ORIGINAL ARTICLE

ESTIMATION OF SKELETAL AGE BY GREULICH-PYLE METHOD IN
HEALTHY ADOLESCENTS

Muhammad Awais,! Khadija Nuzhat Humayun,? Naila Nadeem,! Abdul Rehman,3

Yousef Husen,! Noman Khan,! Kamal Uddin Kasi'

1 Department of Radiology, The Aga Khan University Hospital (AKUH), Karachi, Pakistan.
2 Department of Pediatrics, The Aga Khan University Hospital (AKUH), Karachi, Pakistan.
3 Department of Medicine, Rutgers New Jersey Medical School, Newark, NJ, USA.

PJR January - March 2022; 32(1): 01-07

ABSTRACT ___

OBJECTIVE: To assess the Greulich-Pyle method for the determination of skeletal age in healthy adolescents
in Karachi using legal document as gold standard proof of the chronologic age. DESIGN: Cross-sectional study
METHODOLOGY: After obtaining approval from the institutional ethics review committee, a convenience sample
of healthy boys and girls was recruited from public schools in Karachi, Pakistan. Plain radiographs of wrist and
hand were acquired for determination of bone age using Greulich-Pyle atlas. All plain films were interpreted by
two experienced radiologists, who were blinded to the actual age of the subjects. Legal documents (that is birth
certificate) was used as gold standard for the proof of the chronological age. RESULTS: Ninety-nine subjects
(52 boys and 47 girls) were included in the study with a median age of 14.1 years. The median bone age estimated
by Greulich-Pyle method for the whole sample was 15 years, which was not significantly different (p>0.05) from
the median chronologic age. However, median bone age estimated for girls under the age of 13 years was
significantly different from the median chronologic age (p<0.01). CONCLUSION: Our study revealed significant
discrepancies between chronologic age and bone age in adolescents as estimated by the Greulich-Pyle method.
Keywords: Skeletal age; bone age; chronologic age; Greulich-Pyle method.

Introduction ___

One of the foremost methods of assessment of ske-
letal maturation is by the use of radiographic investi-
gations.! Such determination of skeletal age has
pertinent utility not only in medicolegal cases,? but
also for making diagnostic and judicious therapeutic
decisions in such diverse fields as endocrinology,3
pediatrics4 and orthodontics.5 Numerous methods
have been devised to predict accurately the chro-
nologic age of an individual based on radiographic
appearances.6 Greulich-Pyle method is the most
popular radiologic method used worldwide for the
determination of skeletal age in young individuals.”
As this method was based upon a sample of healthy
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white children of Northern America, its applicability
to individuals of different ethnicities is questionable.8
Inaccurate estimation of skeletal age, particular in
the adolescent age group has significant implications
for social, legal and medico legal purposes.? Some
preliminary studies raised concerns regarding the
use of this method in the Pakistani population.10,11
However, these studies were based on a hospital-
based sample, their applicability to the general popu-
lation was limited. In this study, our aim was to assess
the accuracy of the Greulich-Pyle method for deter-
mination of skeletal age in healthy adolescents.
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Materials and Methods ____

This cross-sectional study was performed after
obtaining approval from the Ethics Review Committee
(ERC) at a tertiary care hospital in Pakistan. A sample
of healthy children was recruited from various schools
in Karachi, Pakistan during a period from 1st Jan to
31st Dec 2018. A non-probability, convenience sam-
pling strategy was used. Inclusion criteria for study
subjects were healthy boys or girls between the ages
of 13 to 18 years, who did not have any known endo-
crine or genetic diseases. All the children went under
a medical check-up by a consultant pediatrician and
the child s height and weight were also recorded.
Exclusion criteria included absence of documentation
of legal age and known medical disease (genetic
syndrome, endocrine disorder or growth abnormalities)
or history of upper extremity fracture. Informed consent
and assent were obtained from the parents (or guar-
dians) and child participating in the study. Funding
was received from the University Research Council
(URC) for the purpose of this study.

Data was obtained for study subjects through
interviews and recorded on a predesigned structured
questionnaire. Parents (or guardians) of study subjects
were asked to produce legal documents (birth cer-
tificate or domicile) as proof of age. Plain radiographs
for all subjects were performed in the Department of
Radiology. X-ray of the left hand and wrist in postero-
anterior projections were acquired using either Q-
RAD 50 KW 630 mAs (Shimadzu Medical systems,
Japan) or 630 mAs OTC 12S (DEL Medical Systems,
United Systems). Standard exposure settings of 54
KVs and 3 mAs were used for all radiographs. Two
pediatric radiologists with more than 10 years of
experience interpreted plain radiographs and esti-
mated bone age based on the Greulich-Pyle atlas.
Data relating to actual (chronologic) age, gender,
ethnicity, bone age, weight, height and participation
in sports were recorded on the structured pro forma.
Statistical Package for Social Sciences (SPSS) version
20.0 was used for statistical analysis. Frequencies
were calculated for qualitative variables, while median
(inter-quartile range [IQR]) were computed for quan-
titative variables. Non-parametric Wilcoxon signed
ranks test was used for comparison of median bone
age and median chronologic age. Pearson product-
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moment correlation was used to assess the linear
correlation between two quantitative variables. Multi-
variate linear regression for all calculations, a p-value
of less than 0.05 was considered statistically sig-
nificant.

B-e_s_l"l'l't's__

A total of 99 children were included in the study with
a median age of 14.1 (IQR: 12.3 15.8) years. Boys
constituted 52.5% (n=52) of the sample and the most
common ethnicity was Guijrati. The distribution of
boys and girls among the various age groups is shown
in (Fig.1). The median weight and height for study
subjects were 48 (IQR: 39 59) kg and 157 (IQR:
150.5 165.5) cm respectively with a median BMI of

Characteristics | Frequency (%)

Sex

Male 52 (52.5%)

Female 47 (47.5%)

Age (median [IQR]) 14.1 (12.3-15.8) years
Ethnicity*

Gujrati 53 (53.5%)

Urdu speaking 25 (25.3)

Memon 4 (4.0%)

Sindhi 2 (2.0%)

Punjabi 1(1.0%)

Unknown 14 (14.1%)

Weight (median [IQR]) 48 (IQR: 39-59) kg

Height (median [IQRY]) 157 (IQR: 150.5-165.5) cm

BMI
Less than 18.5 kg/m? 42 (42.4%)
18.5-22.9 kg/m2 38 (38.4%)
23-29.9 kg/m2 18 (18.2%)
30 kg/m2 or higher 1(1.0%)
Participation in sports
Yes 94 (94.9%)
No 5(5.1%)
History of fracture
Yes 10 (10.1%)
No 89 (89.9%)

BMI = Body mass index; IQR = interquartile range
* Description of ethnicity was based solely on how subjects
described themselves

Table 1: Characteristics of subjects included in our study (n=99)
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19.2 (IQR: 16.5 22.1) kg/m2. The weight-for-age and
height-for-age for our study sample arerepresented
in (Fig.2). Descriptive statistics for our entire study
sample are summarized in (Tab.1).

Gender

M Boys
Hairls

Count

11 years 12 years 13 years 14 years 15 years 16 years 17 years 18 years

Age group

Figure 1: A bar chart depicting a breakdown of the entire sample

by age and gender.
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Figure 2: A graph depicting the weight-for-age and height-for-
age (percentiles) for boys and girls included in the sample.
Individual dots represent a single subject. Plus ( + ) indicates
mean, while boxes represent 95% confidence intervals. Central
horizontal lines within the box represent median and lines with
bars extending from the box represent ranges of values.

The results of bone age estimation versus actual
chronologic age for the whole sample are shown in
(Fig.3). There was a strong correlation between
chronologic age and bone age (Pearson product-
moment correlation coefficient, r=0.858; p<0.001).
The median bone age estimated by Greulich-Pyle
method for the whole sample was 15 (IQR: 12 17)
years which, when compared to the median chro-
nologic age (14.1 [IQR: 12.3 15.8] years) using
Wilcoxon signed ranks test, was not significantly
different (p>0.05 ). The difference between bone age
and chronologic age (termed age discrepancy ) for
boys and girls of various age groups is shown in
(Fig.4). The median bone age estimated by Greulich-
Pyle method for boys (13.8 [IQR: 12.0 16.5] years)
was not significantly different from the median
chronologic age (13.5 [IQR: 12.3 15.6] years) as
assessed using Wilcoxon signed ranks test (p>0.05).
However, the median bone age estimated by Greulich-
Pyle method for girls (16 [IQR: 13 17] years) was
significantly different from the median chronologic
age (14.5[IQR: 12.4 15.8] years) as assessed using
Wilcoxon signed ranks test (p<0.05). (Fig.5) shows
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bone age and chronologic age for boys and girls aged
less than 13 years and those aged greater than or
equal to 13 years. A polar plot (Fig.6) was also
constructed for both boys and girls to depict the
severity of age discrepancy for various age groups.

Bone age vs actual age
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Figure 3: Graphs depicting the distribution of bone age (BA) and
chronologic age (CA) for study subjects included in the whole
sample. X-axis represents individual study subjects, while Y-axis
shows the age in years.

To further assess factors that might account for age
discrepancy, we split the dataset into boys and girls
who were underweight (BMI < 18.5 kg/m?2) vs those
who were not underweight. There was strong corre-
lation between chronologic age and bone age for all
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Figure 4: A graph showing the median age discrepancy (i.e. the
difference between bone age and actual chronologic age)
represented by diamonds with interquartile ranges represented
by bars for each age group among boys and girls.

the groups. (Fig.7) shows the age discrepancy for
boys and girls who wereunderweight or not under-
weight. Weconstructed a linear regression model in
order to assess the factors affecting age discrepancy.
In the multivariate linear regression model, gender
(=0.355, p<0.001), height ( =0.512, p=0.002)and
chronologic age ( = -0.346, p=0.007)were found to
be independent predictors of age discrepancy.
However, given the small sample size, the model had
overall poor performance (R2=0.236).
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Bone age vs actual age
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results have important implications as Greulich-Pyle
method is currently the most commonly employed
method for bone age determination in Pakistan.

Greulich-Pyle atlas was developed based on a
Caucasian sample of North American children. The

Girls aged 13 years and above

Figure 5: Graphs depicting the distribution of bone age (BA) and
chronologic age (CA) for boys and girls below 13 years of age vs
those aged 13 years or more. Abscissa represents individual
study subjects, while ordinate shows the age in years.
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applicability of this method of bone age estimation
to other populations has been critically evaluated in
the past. Maggio and colleagues assessed the
accuracy of Greulich-Pyle atlas for estimation of bone
age in a Western Australian population and concluded
that this method of bone age estimation is not suitable
for legal purposes.12 Hackman and Black observed
that Greulich-Pyle method consistently over-estimated
age in girls up to the age of 13 years and under-
estimated age in boys up to the age of 13 years in
the Scottish population.13 Moreover, a systematic
review comparing the Greulich-Pyle, Tanner-White-
house and Fels methods of bone age estimation
found that Greulich-Pyle method was less accurate
than the other two methods.14

The applicability of Greulich-Pyle method to boys and
girls of Asian and African ethnicities has also been
intensely debated. Mansourvar and colleagues
reported that the Greulich-Pyle method was inaccurate
in African and Asian ethnic groups.15 Asystematic
review published in 2019 compared the performance
of Greulich-Pyle method in various ethnic groups.8
The authors pooled the results of 35 studies with a
low to medium risk of bias (as assessed using the
National Institute for Health and Care Excellence
tool)and concluded that the Greulich-Pyle method
was not accurate for estimating bone age in African
girls and Asian boys.

Data on bone age estimation from Pakistan are
relatively limited. Zafar AM et al. in 2010 cautioned
against the use of Greulich-Pyle method in the Pakis-
tani population.10 Awais M et al. in 2014 compared
Greulich-Pyle and Girdany-Golden methods for bone
age estimation and observed that both methods were
inaccurate for estimation of bone age.11 Taken toge-
ther, these data strongly suggest that the Greulich-
Pyle method of age estimation is unreliable for use
in the Pakistani population.

Limitations of our study included a small sample size,
which limits evaluations of the accuracy of Greulich-
Pyle method in different subgroups (such as different
ethnicities and nutritional status) and precluded
precise regression analyses. Moreover, we did not
perform blood tests for endocrine abnormalities in

our study subjects, which could potentially confound
the observed results. However, all children included
in the study underwent medical check-up by a con-
sultant pediatrician and were found to be healthy.

Figure 7: Graphs depicting the distribution of bone age (BA) and
chronologic age (CA) for boys and girls who had a body mass
index (BMI) of 18.5 kg/m2 or more vs those who were underweight
(i.e. BMI < 18.5 kg/m?). Abscissa represents individual study
subjects, while ordinate shows the age in years.
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Despite these limitations, our study has the strength
of being the first one done on healthy subjects with
legal proof of chronological age. Building on prior
work done in this regard in Pakistan, we provide
further evidence that Greulich-Pyle atlas is not reliable
for estimation of bone age in the Pakistani population.
The natural next step to this conclusion is to pursue
the development of an indigenous method of bone
age estimation that is representative of all ethnicities
of our country and is specifically calibrated for use
in the Pakistani population.

Our study revealed significant discrepancies between
chronologic age and bone age in adolescents as
estimated by the Greulich-Pyle method. The Greulich-

Pyle atlas does not appear to be reliable for estimation
of bone age in the Pakistani population.

References _____

1. De Sanctis V, Di Maio S, Soliman AT, et al. Hand
X-ray in pediatric endocrinology: Skeletal age
assessment and beyond. Indian JEndocrinol Metab
2014;18: S63-71.

2. Pinchi V, De Luca F, Ricciardi F, et al. Skeletal age
estimation for forensic purposes: a comparison of
GP, TW2 and TW3 methods on an ltalian sample.
Forensic Sci Int 2014; 238: 83-90.

3. Satoh M. Bone age: assessment methods and
clinical applications. Clin Pediatr Endocrinol 2015;
24: 143-52.

4. Bachrach LK, Gordon CM. Bone densitometry in
children and adolescents. Pediatrics 2016; 138:
€20162398.

5. Saade A, Baron P, Noujeim Z, et al. Dental and
skeletal age estimations in Lebanese children: A
retrospective cross-sectional study. J Int Soc Prev
Community Dent 2017; 7: 90-7.

PAKISTAN JOURNAL OF RADIOLOGY

10.

11.

12.

13.

14.

15.

Lloyd RS, Oliver JL, Faigenbaum AD, et al.
Chronological age vs. biological maturation:
implications for exercise programming in youth. J
StrengthCond Res 2014; 28:1454-64.

Mughal AM, Hassan N, Ahmed A. Bone age
assessment methods: A critical review. Pak J Med
Sci 2014; 30:211-215. doi: 10.12669/pjms.301.4295

Alshamrani K, Messina F, Offiah AC. Is the Greulich
and Pyle atlas applicable to all ethnicities? A
systematic review and meta-analysis. Eur Radiol
2019; 29:2910-2923. doi: 10.1007/s00330-018-
5792-5

Schmeling A, Dettmeyer R, Rudolf E, et al. Forensic
age estimation. Dtsch “rztebl Int 2016; 113:
44-50.

Zafar AM, Nadeem N, HusenY, et al. An appraisal
of Greulich-Pyle Atlas for skeletal age assessment
in Pakistan. J Pak Med Assoc 2010; 60: 552-5.

Awais M, Nadeem N, Husen'Y, et al. Comparison
between Greulich-Pyle and Girdany-Golden
methods for estimating skeletal age of children in
Pakistan. J Coll Physicians Surg Pak 2014; 24:
889-93.

Maggio A, Flavel A, Hart R, et al. Assessment of
the accuracy of the Greulich and Pyle hand-wrist
atlas for age estimation in a contemporary
Australian population. Aust J Forensic Sci Taylor
& Francis2016; 618: 1-11.

Hackman L, Black S.The reliability of the Greulich
and Pyle atlas when applied to a modern Scottish
population. J Forensic Sci2013; 58: 114-9.

Serinelli S, Panetta V, Pasqualetti P, et al. Accuracy
of three age determination X-ray methods on the
left hand-wrist: a systematic review and meta-
analysis. Leg Med 2011; 13: 120-33.

Mansourvar M, Ismail MA, Raj RG, et al. The
applicability of Greulich and Pyle atlas to assess
skeletal age for four ethnic groups. JForensic Leg
Med 2014; 22: 26-9.

PJR January - March 2022; 32(1) 07




