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Abstract: The skeletal age (bone age) is the average age at which a particular stage of bone maturation is
achieved. The Greulich and Pyle standard is the commonest method used to assess the skeletal age using the
hand and wrist radiograph throughout the world. This atlas was composed solely from Caucasian
children using the orderly sequence of carpal ossification. Several authors have faulted this at/as for not being
suitable for other races.The aim of this study is to determine if the Greulich and Pyle At/as is applicable to
Nigerian children when compared to their chronological ages. The total number of 78 normal radiographs of
the hand and wrist of Nigerian children were used for this study from several hospitals. These radiographs were
compared with the atlas and their skeletal ages noted from the atlas. The child's chronological age in each was
also recorded. The result shows a mean increase of two months in the skeletal ages of the Nigerian children
compared to the at/as. This difference however was not significant.
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1. INTRODUCTION

The degree of maturation of a child's bones, as he grows from the foetal life throughout childhood,
puberty and finishes growth as a young adult can be viewed using radiographs. The bones of the
skeleton progressively change in size, shape and opacity till maturity. The skeletal age (bone age) is
therefore defined as the average age at which children reach a particular stage of bone maturation. The
Greulich and Pyle standard Atlas is a method of evaluating hand and wrist bone age. This atlas was
composed solely from Caucasian children in the 1930s *. This method has the advantage of simplicity
and availability of multiple ossification centres for the evaluation of bone maturity. It is presently the
most commonly used method for skeletal bone assessment throughout the world.

The skeleton especially that of the hand and wrist has the following advantages in assessing the
development of the child; these include readily visible changes associated with progressive maturity
on the radiographs, occurrence of ossification in orderly sequence. This sequence of chondrification
and subsequence ossification was first described in 1929% Ossification of the carpal bones in healthy
children moves in an anti-clockwise direction starting with Capitate-Hamate- Triquetrum-Lunate-
Trapezium-Trapezoid and Pisiform. The Scaphoid bone though not as constant would ossify pre or
post- trapezium?®. This variability of the Scaphoid, being very brief, (not exceeding three months) with
reference to the Trapezium and Trapezoid creates no great practical difficulty in the assessment of
hand radiographs. This orderly sequence of ossification covers the entire period from birth to early
adulthood and permitting direct comparison of children irrespective of differences in body sizes, this
has been confirmed by more extensive studie®®. These authors found a comparable regularity in the
order of chondrification of the other skeletal elements of the hand and wrist as well as in the order of
the appearance of their primary centres of ossification. This order of order onset of the ossification in
the carpals has also been observed from studies done in Jamaica" and Kenya’ This is an exception to
the rule where the ossification of the carpals occurs in a typical order as a result of childhood illness
and other unfavourable environmental factors®,

The skeletal age in the Greulich and Pyle Atlas corresponds to the chronological age at which the
children on which the standards were based usually attained the same degree of skeletal development.
This Atlas makes it possible to relate a child's skeletal age to chronological age. The chronological
age of a child before the second decade of life is often a measure of the length of time he or she has
lived on earth. Skeletal age therefore is useful to the physician in forming a judgment about
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the child's health and development status. This assessment is therefore important in the diagnosis of
paediatric growth disorders. The applicability of the Greulich and Pyle to different populations has
been studied extensively by several authors®, 10, 11. This is because of known racial, economic,
physical and other differences that exist in different populations. The objective of this study therefore,
is to compare the skeletal age and chronological age in Nigerians children in order to test the
applicability of the Greulich and Pyle standards in this specific population.

2. MATERIALS AND METHODS

Anterior-posterior radiographs of the left hand of children were employed in this. The radiographs
were randomly selected from the archives of the Radiology departments of University of Port
Harcourt Teaching Hospital, Port Harcourt, Nnamdi Azikiwe University Teaching Hospital,

Nnewi, The University of Nigeria Teaching Hospital, Enugu and Hopeville Orthopaedic Hospital,
Woji, Port Harcourt.

The radiographs were identified to be those of indigenous Nigerians. The left hand radiographs were
utilized in this study as the minor differences between the skeletal ages of the two hands are
insignificant. The radiographs were viewed with a viewing box in each case to rule out fractures and
other visible anthologies which had probably led to interrupted growth. The biodata was collected
from the X-Ray jackets and confirmed from the records kept by the various departments. Each
radiograph selected was then compared with the standard of the same sex and nearest chronological
age in the atlas. Secondly, the films were then compared with adjacent standards, both older and
younger than the one of the nearest chronological age. Then the standard nearest in comparison was
then selected. This selection depended upon changes in the shape of the bones and on other skeletal
features visible I the list of maturity indicators.

After finding the standards that resemble most closely the radiographs to be assessed, a more detailed
comparison of the individual bones and epiphyses visible in them was made. The skeletal age of each
radiograph was then recorded together with the child's chronological age.

Statistical analysis included frequency distribution percentages and square (x2) was used to test the
level of significance.

3. RESULTS

From Table 1, the mean skeletal age of the studied group was seen to be 7 years and 4 months (7.30
years with a standard deviation of 1.97), while the mean chronological age was 7 years and 2 months
(7.20 years with a standard deviation of 0.22). this shows a mean increase of the skeletal age compare
with the study group's chronological age. The skeletal age of the Nigerian children though averagely

two months more than their chronological was not statistically significant (x2 = 0.27 P = 0.05 Not
Significant). The result also shows that the skeletal bone maturity occurred much more in ages (0 - 2
years) than the chronological age giving a deficit of 2 children (in the frequency under skeletal
age) moving to the next age range and the pre/early pubertal age of 12 - 14 years which also recorded
a deficit of 1 child, moving to the next category. The rest of the age ranges had same frequency with
only minor differences in months. Altogether 77% of the children had greater insignificant skeletal
maturity.

Table 1, showing the age range, frequency of occurrence of Skeletal ages using the radiographic atlas
of Greulich and Pyle and the frequency of occurrence of the Chronological ages of the children.

Age range (years) Skeletal age Frequency Chronological age
Frequency
0-2 20 22
3-5 21 19
6-6 6 6
9-11 8 8
12 -14 10 11
15 -17 11 10
18-20 2 2

Mean Skeletal Age .30 years; SD 1.97
Mean Chronological Age 7.20 years; SD 0.2
X2=0.27; P = 0.05 Not Significant Mean discrepancy between Skeletal and Chronological age is two months.
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4. DISCUSSION

This study has shown a mean increase of 2 months though not significant (p>0.05) in the skeletal ages
of Nigerian children when compared to the group (Caucasian children) that were used to compile the
Greulich and Pyle Atlas. The skeletal age (in months) was greater than the chronological age in 77%
of the children.

This study corroborates a study done in 1993, 34 years after the work of Greulich and Pyle on black
and white children in the same geographic area from where the atlas originated. There were minor
variables noted in the African American girls who were more skeletally advanced by four to eight
months compared with - the atlas for most of their growing period™. In another study of children of
European descent had significantly delayed skeletal maturity when compared with those of African
descent and post- pubertal European American males had significantly advanced skeletal maturity
when compared with post-pubertal African American males.

The applicability of the atlas to different populations has also been investigated. A study of the atlas
compared with Malawian children showed significant mean reduction in skeletal age, this was
attributed to inadequate nutrition leading to skeletal delay™. This was also the conclusion from an
earlier study by Fleshman® though he was unable to show statistically significant support for this
hypothesis.

The Greulich and Pyle standard, when compared with Central European children was found to be
reliable and as such suitable for assessing them®®. This was also corroborated by a study of Dutch
children9. In another study on Taiwanse children, there was retardation of bone age when compared
with the atlas before puberty followed by an increase after puberty*’.

Knowledge of skeletal age in children is important and especially useful in paediatric endocrinology,
orthopeadics, forensic anthropology and sports medicine. In children for whom hormonal therapy is
being considered, time of initiation and duration of therapy rely on accurate assessment of skeletal
age.

In conclusion, the bone age of Nigerian children, though more advances than the Greulich and Pyle
standards by 2 months is not statistically significant and as a result this study finds the radiographic
atlas of Greulich and Pyle suitable for assessing Nigerian children.

5. CONCLUSION

The mean skeletal age of Nigerian children though more than the standard in the atlas is not
statistically significant, as a result the study finds the radiographic atlas of Greulich and Pyle atlas
applicable to Nigerian children.
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