
Protocol Article

Evaluation of skeletal age based on Greulich-Pyle
method in Tehran

Mohammadreza Ebrahimzadea, Dariush Rahbanb,
Aarman Baboli Bahmaeic, Safdar Masoumid, Vahid Changizie,
Mohammad Mirdoraghie,*
aDepartment of Anatomy, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran
bDepartment of Nanomedicine, School of Advanced Medicine Technology, Tehran University of Medical
Sciences, Iran
cNursing and Emergency Department, Dezful University of Medical Sciences, Dezful, Iran
dDepartment of Epidemiology and Biostatistics, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran
eDepartment of Radiology and Radiotherapy Technology, School of Allied Health Sciences, Tehran University
of Medical Sciences, Tehran, Iran

A B S T R A C T

Although bone age plays a special role in determining the child’s age, there are some variations in skeletal growth
of different people. The aim of this study was to compare the bone age with chronological age of children aged 2–
18 years old in order to recognize whether Greulich-Pyle (GP) method could be reliable for Iranian children? The
standard radiograph of Left hand was taken in 40 healthy subjects, then the bone age was determined according to
GP. Mean � SD bone ages were delayed 1.12 � 0.65, 0.82 � 1.34 and 0.10 � 0.51 years than the mean chronological
ages in 2.99–5.99, 10–13.99 and 14–17.99 age group, respectively; and advanced �0.33 � 3.12 years in the 6–9.99
age group. In BMI levels <18.5, 18.5–24.9, 25–29.9 and �30, Mean � SD bone ages in males were delayed
2.25 � 0.21, 0.14 � 0.55, 0.87 � 0.41 and 4.05 � 0.70 years than the mean chronological ages, respectively. In BMI
range of 18.5–24.9 and BMI � 30, Mean � SD bone age in females was delayed 0.50 � 0.49 and 0.45 � 0.63 years
than the mean chronological ages, respectively. For BMI < 18.5, Mean � SD bone age in females were advanced
�0.40 � 2.69 years than mean chronological ages. Considering these differences, Iranian boys may have a
different pattern of bone growth from GP standards.
© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

A R T I C L E I N F O
Protocol name: Determining of skeletal age based on Greulich-Pyle
Keywords: Bone age, Chronological age, Greulich-Pyle (GP)
Article history: Received 9 May 2019; Accepted 5 June 2019; Available online 25 June 2019

* Corresponding author.
E-mail address: mirdoraghimohammad@yahoo.com (M. Mirdoraghi).

https://doi.org/10.1016/j.mex.2019.06.004
2215-0161/© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

MethodsX 6 (2019) 1543–1546

Contents lists available at ScienceDirect

MethodsX

journal homepage: www.elsevier.com/locate/mex

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mex.2019.06.004&domain=pdf
mailto:mirdoraghimohammad@yahoo.com
https://doi.org/10.1016/j.mex.2019.06.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.mex.2019.06.004
http://www.sciencedirect.com/science/journal/22150161
www.elsevier.com/locate/mex


P

�

�

�

�

D

a
M
M

1

Specifications Table
Subject area: Medical physics.
More specific subject
area:

Evaluation of skeletal age based on Greulich-Pyle method.

Type of data: Graph, table.
Protocol name: Determining of skeletal age based on Greulich-Pyle.
Experimental design: To compare bone age with chronological age, 40 children were randomly selected. After receiving

informed consent from patients and their parents, radiograph of the left wrist and hand was taken.
Based on GP, all radiographs were reported by a radiologist who was of the patient’s chronological
age [1–4].

Value of the Protocol
Determining of skeletal age based on Greulich-Pyle method, recognizing the differences in skeletal growth of Iranian
children compared with GP method.

rotocol data

 The data demonstrate that variations in skeletal growth in children aged 6–9.99 and 10–13.99 years
old are greater than those evaluated by the Greulich and Pyle atlas, and that there are significant
differences between bone and chronological ages.

 The categorizing groups based on BMD shows a great differences among our Mean � SD
chronological and bone ages in those male subjects who are underweight (BMD < 18.5) and obese
(BMI � 30). The Mean � SD of difference of bone and chronological ages in male normal children
(18.5 � BMI � 24.9) and overweight children (25 � BMI � 29.9) were 0.14 � 0.55 and
0.87 � 0.41 years, respectively.

 The Mean � SD difference of chronological and bone ages in female subjects that are underweight,
normal, and obese is �0.40 � 2.69, 0.50 � 0.49 and 0.45 � 0.63, respectively.

 The variation in skeletal growth of Iranian children and children’s group that the GP Atlas was taken
could be related to environmental, economic, social, cultural and racial differences. Although this
discrepancy is greater in boys than girls, so it may be affected by gender in Iran. Thus, GP Atlas could
be more accurate to determine bone age in Iranian girls than boys.

escription of protocol

The Mean � SD bone and chronological ages, weight, height and BMI of subjects based on gender
re presented. Although the Mean � SD BMI in boys was more than girls, the difference between
ean � SD chronological and bone age in boys was lower than that of girls. The difference of
ean � SD of chronological and bone ages in group 1 was more than other aged grouped (Table 1,

Table 1
Mean � SD age and anthropometric characteristics of 40 healthy children.

Girls Boys

n 24 15
Bone age (y) 10.59 � 3.22 9.16 � 4.46
Chronological age 10.55 � 2.73 10.30 � 3.93
Weight (kg) 36.87 � 11.96 38.93 � 16.27
Height (cm) 1.37 � 23.03 1.27 � 34.82
BMI (kg/m2) 20.28 � 8.37 23.64 � 5.29
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Fig. 1). Also, the highest Mean � SD BMI was observed in group 3 (Table 2). The number of male
subjects and Mean � SD chronological and bone ages according to BMI ranges are shown in Table 3. In
the BMI < 18.5, 18.5 � BMI � 24.9, 25 � BMI � 29.9 and BMI � 30, Mean � SD bone ages in boys were
�0.40 � 2.69, 0.50 � 0.49, 0.45 � 0.63, 4.05 � 0.70 years delayed than the Mean � SD chronological
ages, respectively. Also, Mean � SD chronological and bone ages in girls according to BMI ranges are
shown in Table 4. In the BMI < 18.5, 18.5 � BMI � 24.9 and BMI � 30 groups of girls, Mean � SD bone
ages were –0.40 � 2.69, 0.50 � 0.49, 0.45 � 0.63 years delayed than the Mean � SD chronological ages,
respectively. In the 10–13.99 years age group, mean bone age was delayed 1.34 � 0.31 years than mean
chronological age, and it was statistically significant (Table 5) (P = 0.018).

Fig. 1. The distribution of chronological ages and skeletal ages according to the Greulich-Pyle atlas for each age group.

Table 2
Mean � SD chronological age, bone age, difference between chronological age and bone age, and BMI in healthy individuals of
aged grouped.

Age groups n Chron. age (y) Bone age (y) Df of both age BMI

2.99–5.99 4 4.27 � 1.32 3.15 � 1.28 1.12 � 0.65 20.46 � 7.31
6–9.99 11 8.46 � 0.81 8.80 � 3.03 �0.33 � 3.12 21.24 � 11.46
10–13.99 18 11.53 � 1.30 10.71 � 2.00 0.82 � 1.34 22.16 � 5.83
14–18 6 15 � 1.24 14.90 � 1.74 0.10 � 0.51 21.15 � 2.89

Table 3
Mean � SD chronological age, bone age, weight, and height in healthy boys of Aged grouped.

BMI groups n Chron. age (y) Bone age (y) Mean � SD difference (y)

<18.5 2 7.75 � 3.74 5.50 � 3.53 2.25 � 0.21
18.5–24.9 7 12.08 � 2.88 11.94 � 3.27 0.14 � 0.55
25–29.9 4 8.07 � 5.68 7.20 � 5.67 0.87 � 0.41
�30 2 11.05 � 0.070 7.00 � 0.00 4.05 � 0.70
Total 15 10.30 � 3.93 9.16 � 4.46 1.14 � 1.44

Table 4
Mean � SD chronological age, bone age, weight, and height in healthy girls of Aged grouped.

BMI groups n Chron. age (y) Bone age (y) Mean � SD difference (y)

<18.5 14 10.10 � 2.50 10.50 � 3.30 �0.40 � 2.69
18.5–24.9 8 11.87 � 2.94 11.37 � 3.18 0.50 � 0.49
�30 2 8.50 � 2.12 8.05 � 2.75 0.45 � 0.63
Total 24 10.55 � 2.73 10.59 � 3.22 �0.03 � 2.09
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aterials and methods

The aim of this methodology is to determine the differences between bone age and chronological
ge in Iranian children which could lead more accurate estimation of bone age. To compare bone age
ith chronological age, 40 children were randomly selected. Subjects aged between 2 and 18 years

iving in Tehran City, Iran. Exclusion criteria were history of systemic diseases more than 1 month,
istory of chronic systemic diseases, history of hospitalization for more than a week, and people with
eight or weight above the percentile of 97% or below 3 percent percentile. After receiving informed
onsent from patients and their parents, radiograph of the left wrist and hand was taken. Based on GP
5], all radiographs were reported by a radiologist who was of the patient’s chronological age. These
ndividuals were divided into four groups: 2–5.99, 6–9.99, 10–13.99 and 14–18 years old.

tatistical analysis

The normality of data was checked out by Shapiro–Wilk Test. For each group, mean � SD of bone
ge, chronological age, weight, height and BMI (Body Mass Index) were determined; then data were
nalyzed using One-Sample T-Test by SPSS.

onclusion

Although GP method is reliable and known method, there are some variations in skeletal growth of
he Iranian children and children’s group that the GP Atlas was taken that could be related to
nvironmental, economic, social, cultural and racial differences. Since this discrepancy is greater in
oys than girls, it may be affected by gender in Iran. Therefore, GP Atlas could be more accurate to
etermine bone age in Iranian girls than boys.
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able 5
ifferences between bone age and chronological age in healthy Iranian children, grouped by age grouped.

Age n Chronological ages
(years~SD)

Skeletal ages
(years~SD)

Differences
(years~SD)

BMI T P-value df

2–5.99 4 1.32 � 0.66 3.15 � 2.56 0.65 � 0.32 20.46 � 7.31 3.43 0.41 3
6–9.99 11 0.81 � 0.24 8.80 � 10.01 3.12 � 0.94 21.24 � 11.46 �0.35 0.072 10
10–
13.99

18 1.30 � 0.30 10.71 � 8.46 1.34 � 0.31 22.16 � 5.83 2.60 0.018 17

14–18 6 1.24 � 0.50 14.90 � 4.26 0.51 � 0.21 21.15 � 2.89 0.47 0.65 5
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