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ABSTRACT 

Background: Bone age assessment is used to estimate skeletal maturity and may support paediatric growth evaluation, clinical interpretation, and forensic age estimation. Because the timing of ossification may vary by sex and population, population-specific observations are important. Objective: To assess bone age in Nigerian children using the ossification centres of the elbow and compare the earliest observed ages of appearance between males and females and with the reference standard used in the study. Methodology: This retrospective descriptive study evaluated 93 archived anteroposterior and lateral elbow radiographs from 48 males and 45 females aged 2 months to 11 years. Six secondary ossification centres—the capitellum, radial head, medial epicondyle, trochlea, olecranon, and lateral epicondyle—were assessed for radiographic appearance. Results: In males, the earliest observed ages were 2 months for the capitellum, 2 years for the radial head, 5 years for the medial epicondyle, 7 years for the trochlea, 9 years for the olecranon, and 11 years for the lateral epicondyle. In females, the corresponding ages were 3 months, 2 years, 3 years, 5 years, 9 years, and 11 years. The medial epicondyle and trochlea appeared earlier in females, while several centres were observed earlier than the reference ranges used in the study. Conclusion: The findings indicate sex-related and population-related variation in elbow ossification timing. Larger studies are needed before definitive Nigerian normative standards can be established.
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1. INTRODUCTION 
Bone age is an estimate of biological skeletal maturity based on the progressive changes that occur in bones during growth and development. Unlike chronological age, which is determined from an individual's date of birth, bone age reflects the developmental status of the skeleton and may therefore differ between children of the same chronological age. Radiographic assessment is based on recognisable changes in the appearance, size, shape, ossification, and maturation of selected bones. Bone-age assessment has applications in paediatrics, endocrinology, orthopaedics, growth evaluation, and forensic age estimation. Conventional methods include the Greulich-Pyle and Tanner-Whitehouse methods, although newer computer-assisted and artificial intelligence approaches are increasingly being investigated (Satoh, 2015; Martín Pérez et al., 2023; Gao et al., 2024). Recent external validation in a German paediatric cohort found close agreement between automated bone-age assessment and expert readers using the Greulich-Pyle method, supporting the use of clinically validated computer-assisted approaches in skeletal maturity assessment (Gräfe et al., 2024).
Skeletal maturation is influenced by genetic, hormonal, nutritional, environmental, and socioeconomic factors, and differences in these factors may contribute to variation in the rate of skeletal development. Sex is also an important consideration because maturation may occur at different rates in males and females. Consequently, bone-age standards developed from one population may not always provide equivalent estimates when applied to children from another population. A systematic review and meta-analysis reported differences in the applicability of the Greulich-Pyle method across ethnic groups, while a more recent systematic review showed that the precision and accuracy of radiological bone-age assessment vary across populations (Alshamrani et al., 2019; Martín Pérez et al., 2023). These findings emphasize the importance of considering population characteristics when interpreting radiographic skeletal maturity. Population-specific validation also remains important, as a recent paediatric study from the Canary Islands found that the accuracy of Greulich-Pyle-based bone-age assessment varied across developmental stages and between sexes (Martín Pérez et al., 2024).
This issue is particularly relevant to Nigerian children because relatively limited population-specific data are available on skeletal maturation. Udoaka et al. (2016) evaluated the applicability of the Greulich-Pyle atlas in Nigerian children using normal hand and wrist radiographs. Although the difference between the skeletal ages of the Nigerian children and the atlas standards was not statistically significant, skeletal age was greater than the expected atlas age in 77% of the children. The authors concluded that the Greulich-Pyle atlas could be applied to their study population, but their findings also demonstrate the importance of evaluating established standards against local data. Since the Greulich-Pyle method is based on hand and wrist radiographs, examination of skeletal maturation using another anatomical region may provide complementary information for Nigerian children (Udoaka et al., 2016). A study of Saudi children likewise compared Greulich-Pyle bone age with chronological age, further demonstrating the relevance of evaluating established skeletal-age atlases within the paediatric population in which they are applied (Albaker et al., 2021).
The elbow provides a useful anatomical region for evaluating skeletal development because it contains six major secondary ossification centres: the capitellum, radial head, medial epicondyle, trochlea, olecranon, and lateral epicondyle. Their development generally follows a recognisable sequence, although variations may occur. A retrospective study of 421 paediatric elbow radiographs found that deviations from the conventional CRITOL sequence occurred in a proportion of children and were significantly more common among girls (Goodwin et al., 2019). Similarly, a Brazilian study of 544 elbow radiographs from 439 children demonstrated that the ages of appearance and fusion of the ossification centres varied considerably and that several centers appeared earlier in girls than boys (Miyazaki et al., 2017). These findings indicate that the timing of elbow ossification is not an inflexible chronological process and may vary according to sex and population. Recent forensic literature further supports the use of ossification centres as indicators of biological maturity for age estimation, while emphasizing careful interpretation of imaging-based developmental findings (Siwan et al., 2024).
Recent studies have continued to demonstrate substantial age-related variation in the appearance of elbow ossification centres. Stöckell et al. (2021) demonstrated that assessment of ossification stages around the elbow can provide clinically useful information in the management of adolescent forearm fractures, while Yang et al. (2025), in a retrospective study of 8,007 children, reported sex-related differences in the age at which the six major elbow ossification centres became radiographically apparent. In their study, the appearance of the ossification centres occurred earlier in girls than boys in most developmental stages. Knowledge of these age-related patterns is important because normal ossification centres may otherwise be mistaken for fractures or other pathological findings on paediatric elbow radiographs (Stöckell et al., 2021; Yang et al., 2025).
The radiographic assessment of the elbow is therefore relevant not only to the estimation of skeletal maturity but also to the interpretation of normal paediatric anatomy. The gradual and sometimes irregular development of the ossification centres can create diagnostic challenges, particularly when radiographs are obtained following trauma. Normal developmental variants and differences in the sequence of ossification may mimic pathological findings if the expected age-related appearance is not recognised (Goodwin et al., 2019). Recent literature has also highlighted variations in the morphology of individual ossification centres, including the radial head and epicondyles, reinforcing the need for population-specific knowledge of normal skeletal development (Lee et al., 2020).
Despite the clinical and radiological importance of skeletal maturation, information concerning the development of the elbow ossification centres among Nigerian children remains limited. Available Nigerian research has mainly evaluated skeletal age using hand and wrist radiographs, while relatively little information is available regarding the age-related appearance of the six major ossification centres of the elbow in Nigerian children. Differences reported among populations indicate that established developmental standards should be interpreted with consideration of population and sex. Therefore, the present study was undertaken to assess the radiographic appearance of the capitellum, radial head, medial epicondyle, trochlea, olecranon, and lateral epicondyle in Nigerian children, determine their earliest observed ages of appearance according to sex, and compare the findings with published reference standards. The aim of this study was to radiologically assess bone age in Nigerian children using the ossification centres of the elbow region.

2. materialS and methods 

A retrospective descriptive study was conducted to assess bone age in Nigerian children using radiographs of the elbow region. The study used archived radiographic records obtained from the Radiology Departments of the University of Port Harcourt Teaching Hospital, Braithwaite Memorial Specialist Hospital, Pix Diagnostic Centre, Ebony Hospital, Port Harcourt, Federal Medical Centre, Bayelsa, Federal Medical Centre, Asaba, Delta State University Teaching Hospital, Oghara, University of Uyo Teaching Hospital, Uyo, and University of Nigeria Teaching Hospital, Enugu. The radiographs were obtained from the existing archives of these healthcare facilities and constituted secondary data for the study.
A total of 93 elbow radiographs of children comprising 48 males and 45 females, with chronological ages ranging from 2 months to 11 years, were included in the study. The radiographs consisted of anteroposterior and lateral views of the elbow region and demonstrated the relevant secondary ossification centres of the elbow, including the capitellum, radial head, medial epicondyle, trochlea, olecranon, and lateral epicondyle. The chronological age and sex of each subject were obtained from the documented demographic information accompanying the radiographic records. Where the date of birth was available, chronological age was determined from the date of birth and the date of radiographic examination.
Radiographs were selected using simple random sampling from the available eligible radiographic records. Only radiographs that had been reported as normal by a radiologist and had adequate documentation of the subject's age and sex were considered eligible. Radiographs were excluded if they demonstrated excessive radiation exposure, inadequate radiographic clarity, or lacked documented age or sex. Radiographs showing traumatic, infective, neoplastic, or other pathological osseous abnormalities were also excluded. Radiographs demonstrating dislocation or abnormalities involving the diaphyseal-epiphyseal region were similarly excluded because such abnormalities could interfere with the normal assessment of skeletal maturation.
For the radiographic assessment, the selected films were viewed on an illuminated viewing box under adequate illumination. The ossification centres of the elbow were systematically identified and evaluated on the anteroposterior and lateral radiographic views. The assessment focused on the presence or absence of the radial head, capitellum, medial epicondyle, trochlea, olecranon, and lateral epicondyle ossification centres. These structures were identified based on their characteristic radiopaque appearance on the radiographs. Ossified structures appeared as areas of increased radiodensity, whereas regions in which ossification had not yet occurred appeared relatively radiolucent.
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Figure 1: Radiograph of a 5 years old male elbow.
C= Capitulum; ME= Medial Epicondyle; T= Trochlea; LE= Lateral Epicondyle; RH= Radial Head; O= Olecranon

Each ossification centre was carefully examined and its presence or absence was recorded. The chronological age and sex corresponding to each radiograph were recorded alongside the observed developmental status of the ossification centres. The appearance of the individual ossification centres was subsequently related to the chronological age and sex of the subjects to assess the pattern of skeletal maturation within the study population. The sequence and age-related appearance of the elbow ossification centres were used as radiographic indicators of skeletal maturation and bone age. The data obtained from the radiographic assessment were recorded systematically for subsequent statistical analysis.

3. results and discussion

The results of the study were presented in figures and tables.

Figure 2: Sample size distribution

Table 1: Distribution of male radiographs of the elbow region by age and ossification status.
	Age (years)
	n
	C
	ME
	T
	LE
	RH
	O

	0-5m
	2
	+
	-
	-
	-
	-
	-

	6-11m
	3
	+
	-
	-
	-
	-
	-

	1
	4
	+
	-
	-
	-
	-
	-

	2
	6
	+
	-
	-
	-
	2+,4-
	-

	3
	6
	+
	-
	-
	-
	+
	-

	4
	1
	+
	-
	-
	-
	+
	-

	5
	4
	+
	2+,2-
	-
	-
	+
	-

	6
	5
	+
	+
	-
	-
	+
	-

	7
	5
	+
	+
	2+,3-
	-
	+
	-

	8
	6
	+
	+
	+
	-
	+
	-

	9
	2
	+
	+
	+
	-
	+
	1+,1-

	10
	2
	+
	+
	+
	-
	+
	-

	11
	2
	+
	-
	+
	+
	+
	+


[bookmark: _Hlk241131843]C= Capitulum; ME= Medial Epicondyle; T= Trochlea; LE= Lateral Epicondyle; RH= Radial Head; O= Olecranon ; n= Number of Radiographs; m= Months; += Ossification present in bone; -= Bone not ossified.

The earliest observed ages of appearance of the ossification centres in males were 2 months for the Capitulum, 5 years for the Medial Epicondyle, 7 years for the Trochlea, 11 years for the Lateral Epicondyle, 2 years for the Radial Head, and 9 years for the Olecranon.

Table 2: Distribution of female radiographs of the elbow region by age and ossification status.
	Age (years)
	n
	C
	ME
	T
	LE
	RH
	O

	0-5m
	2
	+
	-
	-
	-
	-
	-

	6-11m
	3
	+
	-
	-
	-
	-
	-

	1
	9
	+
	-
	-
	-
	-
	-

	2
	4
	+
	-
	-
	-
	2+,2-
	-

	3
	4
	+
	1+,3-
	-
	-
	+
	-

	4
	3
	+
	1+,2-
	-
	-
	+
	-

	5
	6
	+
	+
	1+,5-
	-
	+
	-

	6
	2
	+
	+
	1+,1-
	-
	+
	-

	7
	2
	+
	+
	1+,1-
	-
	+
	-

	8
	3
	+
	+
	2+,1-
	-
	+
	-

	9
	1
	+
	+
	+
	-
	+
	+

	10
	4
	+
	+
	+
	-
	+
	+

	11
	2
	+
	-
	+
	+
	+
	+


C= Capitulum; ME= Medial Epicondyle; T= Trochlea; LE= Lateral Epicondyle; RH= Radial Head; O= Olecranon ; n= Number of Radiographs; m= Months; += Ossification present in bone; -= Bone not ossified.
The earliest observed ages of appearance of the ossification centres in females were 3 months for the Capitulum, 3 years for the Medial Epicondyle, 5 years for the Trochlea, 11 years for the Lateral Epicondyle, 2 years for the Radial Head, and 9 years for the Olecranon.

Table 3: Earliest observed age of appearance of each ossification centre by sex.
	Ossification centre
	Male
	Female

	Capitulum
	2 months
	3 months

	Medial Epicondyle
	5 years
	3 years 

	Trochlea
	7 years
	5 years

	Lateral Epicondyle
	11 years
	11 years

	Radial Head
	2 years
	2 years

	Olecranon
	9 years
	9 years



Table 4: Comparison of the present study observations with published reference standards in males.
	Ossification Centre
	Nigerians
Present Study
	Standard (Vogt and Vikers, 1938)
	Differences

	Capitulum
	2 months
	8-12 months
	6-10 months

	Medial Epicondyle
	5 years
	5-7 years
	0-2 years

	Trochlea
	7 years
	8-9 years
	1-2 years

	Lateral Epicondyle
	11 years
	12-14 years
	1-3 years

	Radial Head
	2 years
	4-5 years
	2-3 years

	Olecranon
	9 years
	9-11 years
	0-2 years



Table 5: Comparison of the present study observations with published reference standards in females.
	Ossification Centre
	Nigerians
Present Study
	Standard (Vogt and Vikers, 1938)
	Differences

	Capitulum
	3 months
	6-8 months
	3-5 months

	Medial Epicondyle
	3 years
	3-5 years
	0-2 years

	Trochlea
	5 years
	7-9 years
	2-4 years

	Lateral Epicondyle
	11 years 
	12-14 years
	1-3 years

	Radial Head
	2 years
	3-5 years
	1-3 years

	Olecranon
	9 years
	8-11 years
	0-2 years



The present study assessed the radiographic appearance of six secondary ossification centres of the elbow in 93 Nigerian children, comprising 48 males and 45 females. The earliest observed appearance of the capitellum was 2 months in males and 3 months in females, followed by the radial head at 2 years in both sexes. The medial epicondyle was first observed at 5 years in males and 3 years in females, while the trochlea appeared at 7 years in males and 5 years in females. The olecranon was observed at 9 years in both sexes, whereas the lateral epicondyle was observed at 11 years in both sexes. The overall pattern was broadly consistent with the recognised progressive development of the elbow ossification centres, although the observed ages differed for some centers from those reported in other populations. Miyazaki et al. (2017), in a Brazilian study of 544 elbow radiographs, reported appearance intervals of 0–1 year for the capitellum, 2–6 years for the radial head, 2–8 years for the medial epicondyle, 5–11 years for the trochlea, 6–11 years for the olecranon, and 8–13 years for the lateral epicondyle. Thus, most of the earliest observed ages in the present Nigerian sample fall within the broader developmental ranges reported in the Brazilian population, although the capitellum and radial head were observed earlier in the present sample. Such differences may reflect variation in sample composition, population characteristics, and the cross-sectional nature of the present study rather than differences in the biological onset of ossification alone (Miyazaki et al., 2017).
Sex-related differences were observed in the present study, particularly for the medial epicondyle and trochlea. The medial epicondyle was first observed at 3 years in females compared with 5 years in males, while the trochlea was observed at 5 years in females compared with 7 years in males. In contrast, the capitellum, radial head, olecranon, and lateral epicondyle had the same or very similar earliest observed ages in both sexes. The earlier appearance of some ossification centres in females is consistent with evidence that skeletal maturation generally occurs earlier in girls than in boys. Miyazaki et al. (2017) reported that the appearance and fusion of most elbow ossification centres occurred earlier in girls than in boys, although the capitellum and radial head showed exceptions. Similarly, Goodwin et al. (2019) demonstrated sex-related differences in the sequence of elbow ossification, with variations from the conventional CRITOL sequence occurring significantly more frequently in girls. A large recent Chinese study involving 8,007 children also found that the age at which the six elbow ossification centres became visible was generally earlier in girls than in boys. These findings support the observation in the present study that sex should be considered when interpreting elbow skeletal maturation in children (Goodwin et al., 2019; Yang et al., 2025).
Comparison with the reference standard presented in the present study revealed that the Nigerian children generally demonstrated earlier observed appearance of the elbow ossification centres than the cited standard of Vogt and Vickers (1938). Among males, the capitellum was observed at 2 months compared with the reference range of 8–12 months, the radial head at 2 years compared with 4–5 years, the trochlea at 7 years compared with 8–9 years, and the lateral epicondyle at 11 years compared with 12–14 years. The medial epicondyle and olecranon showed smaller differences. A similar pattern was observed among females, with the capitellum, medial epicondyle, trochlea, lateral epicondyle, and radial head appearing at younger observed ages than the corresponding reference ranges, while the olecranon fell within the reported standard range. These findings should, however, be interpreted cautiously because the present study identifies the earliest observed appearance in a relatively small retrospective sample rather than the age at which 50% or another defined proportion of children develop an ossification centre. Nevertheless, the differences are consistent with evidence that skeletal maturation standards may vary between populations. A systematic review and meta-analysis by Alshamrani et al. (2019) demonstrated that the Greulich-Pyle standard does not perform identically across ethnic populations, while Grgic et al. (2020) found that children of African ancestry had, on average, more advanced skeletal age than children of European ancestry in the Generation R cohort. These findings reinforce the importance of considering population-specific variation when interpreting skeletal maturation.
The findings of the present study also differ in some respects from observations reported in other populations. In the Brazilian population studied by Miyazaki et al. (2017), the radial head appeared between 2 and 6 years, the medial epicondyle between 2 and 8 years, the trochlea between 5 and 11 years, and the olecranon between 6 and 11 years. The present Nigerian observations of 2 years for the radial head, 3–5 years for the medial epicondyle, 5–7 years for the trochlea, and 9 years for the olecranon fall within or toward the younger part of these Brazilian ranges. In a recent Chinese study of 8,007 children, the ages at which more than 50% of children demonstrated visible ossification were considerably later than the earliest ages observed in the present study; for example, the capitellum occurred at 19 months in boys and 13 months in girls, while the radial head occurred at 82 months in boys and 71 months in girls (Yang et al., 2025). The differences between these findings and the present study highlight the distinction between an earliest observed age and a population age at which a specified proportion of children demonstrate ossification. They also suggest that ethnicity, sex, environmental influences, and methodological differences can contribute to variation in skeletal maturation patterns. Studies of skeletal maturation in African populations similarly demonstrate that ethnicity and sex can influence the tempo and pattern of skeletal development (Grgic et al., 2020).
The findings are relevant to the interpretation of paediatric elbow radiographs in Nigerian children because recognition of the normal developmental appearance of the ossification centres is essential for distinguishing skeletal maturation from pathological abnormalities. The present study demonstrates that the six major elbow ossification centres were already radiographically identifiable at different stages of childhood and that the timing of their earliest observed appearance varied according to sex for some centers. The observed differences from the historical reference standard and from other populations support the need for caution when applying external skeletal-age standards directly to Nigerian children. This is particularly relevant because previous Nigerian research has primarily examined skeletal age using hand and wrist radiographs; Udoaka et al. (2016), for example, reported a small positive difference between skeletal age assessed with the Greulich-Pyle atlas and chronological age in Nigerian children, although the difference was not statistically significant. The present study therefore provides complementary information by examining the elbow rather than the hand and wrist. However, because of the relatively small sample size and retrospective cross-sectional design, the present findings should be regarded as preliminary population-specific observations rather than definitive normative ages for elbow ossification. Larger studies involving balanced age groups, adequate representation of both sexes, and statistical estimation of age-specific ossification probabilities would be useful for establishing more robust Nigerian reference data (Udoaka et al., 2016; Alshamrani et al., 2019).

4. Conclusion

Radiographic assessment of the elbow demonstrated age-related progression in the appearance of the six major secondary ossification centres among the 93 Nigerian children studied. The earliest observed appearances differed between sexes for some centres, particularly the medial epicondyle and trochlea, which were identified at younger ages in females than in males. The capitellum, radial head, olecranon, and lateral epicondyle showed the same or closely similar earliest observed ages in both sexes. Comparison with the historical reference standard used in the study also indicated that several ossification centres were observed at younger ages in this sample. These findings suggest that sex and population characteristics should be considered when interpreting skeletal maturation from paediatric elbow radiographs. However, because the study was retrospective, cross-sectional, and based on a relatively small sample, the reported earliest ages should be regarded as preliminary observations rather than definitive normative values. Larger, age-balanced multicentre studies are required to develop more robust reference data for Nigerian children.

Limitations

This study was limited by its retrospective, cross-sectional design and relatively small sample of 93 radiographs, with unequal representation across individual age groups. The analysis identified the earliest observed appearance of each ossification centre rather than estimating age-specific probabilities of ossification. Consequently, the findings should not be interpreted as definitive normative ages. Although radiographs were obtained from several healthcare facilities, larger samples with balanced age and sex distributions would improve the precision and generalisability of population-specific reference estimates.
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