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ABSTRACT

INTRODUCTION: Determination of bone age is a clinical procedure used in pediatric radiology to evaluate
skeletal maturity on the basis of bone growth in the left hand and wrist, as seen on a radiograph. The determination
of skeletal maturity (also referred to as bone age) plays an important role in the diagnosis and treatment of
endocrinologic abnormalities and growth disorders in children. In clinical practice, the method most commonly
used to assess bone age is matching of a radiograph of the left hand and wrist with the Greulich and Pyle atlas.
Aim of this study was to determine skeletal age by Greulich-Pyle atlas of the hand-wrist and its difference from
chronological age in males and females aged 0-19. MATERIAL AND METHODS: This was a cross sectional
study conducted at Department of Diagnostic Radiology, Combined Military Hospital, for a period of six months
(01.01.2017 - 30.06.2017). Hackman study had a total of 406 left hand / wrist radiographs (157 females and 249
males) were age assessed using GP atlas. Analysis showed a strong correlation between CA and estimated age
(females R2 = 0.939, males R2 = 0.940) with a p<0.001. R2 = 0.945, CI=95%, then the estimated sample size
will be at least n=50. We used non-probability consecutive sampling. RESULTS: Total of 100 patients with left
or right hand-wrist x-rays were included (50 males, 50 females). The age groups were broken down into year
cohorts and compared with GP atlas. The males showed over-estimation of age in 11-19 years. It was 0.15-3.76
months. Females showed overestimation of 0.84-2.43 in 1-15 years age. Males had underestimation of age at
0-10 years of 3.17-3.31 months. Females age showed underestimation of 0.9-11.6 months. T-test was applied
(males t=0.25, females t=1.09).Analysis showed a strong correlation between CA and SA with R2 = 0.98 and
regression coefficient=0.96 with p<0.05. The difference between SA and CA is less than = 2 SD. CONCLUSION:
The study showed that the GP atlas can be used for age estimation and applied to Balochistan population but
would recommend that any analysis takes into account the potential for over- and under-aging as shown in the
study.
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Introduction

maturity (also referred to as bone age) plays an

Determination of bone age is a clinical procedure
used in pediatric radiology to evaluate skeletal maturity
on the basis of bone growth in the left hand and wrist,
as seen on a radiograph. The determination of skeletal
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important role in the diagnosis and treatment of
endocrinologic abnormalities and growth disorders
in children. In clinical practice, the method most
commonly used to assess bone age is matching of
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a radiograph of the left hand and wrist with the
Greulich and Pyle atlas.t

The estimation of skeletal age is a means of assessing
development and the process of skeletal maturation
in children and adolescents for clinical or forensic
purposes. These assessments involve comparing the
skeletal age of a test population against established
standards. The most commonly used standards are
those published in the Radiographic atlas of skeletal
development of the hand and wrist by Greulich and
Pyle.2

Skeletal maturity is the only developmental indicator
that remains at hand from birth to adulthood. 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. In
medico-legal cases, SA is regarded the most con-
vincing 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

Literature shows that the atlas consistently over-ages
females by 0.20 and 5.73 months. For males, there
is a varying tendency to over-age and under age
individuals. The atlas consistently over-ages boys
from 1.62 months and 11.05 months.4

There is evidence that skeletal maturation may vary
between different ethnic and socioeconomic groups
of children or among children living in various geogra-
phical locations.5

In this study, we investigated as to what extent the
GP method is adequate for determining the skeletal
age of children in contrast to chronological age in our
setup. Balochistan is a province where births are not
routinely registered. This study will help in age assess-
ment not only to ensure that children and juveniles
are identified and treated appropriately but also from
forensic point of view to prevent adult criminals from
getting juvenile rights and vice versa. Unfortunately
in Pakistan the studies done are limited to the time
of appearance and fusion of ossification centres.é
The present cross sectional study will provide preli-
minary observations on bone maturity in Balochistan
where no such information is at present available.
Greulich Pyle is the most frequently used as it is easy
and fast to use. In this method a radiograph of the
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left hand is compared with a series of radiographs of
known age. These standards were compiled from
research conducted on normal white children in the
United States during the 1930s. The applicability of
the GP method beyond populations dissimilar to its
own has been shown to be variable.”

OPERATIONAL DEFINITION:

Skeletal age: Itis the assessment of skeletal maturity
undertaken on the basis of degree of maturation of
epiphysis (at birth, epiphyses usually present at the
ends of the long bones are not present. As a child
grows the epiphyses appear and become calcified
and fuses which appears on the x-rays) to normal
age-related standards advised by GP atlas.

Chronological age: Age of a person measured in
years, months, and days from the date the person
was born. It would be investigated from the guardian/
parent by asking for birth certificate.

Material and Methods _____

Study Design: Cross sectional study

Setting: Diagnostic Radiology department of
Combined Military Hospital, Quetta.

Duration of Study: Six months (01.01.2017-
30.06.2017)

Sample size: The sample size was calculated by
using WHO sample size calculator. Hackman# study
had a total of 406 left hand / wrist radiographs (157
females and 249 males) were age assessed using
GP atlas. Analysis showed a strong correlation bet-
ween CA and estimated age (females R2 = 0.939,
males R2 = 0.940) with a p<0.001. R2=0.935, C|=95%,
then the estimated sample size was at least n=50.
Sample Technique: Non-probability Consecutive
sampling

Sample Collection:

The inclusion criteria: The participants of the study
were both boys and girls having chronological age
less than 19 years determined by their birth certificate,
visiting to the radiology department of Balochistan
origin.
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The exclusion criteria: (1) Those with gigantism
(macrodactyle), Turner’'s syndrome (short 4th meta-
carpal), Klinefelter's syndrome ( angulation at an
interphalangeal joint affecting 5t digit), Marfan’s
syndrome ( spider fingers), Hurler’s disease ( pointing
of proximal metacarpals), Achondroplasia ( short
hands with stubby fingers, separation between the
middle and ring fingers). (2) Patients of other than
Balochistan origin and refugees. These are excluded
to remove bias from the results.

DATA COLLECTION PROCEDURE: A total of 100
participants of Balochistan including 50 boys and 50
girls were included in the study. The participants were
the children of 0 to 19 years of age visiting outpatients
and Diagnostic Radiology department of Combined
Military Hospital, Quetta fulfilling the inclusion criteria.
Approval of the study was taken from the hospital
ethical committee. Informed written consent was taken
from the guardian of the children before including in
the study. The whole study sample was divided into
4 subgroups (0 to 4 years, 5 to 9 years, 10 to 14
years and 15 to 19 years). The implementation of the
Patient administration system (PAS) was prospectively
selected for inclusion. Radiographs were unrevealed,
with the omission of information on age and sex of
the individual. The estimated bone ages from plain
Radiography and hand wrist x-ray results interpreted
by use of Greulich pyle atlas were correlated by the
radiologist for estimation of skeletal age. The Mean
differences between SA and CA was documented
and differences in months were assessed in all age
groups between males and females using Greulich
pyle atlas as a reference. The atlas of Greulich and
Pyle, offering standards of skeletal development of
white North American children, was used as reference
and the accuracy was assessed in contemporary
sample from Balochistan population. The results
acquired were annotate on the ossification process
in girls and in boys and also documented which
gender was earlier than other. In general, the highest
agreement between bone age and chronologic age
was for the ossification centers of the distal epiphysis
of the ulna and radius and for those of the metacarpal
bones. Observer was blinded to information on CA
at the time of assessment of the radiographs to avoid
bias of the results. The relationship between CA and
SA was examined for each one year age group, to
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determine the applicability of the method to
Balochistan population. Basic demographic information
including name, age, gender, CA and estimated age
by Greulich pyle Atlas was recorded on a predesigned
Proforma.

DATA ANALYSIS PROCEDURE: Data analysis was
performed using the (SPSS v 15) statistical software.
Descriptive statistics were used to calculate mean
and standard deviation for Quantitative variables like
chronological age, skeletal age and difference in
chronological age and skeletal age. The difference
between CA and SA was calculated by subtracting
the CA from the SA. A negative value indicated that
the individual had been under aged, and a positive
value indicated an individual who had been over aged
using the GP atlas. Frequency with percentages were
presented for Qualitative variables like gender and
age groups.

Spearman correlations coefficient was applied to
correlation chronologic age to skeletal age in both
genders. P-value < 0.05 was considered significant.

RBiUJIS__

This is a prospective study involving total of 100
children aged between 0 to 19 years old. There are
50 males and 50 female X- rays of hand and wrist.
All the X-rays were studied and a skeletal age was
assigned to them according to Greulich and Pyle
(1959) atlas. Both right and left hand X-rays were
included. In total left hand X-rays were 45 and right
hand X-rays were 55. The question of concern is
whether the degree of skeletal development is similar
in each of the two hands or not. This is explained by
study conducted by Dreizen et al. (1957) who found
that the difference between skeletal ages of two hands
exceeded 3 months in only 13% of the children and
that it was more than 6 months in only 1.5% of the
children which showed that the difference was
negligible and insignificant. Therefore demarcation
on the basis of right and left hand wrist X-rays was
not done and were taken together.

The number of X-rays in both sexes were almost the
same in all age groups except 16-20 years, where
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only two x-rays were included (Fig. 1). X-rays from
both right and left hands were included (Fig. 2).
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Figure 1: Histogram of age of the patients (n=100)
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Figure 2: Site with respect to gender (n=100)

The (Tab. 1) represents the comparison of CA and
SA. An under-aging of 0.25 months for females and
an over-aging of 1.14 months for males is shown
overall. The t-test value for males is -0.25 and for
females is 1.09.

(Tab. 2) summarizes the mean, range and the standard
deviation of the residual age (months) for females
in four divided groups. Differences between
chronological and skeletal age were explored further
by calculating mean differences in months separately
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Gender Chronological Skeletal Difference | t-test | P-Value
Age Age
Male (n=50) 130.16 £ 66.95 | 130.41+64.83|-025+7.12(-0.25| 0.80
Female (n=50) | 108.62 + 53.69 | 107.48+54.80(1.14+7.36 | 1.09 | 0.27

Paired ttest applied

Table 1: Comparison of chronological age and skeletal age for
male and female

Age Groups | N | Mean Residual |Range of residual Standard
difference in months deviation
0-5 Years 13 0.84 9.7,-54 407
6-10 years 15 243 15.7,-11.6 8.43
11-15Years | 20 2.06 134,-0.9 6.29
16-19years | 2 -15.77 -22.8,-88 9.91

Table 2: Mean, range and (SD) of residual age (months) in female
by 5 years age groups

on the basis of year cohort for both male and female
subjects. For females, age was found to be consistently
over-estimated in all four age groups. With regard to
these over-estimations, these are found to vary from
a minimum of 0.84 months to a maximum of 15.77
months. The under-estimations were found to vary
from a minimum of 0.9 months to a maximum of 11.6
months. For males, over-estimations were found
among those aged 11-20 years. These over-
estimations were found to vary from a minimum of
0.15 months to a maximum of 3.76 months.
Additionally, under-estimations were found among
those aged 0-10 years. These under-estimations were
found to vary from a minimum of 3.17 months to a
maximum of 3.31 months. (Fig. 3) presents box plots
and whiskers of actual age discrepancy male subjects.
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Figure 3: Box and whiskers plot between chronological age in
years and residual age in months for male patients (n=50)
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It further confirm the results just presented in that
age, discrepancy tends to centre around zero in both
cases. Specifically, while the following two figures
indicate some variation in prediction accuracy on the
basis of subject age (i.e., variability is higher among
female subjects aged 8, 9 and 11, while variability is
higher among male subjects aged 4, 6 and 11).
The scatter plot indicated in (Fig. 4) represent a posi-
tive linear association between skeletal and chrono-
logical age for females subjects. Pearson’s correlation
coefficient was also conducted separately for female
and male subjects between skeletal and chronological
age. A strong correlation coefficient of 0.99 was found
between skeletal and chronological age for both
female and male subjects (p < 0.05).

2507

200

150

Skeletal Age (months)

1007

T T
0 50 100 150 200 250

Chronological Age (months)

Figure 4: Scatter plot between chronological age and skeletal
age in months for female patients (n=50)

Linear regression was conducted which included
skeletal age as the predictor and chronological age
as the dependent variable. (Tab. 3) presents the
results of these analyses, with separate regressions
conducted on the basis of subject sex. The R2 value
for both females and males was found to be 0.98
(p <0.05).

Gender | Correlation | Regression | R2Value t-value P-value
Coefficient | Coefficient

Male 0.995 0.96 0.989 66.84 0.0005

Female 0.991 1.011 0.982 51.24 0.0005

Dependent variable is chronological age and predictor is skeletal age.
Spearman and Pearson correlation coefficient are same

Table 3: Correlation and regression coefficient for both male and
female for the age estimation with chronological and skeletal age
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Following this, sample paired t-tests were conducted
comparing chronological and skeletal age on the
basis of subject sex. No statistical significance was
achieved in regards to females however statistical
significance was indicated with respect to male
subjects (p < 0.05).

The results of the Pearson’s correlations were being
conducted. Strong correlations were found in all cases,
with statistical significance also being found in all four
cases (p < 0.05). Additionally, the 95% confidence
intervals calculated for each of these four correlations
also indicated positive correlations being present
across these confidence intervals.

Di .
In the last few decade scholars debate on the effect
of puberty, nutrition, socioeconomic status, geographic
location and ethnicity on skeletal maturation and
skeletal age in both sexes. Age has been indicated
as one of the most essential factors for establishment
of the identity of an individual and determination of
the growth factors related to the individual. The
question raised over past decades in multiple studies
conducted worldwide and is to whether the Greulich
and Pyle standards set in 1959 are still applicable
on current population and also whether the population
skeletal maturation used at that time is different to
current population. To answer these questions a multi-
centre longitudinal study needs to be undertakens.?
including children of all races and ethnicity and taking
into account different geographic locations. As this
is a set standard and is used in important fields of
life like medical field for assessing growth abnorma-
lities and response to treatments, forensic, criminal
and legal cases for trafficking victims and illegal immi-
grants. it is important that this technique should be
continuously checked and investigated especially in
developing world.

The current study is based on contemporary Balochis-
tan population and assessing the applicability of
Greulich and Pyle (1959) atlas on our population. In
current study the maximum numbers of subjects were
seen in 2-4 and 8-12 year old. High number of subject
are seen in same age group in the study of Nahid et
al. (2009) and is further supported by Mora et al.
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(2001) and Griffith et al. (2007) who also had adequate
number of X-rays in their pre pubertal groups. The
reason could be as this particular age group is involved
more in sports and recreational activities and so more
presentations to Emergency Department with trauma.

It is important to have an adequate number of X-rays
in pubertal age groups which is seen in our study
and study of Beunen et al,10 Murata et al,11 Loder et
ald and Hackman et al4 also indicated the importance
of having good number of participants in these age
groups so that skeletal difference might come out
clearly because of the expected variation brought out
due to the pubertal change. Smaller number of X-
rays is seen in age group O in both sexes. The reason
might be the avoidance of unnecessary X-ray expo-
sure due to its hazardous effects. Small number in
early childhood years was seen in study of Ontell et
al,9 Hackman et al4 and Paxton et al.6

Greulich and Pyle (1959) did not consider different
ethnicities when standardizing the atlas for skeletal
development of children and adolescents. Sutow?!2
mentioned in the study about the effects of ethnicity
causing retardation of skeletal age. Sutow!2 discussed
racial differences to be among the causes of retar-
dation of skeletal maturation among the Japanese
children. Sutow!2 sought a sample of 898 children of
the Japanese origin from San Francisco, California.
These were aged between 5 and 18 years. Boys
between 13 and 17 and girls between 10 and 17
showed comparative acceleration. This is as contras-
ted to Greulich and Pyle 5-7 year age group (Greulich
and Pyle, 1959). Sutow!2 attributed the trend to the
fact that the children from the Japanese descendent
did not have favourable environmental and nutritional
conditions.

The current study showed that the difference between
skeletal and chronological in more than 95% sample
is less than the + 2 SD advised in the Greulich and
Pyle (1959) atlas, with few outliers. According to the
assumption made by Greulich and Pyle (1959) atlas
“that one standard deviation above and below the
skeletal age corresponding to the child’s chronological
age will include approximately two third of white
children in this country who are adequately nourished
and in good health; that two standard deviations will
include about 90% of all such children, in addition to
some whose skeletal development is delayed as result
of disease of nutritional inadequacy; and that a diffe-
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rence of more than two standard deviations above
or below the mean would make it highly probable that
the child is abnormally advanced or delayed”. Van
Rijn et al13 and Moradi et al'4 found that the difference
between chronological and skeletal age was less
than the = 2 SD that Greulich and Pyle (1959) men-
tioned supporting the findings in current study.

For the current study, the difference between skeletal
and chronological age is found to be less when com-
pared to the previously attempted studies conducted
worldwide. The standard deviation for the females in
entire sample was 4.07-6.29 (considering the maxi-
mum groups) and 5.71-7.91 for males whereas the
range noted in the Greulich and Pyle (1959) atlas for
females was between 0.72 to 7.31 and in males was
0.6 to 13.0 months as per Brush foundation study
and 2.7 to 11.2 and 2.1 to 15.4 for females and males
as per their own standards derived from study in
Boston. These results support the clinical applicability
of the Greulich and Pyle (1959) method for Balochistan
children and adolescents as long as the standard
deviations are under + 2 SD as suggested by Greulich
and Pyle (1959). The gap between chronological and
skeletal age though small for most of the data but
the outliers in the current study should be considered
when assigning age in forensic use due to the fact
that in clinical situations the date of birth is provided
but in forensic situations the history and background
for age estimation is not known in most of the cases.
The gap can still be justified with the fact that matu-
ration changes with respect to time. According to
Himes,15 there is 0.22-0.66 years increase in skeletal
maturation per year/decade with changes seen more
in ages of fusion.

All the outliers were included in the study as it is true
representation of the data. The reason for the few
outliers may be due to the systematic error on the
assessor’s part for example a bone can be over-aged
or under-aged than its actual value causing variations
in the results. However it should be noted that it is
random and could increase the variation when being
considered on its own but balancing the error when
taken in group. The variability in assessing the skeletal
age is lower for the carpal bones as compared to
other bones of the hand-wrist.16.17 This could increase
the changeability of the skeletal ages noticed for
these bones. The other possible reason could be that
at the time of presenting to Emergency Department
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with trauma there might have been an underlying
pathology which was not diagnosed or was not
apparent at that point of time.

The results in (Tab. 5) showed that the correlation
coefficient between skeletal and chronological age
of both female and male subjects is 0.99. Biken et
al18 found high correlation with r = 0.88 for girls and
r = 0.90 for males. The study indicated for both females
and males a R2 value 0.98 and regression coefficient
of 0.96 for males and 1.011 for females (p < 0.05)
indicated by the observer. The variation is high at
98% indicating that the relationship between the
chronological and skeletal age is positive and highly
correlated. Hackman et al4 showed an R2 value of
0.93 and 0.94 with regression coefficient of 0.89 and
0.97 for females and males (p < 0.001) respectively.
This study also supports that chronological age is
closely related to skeletal age. The coefficient obtained
in both studies was comparatively lower than the
current sample study.

It is noted that skeletal maturation is sex specific and
different in males and females respectively.19 In the
current study, both sexes show different pattern of
results yet still within the range of Greulich and Pyle
(1959) standard deviations. The results were separate
for females and males. This study found out that there
has been a general mixed pattern for both under-
aging and over-aging in both sexes. The over-aging
ranged from 0.84 to 2.43 months from the age 1 to
15 years in females, showing that girls are over-
estimated. This over-estimation in ages 1 to 15 years
can be due to the fact that girls in general are skeletally
4-6 weeks more mature than boys as suggested by
Marshall et al.19 Also it can be due to the fact that
girls reach the stages of skeletal maturation earlier
in comparison to the male population. For males over-
aging ranged from 0.15 to 3.76 months in age groups
11 to 19 years. The pattern for males has been
consistent for under-aging from 0 to 10 years old.
This pattern of under-aging in males before puberty
and over-aging after puberty is seen in other studies
conducted by Ontell et al,® Koc et al,20 Biken et al,18
Nabhid et al,21 Zafar et al® and Hackman et al.4 In both
males and females19 years showed an over-aging
and could be due to the end of the atlas series at this
age group. In comparison, the Hackman et al4 study
showed a general mixed pattern of under-aging and
over-aging. It was seen that for females over-aging
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occurred at 1, 3, 6, 7 and 9-16 years old with over-
aging from 0.20 to 5.73 months.

In the current study this general pattern of under-
estimation of males prior to puberty and over-esti-
mation after puberty and in female’s over-estimation
before and somewhat under-estimation after puberty
is seen. The differences amongst girls and boys can
also be due to the effect of puberty and genetics on
skeletal maturation. Girls enter puberty before boys
with ages 11 years versus 13 years22 and complete
pubertal stages earlier in comparison to boys who
complete the puberty stages later (onset of growth
spurt occurs later and slow progression to completion)
and continue to show advanced bone age even after
the girls have achieved skeletal maturity. According
to Carpenter and Lester,23 after puberty skeletal age
advanced in both females and males while in current
sample, only in case of males this finding is supported,
however in females it is supported only by age groups
12 years. In addition these differences can be due to
influence of genetics on skeletal maturation and its
predisposition can range from 41 to 71%.24.25 Also
this could be the result of the change of population
and geographical location different from the one on
which Greulich and Pyle (1959) study was based.
According to Schmeling et al26 economic progress
and modernization in medicine have an impact on
the ossification of hand and wrist resulting in high
ossification rates.

When four age cohorts were taken for both males
and females it showed that in males an under-age of
12 months and an over-age of 5.6 months was seen
in ages 0 to 5 years and in females similar group was
under-aged by 5.4 months, with SD value of 4.07 for
females and 5.73 for males, which is small compared
to other age groups. The age groups 16 to 19 years
in females and 6 to 10 in males show a larger SD
value compared to other age groups (9.91 for females
and 7.91 for males). The smaller range of under and
over-aging in age group 0 to 5 years is also seen in
study conducted by Hackman et al4 who appeared
to have an under-age of 15 months and an over-age
of 14 months in same age group. Studies conducted
by Loder et al,® Ontell et al, Rikhasor et al” and Mora
et al27 also agreed to smaller difference between
chronological age and skeletal age in young age
groups. This smaller difference noted in these younger
cohorts could be due to the small gap of 3 months
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given in taking X-rays under 1 year of age followed
by a gap of 3 and 6 months until the age of 5 years.
However a gap of 12 months was given thereafter
which could be contributing to the larger differences
seen in older age groups.

The reliability and the accuracy of the Greulich and
Pyle atlas (1959) method is not 100% because it
brings out the mixed patterns of the difference between
the chronological and skeletal age among both sexes.
Tise et al28 in their study where they assessed the
applicability of the Greulich and Pyle (1959)2°2 method
in the assessment of the age for the Italian sample
in the legal practice found out that the method was
not 100% reliable in determine the true age of the
study participants. Tise et al28 indicated that the true
ages of the subjects were either over-estimated or
under-estimated and therefore posing a challenge to
the legal practice. But one should be aware of the
fact that in order to prove 100% efficacy of the method
of age assessment ideal situation is required where
there is no deviation of the individuals from the
population upon which the method of assessing the
skeletal age is based. Considering these points our
study could not prove the efficacy to be 100% assu-
ming the different gene pool and also the environmen-
tal and geographic factors were different to the one
in 1930. However 98% of the variation in the
chronological age being interpreted on the basis of
skeletal age for both subjects (p < 0.05) was achieved
in our study.

Conclusion

The application of the Greulich and Pyle (1959) atlas
technique in this study to assess the skeletal and
chronological age among the study subjects was
undertaken using the cross-sectional study design.
The main objective was to quantify the difference, if
any between the ages; it was found that this error
was small. The study found that there is strong
correlation between skeletal age and chronological
age among the study participants after applying the
Greulich and Pyle (1959) atlas method. Current study
has not found any evidence against the applicability
of Greulich and Pyle (1959) atlas on the basis of
changes in specific bony maturation patterns despite
of variability in maturation rates. The results suggest
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that application of the Greulich and Pyle (1959) atlas
method should be encouraged among the assessors
and researchers who want to determine the
relationship between the chronological age and the
skeletal age in the field of medicine. The current study
supports the use of Greulich and Pyle (1959) method
in the age estimation among Balochistan children as
long as differences highlighted in our study are taken
in to consideration.
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