested that GP method may not be applicable
to children of such populations.19-23 Moreover, one study
which was done in Erie Basin (area from where the
Greulich and Pyle standards originated) suggests that
GP method may not be reliable in black children.24

With reference to Pakistan, at least two independent
studies have contended that GP method may not be
wholly reliable for the estimation of SA in this
population.11,25 In this study, GP method was reliable in
predicting the SA for girls in all age groups. However, we
observed that SA estimated by GP method was not
accurate for boys overall and it underestimated SA in
boys, thus rendering this method unreliable for use in
boys.

The Girdany-Golden method is also being employed in
various institutions throughout Pakistan for the purpose
of SA determination. Scarce literature is available
regarding GG method and its applicability to children of
various ethnicities. Virtually no data exists regarding the
applicability of this method to the children of Pakistan. In
the present study, it was observed that GG method was
not reliable for the determination of SA in girls and boys
of all ages. It was also observed that GG method tended
to underestimate CA for boys up to the late childhood
group, while it underestimates CA in the adolescent age
group in girls. Consequently, this method does not
appear to be reliable for the determination of SA in
Pakistani children of either gender.

To the best of authors' knowledge, this study is the first
of its kind making a head-to-head comparison of GP and
GG methods for estimation of SA. This study revealed
that although Pearson product-moment correlation
coefficient was significant for both GP and GG methods,
it was stronger for GP as compared to GG method in
either gender. Also, in terms of intra-class correlation
coefficients, GP was better than GG method, even
though both showed excellent agreement between the
two readers. Bland Altman analysis also illustrated that
for 95% confidence intervals, a clinically significant
discrepancy existed between GP and GG methods of up
to 58 and 62 months for boys and girls respectively. This
suggests that these two methods cannot be used
interchangeably. These facts were further expounded by
paired samples t-test which showed that although GP
method was only accurate in estimating SA for girls, GG
method overall was unreliable in estimating SA for either
gender. A statistically significant difference was also
found between SA estimated by GP and GG methods for
either gender. Keeping these statistics in mind along
with the fact that there was not even a single age group
in either gender for which GG method was more

accurate than GP method, it may be inferred that the
simultaneous use of both GG and GP methods does not
provide any added benefit over the use of GP method
alone.

However, before coming to any definite conclusions, the
limitations of this study must be borne in mind. First and
foremost, this study was based on a sample of children
who had presented for the evaluation of trauma at a
tertiary care hospital. This hospital-based sample of
children may differ significantly from the general
population and thus may not be truly representative of
healthy children. Furthermore, convenience sampling
was used in this study, which again may pose problems
when generalizing the results of this study to the general
population. Ethnicity may be a significant confounder in
our analysis, which was not controlled for and thus may
have influenced the results of this study.

Despite the limitations of this study, the strengths of this
study also merit attention. First and foremost, this study
is the first study to analyze the use of GG method for the
determination of SA in Pakistani children. Secondly, this
study is the first to provide a head-to-head comparison
between GP and GG methods, which has not been
reported in the published literature before. Last but not
the least, as both GP and GG methods are being utilized
concurrently in Pakistan, the results of this study are the
first to suggest that the use of GP method alone may be
equally effective. This has important implications for
clinical practice in terms of cost, radiation exposure and
feasibility.

Another important finding of this study is that neither GP
nor GG method is reliable for the estimation of SA in
Pakistani boys. This finding can have major implications
for medical and legal domains. Given the fact that the
findings of this study are in line with previous reports
from the country,11,25 it is imperative that indigenous
standards of SA be developed by studying a larger
representative sample of healthy children from our own
population.

CONCLUSION
There was no additional benefit of using GP and GG
method simultaneously over using GP method alone.
Moreover, although GP was reliable in estimating SA in
girls, it too was unable to accurately assess SA in boys.
Therefore, it would be ideal to develop indigenous
standards of bone age estimation based on a
representative sample of healthy native children.
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