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ABSTRACT

Background: Skeletal maturation is influenced by population, sex and environmental factors. Therefore, reference standards may not accurately reflect developmental patterns. Assessment of shoulder ossification centres may provide indicators of skeletal maturity. The aim of the study was to assessed the chronological appearance of ossification centres in the shoulder region among Nigerian children and compared observed ages with established reference standards.
Methodology: A radiographic study was conducted using shoulder and upper-arm radiographs of Nigerian children aged 1 month –15 years. The ossification status of nine centres; medial end of the clavicle, coracoid process, glenoid cavity, inferior angle and medial border of the scapula, acromion process, and head, greater tubercle and lesser tubercle of the humerus, was assessed by age and sex. Observed ages were compared descriptively with established standards.
Results: In males, the ages of appearance were 2 months for the coracoid process and head of the humerus, 2 years for the greater tubercle, 3 years for the lesser tubercle, 12 years for the glenoid cavity, 13 years for the inferior angle, acromion process and medial border of the scapula, and 14 years for the medial end of the clavicle. In females, corresponding ages were 1 month, 1 month, 1 year, 4 years, 10 years, 10 years, 12 years, 10 years and 14 years, respectively. Several centers appeared earlier than reference standards.
Conclusion: The findings demonstrate a sequential pattern of shoulder-region ossification and sex-related differences in observed timing among Nigerian children. Larger studies with evenly distributed samples are needed to establish population-specific reference values for skeletal maturation assessment.
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1. INTRODUCTION 

Skeletal age is an established indicator of biological maturation that reflects the developmental status of the skeleton relative to chronological age. Whereas chronological age is determined from the date of birth, skeletal age is estimated from radiographic features of skeletal development, particularly the appearance, growth, morphological transformation, and eventual fusion of ossification centres. The assessment of skeletal maturity is important in paediatric growth evaluation, paediatric endocrinology, orthopaedics, growth prediction, and selected forensic and anthropological applications (Acheson et al., 1966; Roche, 1989; Tanner et al., 1975; Satoh, 2015; Malina et al., 2021). The two most widely recognized approaches are the Greulich–Pyle atlas method and the Tanner–Whitehouse scoring system. The Greulich–Pyle method uses an overall comparison of the radiograph with age- and sex-specific reference images, whereas the Tanner–Whitehouse approach evaluates individual bones according to defined stages of maturation and converts the resulting maturity score into skeletal age (Milner et al., 1986; Bull et al., 1999; Satoh, 2015; Pinchi et al., 2014). Although these methods remain widely used, skeletal age is not an exact measure of chronological age and is subject to biological variation as well as methodological and observer-related differences (Acheson et al., 1966; Bull et al., 1999; Gertych et al., 2007; Grover et al., 2021).
An important consideration in skeletal-age assessment is the reference population from which a standard was derived. The original Greulich–Pyle standards were developed from radiographs collected in the United States during the first half of the twentieth century, principally involving children from the Cleveland area, and the reference sample was predominantly composed of White children from relatively advantaged socioeconomic backgrounds. Consequently, the applicability of these standards to children from different populations and to contemporary populations has been investigated extensively (Loder et al., 1993; Ontell et al., 1996; Mora et al., 2001; Alshamrani et al., 2019). Loder et al. (1993), in a study of 841 Black and White children, demonstrated differences between skeletal and chronological age across sex and age groups, suggesting that the Greulich–Pyle standards did not perform uniformly across the populations studied. Ontell et al. (1996) similarly reported differences in the relationship between skeletal and chronological age among children of diverse ethnic backgrounds. Mora et al. (2001), using hand and wrist radiographs from 534 healthy American children of European and African descent, also demonstrated population-related differences in the performance of the Greulich–Pyle method. More recently, Alshamrani et al. (2019), in a systematic review and meta-analysis involving 49 studies and more than 21,000 children, found that the applicability of the Greulich–Pyle standard varied among population groups, with significant differences between bone age and chronological age reported particularly in some African and Asian subgroups. These findings indicate that a skeletal-age standard should be evaluated within the population in which it is applied rather than assumed to have identical accuracy across all populations (Schmeling et al., 2000; Mora et al., 2001; Alshamrani et al., 2019). 
Variation in skeletal maturation is, however, more complex than a simple difference between ethnic groups. Skeletal development is influenced by sex, nutrition, health status, socioeconomic circumstances, environmental conditions, pubertal development, genetic background, and secular changes in growth and maturation (Schmeling et al., 2000; Cameron et al., 2005; Hawley et al., 2012; Cole et al., 2015). Historical investigations in African populations have demonstrated that the sequence and tempo of skeletal maturation may differ from reference populations used to construct commonly applied standards. MacKay (1952), for example, investigated skeletal maturation in 1,360 East African children and demonstrated sex differences in maturation and differences in maturation rates compared with American reference data. Masse and Hunt (1963) similarly examined skeletal maturation of the hand and wrist in West African children, providing early evidence that skeletal development should be evaluated in relation to the characteristics of the population being studied. In contemporary South Africa, Hawley et al. (2012) demonstrated that relative skeletal maturity was associated with environmental and socioeconomic factors, while Cole et al. (2015), using longitudinal data from the Birth to Twenty cohort, demonstrated sex-related differences in skeletal maturation and a difference in maturation timing between Black and White boys. More recently, Grgic et al. (2020), using data from the Generation R cohort, reported differences in skeletal age according to geographic and genetic ancestry in a large multiethnic European population. Although the authors emphasized that the mechanisms underlying such differences involve both genetic and environmental contributions. Thus, population variation in skeletal maturation should be interpreted within the broader biological and environmental context rather than attributed exclusively to ethnicity (MacKay, 1952; Masse & Hunt, 1963; Hawley et al., 2012; Cole et al., 2015; Grgic et al., 2020).
Studies of normal paediatric shoulder development have demonstrated that the humeral head, greater and lesser tuberosities, glenoid region, coracoid process, acromion, inferior angle of the scapula, medial border of the scapula, and medial and lateral aspects of the clavicle undergo progressive and, in several instances, relatively predictable changes with age (Kim, 1998; Kwong et al., 2014; Kothary et al., 2014; Li et al., 2018). Kim (1998), in a large radiographic study of infants, demonstrated regular age-related maturation of the proximal humeral epiphyseal ossification centre during the first two years of life. Similarly, Kwong et al. (2014) described the developmental characteristics of the proximal humerus in the paediatric population, while Kothary et al. (2014) documented the sequential development of the glenoid and glenoid-coracoid interface. 
Li et al., (2018) demonstrated that humeral-head ossification patterns could be used to characterize skeletal maturity and predict the timing of peak height velocity and the amount of growth remaining. Similarly, a study of shoulder radiographs by Schaefer et al. (2015) documented the appearance and union of the proximal humerus, acromial process, and coracoid angle/apex and proposed developmental phases that could assist age assessment in adolescents and young adults. Research on the acromioclavicular region has also demonstrated age-related development of the acromion and coracoid process, with differences in the timing of ossification between males and females (Lee et al., 2014). Studies of the medial clavicular epiphysis have further demonstrated that its progressive ossification and fusion are associated with chronological age and can provide useful developmental information, particularly during adolescence (Schulze et al., 2006; Wittschieber et al., 2017; Engler et al., 2025). 
The need for locally relevant skeletal maturation data is particularly important in Nigeria, where published radiological data describing the age-related development of shoulder ossification centres in children remain limited. Udoaka et al. (2016) assessed the applicability of the Greulich–Pyle atlas to Nigerian children using 78 normal hand and wrist radiographs and reported that the mean skeletal age was approximately two months greater than the atlas standard, although the difference was not statistically significant. Furthermore, the existence of evidence from other African populations demonstrating variation in skeletal maturation emphasizes the need for additional data derived directly from Nigerian children (MacKay, 1952; Masse & Hunt, 1963; Mora et al., 2001; Cole et al., 2015; Udoaka et al., 2016). 
Establishing the relationship between chronological age and the appearance of ossification centres in the shoulder could provide useful population-specific reference information for Nigerian children. The present study consequently assessed archived normal anteroposterior shoulder radiographs of Nigerian children and examined the appearance of ossification centres involving the clavicle, scapula, and proximal humerus in relation to chronological age and sex. The aim of this study was to determine age based on the appearance of ossification centres in the shoulder region of normal Nigerian children.

2. material and methods

2.1 Study Design and Setting
A retrospective descriptive study was conducted to assess the skeletal age of Nigerian children based on the radiographic appearance of ossification centres of the shoulder region. The study utilized archived shoulder radiographs 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.
2.2 Study Population and Sample
A total of 104 shoulder radiographs of Nigerian children were included in the study, comprising 57 males and 47 females. The children ranged in age from 1 day to 15 years. The radiographs were retrieved from the archives of the participating hospitals and diagnostic centres.
The radiographs assessed were anteroposterior (AP) views of the shoulder joint. The radiographs demonstrated relevant anatomical structures and ossification centres of the shoulder region, including the lateral and medial ends of the clavicle, coracoid process, glenoid cavity, inferior angle of the scapula, acromion, medial border of the scapula, head of the humerus, greater tuberosity, and lesser tuberosity.
2.3 Selection Criteria
The inclusion criteria comprised radiographs that had been reported as normal by a radiologist, were obtained from children with documented age and sex, and adequately visualized the shoulder region to permit reliable assessment of the relevant ossification centres. Radiographs were excluded if they showed excessive radiation exposure resulting in inadequate image quality, poor image clarity that prevented reliable identification of anatomical structures or ossification centres, lacked documented age or sex, demonstrated traumatic, infective, or neoplastic abnormalities involving the bones of the shoulder region, or showed dislocation or other abnormalities involving the diaphyseal–epiphyseal region that could interfere with the assessment of skeletal maturation.
2.4 Sampling Technique
Simple random sampling was used to select eligible radiographs from the available archived records. Only radiographs that satisfied the predefined inclusion and exclusion criteria were selected for analysis.
2.4 Radiographic Assessment
The chronological age and sex of each child were obtained from the documented date of birth or recorded age and sex in the hospital records. Chronological age was determined based on the documented age at the time the radiograph was obtained.
The radiographs were examined on an illuminated viewing box under adequate illumination. The radiographic appearance of the ossification centres was assessed based on their radiodensity. Ossified structures appeared radiopaque (white) on the radiographs, whereas regions in which ossification had not occurred appeared relatively radiolucent (dark).
The radiographs were systematically examined for the presence and development of the selected ossification centres of the clavicle, scapula, and humerus. Each ossification centre was carefully identified and its presence or absence was recorded in relation to the documented chronological age and sex of the child.
[image: ]
Figure 1: Radiograph of a 3 months old male.
ME= Medial End of Clavicle; CP= Coracoid Process; G= Glenoid Cavity; IA= Inferior Angle of Scapula; A= Acromion Process; MB= Medial Border of Scapula; HH= Head of Humerus; GT= Greater Tubercle; LT= Lesser Tubercle


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 shoulder region by age and ossification status.
	Age (years)
	n
	ME
	CP
	GC
	IA
	AP
	MB
	HH
	GT
	LT

	0-5m
	5
	-
	+
	-
	-
	-
	-
	+
	-
	-

	6-11m
	6
	-
	+
	-
	-
	-
	-
	+
	-
	-

	1
	5
	-
	+
	-
	-
	-
	-
	+
	-
	-

	2
	11
	-
	+
	-
	-
	-
	-
	+
	8+,3-
	-

	3
	5
	-
	+
	-
	-
	-
	-
	+
	+
	1+,4-

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

	5
	1
	-
	+
	-
	-
	-
	-
	+
	+
	+

	6
	1
	-
	+
	-
	-
	-
	-
	+
	+
	+

	7
	4
	-
	+
	-
	-
	-
	-
	+
	+
	+

	8
	2
	-
	+
	-
	-
	-
	-
	+
	+
	+

	9
	2
	-
	+
	-
	-
	-
	-
	+
	+
	+

	10
	2
	-
	+
	-
	-
	-
	-
	+
	+
	+

	11
	2
	-
	-
	-
	-
	-
	-
	+
	-
	+

	12
	3
	-
	+
	2+, 1-
	-
	-
	-
	+
	+
	+

	13
	3
	-
	+
	+
	+
	2+, 1-
	2+, 1-
	+
	+
	+

	14
	1
	+
	+
	+
	+
	+
	+
	+
	+
	+

	15
	2
	+
	+
	+
	+
	+
	+
	+
	+
	+


[bookmark: _Hlk241131843]ME= Medial End of Clavicle; CP= Coracoid Process; GC= Glenoid Cavity; IA= Inferior Angle of Scapula; AP= Acromion Process; MB= Medial Border of Scapula; HH= Head of Humerus; GT= Greater Tubercle; LT= Lesser Tubercle; n= Number of Radiographs; m= Months; += Ossification present in bone; -= Bone not ossified.

Earliest observed age of appearance of the ossification centre in males: Medial End of Clavicle is 14 years, Coracoid Process is 2 months, Glenoid Cavity is 12 years, Inferior Angle of Scapula is 13 years; Acromion Process is 13 years, Medial Border of Scapula is 13 years, Head of Humerus is 2 months, Greater Tubercle is 2 years, Lesser Tubercle is 3 years (Table 1).
Table 2: Distribution of female radiographs of the shoulder region by age and ossification status.
	Age (years)
	n
	ME
	CP
	GC
	IA
	AP
	MB
	HH
	GT
	LT

	0-5m
	10
	-
	+
	-
	-
	-
	-
	+
	-
	-

	6-11m
	3
	-
	+
	-
	-
	-
	-
	+
	-
	-

	1
	7
	-
	+
	-
	-
	-
	-
	+
	4+,2-
	-

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

	3
	5
	-
	+
	-
	-
	-
	-
	+
	+
	-

	4
	1
	-
	+
	-
	-
	-
	-
	+
	+
	+

	5
	3
	-
	+
	-
	-
	-
	-
	+
	+
	+

	6
	2
	-
	+
	-
	-
	-
	-
	+
	+
	+

	7
	1
	-
	+
	-
	-
	-
	-
	+
	+
	+

	8
	2
	-
	+
	-
	-
	-
	-
	+
	+
	+

	9
	NA
	
	
	
	
	
	
	
	
	

	10
	3
	-
	+
	2+,1-
	2+,1-
	-
	1+,2-
	+
	+
	+

	11
	1
	-
	-
	-
	-
	-
	-
	+
	-
	+

	12
	2
	-
	+
	+
	1+,1-
	1+,1-
	+
	+
	+
	+

	13
	NA
	
	
	
	
	
	
	
	
	

	14
	1
	+
	+
	+
	+
	+
	+
	+
	+
	+

	15
	NA
	
	
	
	
	
	
	
	
	


ME= Medial End of Clavicle; CP= Coracoid Process; GC= Glenoid Cavity; IA= Inferior Angle of Scapula; AP= Acromion Process; MB= Medial Border of Scapula; HH= Head of Humerus; GT= Greater Tubercle; LT= Lesser Tubercle; n= Number of Radiographs; m= Months; += Ossification present in bone; -= Bone not ossified; NA= Radiograph not available
Earliest observed age of appearance of the ossification centre in females: Medial End of Clavicle is 14 years, Coracoid Process is 1month, Glenoid Cavity is 10 years, Inferior Angle of Scapula is 10 years; Acromion Process is 12 years, Medial Border of Scapula is 10 years, Head of Humerus is 1month, Greater Tubercle is 1 years, Lesser Tubercle is 4 years (Table 2).
Table 3: Earliest observed age of appearance of each ossification centre by sex.
	Ossification centre
	Male
	Female

	Medial end of clavicle
	14 years
	14 years

	Coracoid process
	2 months
	1 month

	Glenoid cavity
	12 years
	10 years

	Inferior angle
	13 years
	10 years

	Acromion
	13 years
	12 years

	Medial border
	13 years
	10 years

	Head of humerus
	2 months
	1 month

	Greater tubercle
	2 years
	1 year

	Lesser tubercle
	3 years
	4 years



Table 4: Comparison of Nigerian observations with published reference standards in males.
	Ossification Centre
	Nigerians
Present Study
	Standard (Luijkx et al., 2013; McMinn, 1994)
	Differences

	Medial End of Clavicle
	14
	15
	1

	Coracoid Process
	2 months
	12-18 months
	10-16 months

	Acromion Process
	13
	14
	1

	Inferior Angle of Scapula
	13
	14
	1

	Medial Border of Scapula
	13
	14
	1

	Glenoid Cavity
	12
	10-11
	1-2

	Head of Humerus
	2 months
	12 months
	10 months

	Greater Tubercle
	2
	3
	1

	Lesser Tubercle
	3
	5
	2



Table 5: Comparison of Nigerian observations with published reference standard in females.
	Ossification Centre
	Nigerians
Present Study 
	Standard (Luijkx et al., 2013; McMinn, 1994)
	Differences

	Medial End of Clavicle
	14yrs
	15yrs
	1yr

	Coracoid Process
	1 month
	12-18 months
	11-17 months

	Acromion Process
	12yrs
	14yrs
	2yrs

	Inferior Angle of Scapula
	10yrs
	14yrs
	4yrs

	Medial Border of Scapula
	10yrs
	14yrs
	4yrs

	Glenoid Cavity
	10yrs
	10-11yrs
	0-1yr

	Head of Humerus
	1 month
	12 months
	11 months

	Greater Tubercle
	1yr
	3yrs
	2yrs

	Lesser Tubercle
	4yrs
	5yrs
	1yr



The present study demonstrated a sequential pattern of appearance of ossification centres in the upper arm and shoulder region of Nigerian children, with substantial variation in the timing of appearance among the individual centres. In both males and females, the head of the humerus and coracoid process were among the earliest centres identified, being demonstrable during infancy, whereas the greater and lesser tubercles appeared during early childhood and the glenoid cavity, inferior angle of the scapula, acromion process, medial border of the scapula, and medial end of the clavicle appeared later. In males, the reported ages of appearance were approximately 2 months for the head of the humerus and coracoid process, 2 years for the greater tubercle, 3 years for the lesser tubercle, 12 years for the glenoid cavity, 13 years for the inferior angle, acromion process and medial border, and 14 years for the medial end of the clavicle. In females, the corresponding ages were approximately 1 month for the head of the humerus and coracoid process, 1 year for the greater tubercle, 4 years for the lesser tubercle, 10 years for the glenoid cavity, inferior angle and medial border, 12 years for the acromion process, and 14 years for the medial end of the clavicle. The early appearance of the proximal humeral ossification centre is consistent with the findings of Kim (1998), who documented progressive development of the proximal humeral epiphyseal ossification centre during the first two years of life, with developmental changes identifiable during the first months after birth. Similarly, magnetic resonance imaging findings reported by Kwong et al. (2014) demonstrated progressive development of the proximal humerus from infancy through adolescence. These findings support the present observation that the humeral head represents an early and developmentally useful ossification centre in the shoulder region. However, because the youngest age category in the present study encompasses 0–5 months, the precise month of appearance should be interpreted in relation to the individual chronological ages from which the reported values were derived rather than as evidence that all Nigerian children develop the centre at exactly one or two months.
The findings further demonstrate that the different ossification centres do not appear simultaneously but follow distinct developmental patterns. The greater tubercle, for example, was present in 8 of 11 male radiographs at 2 years, while the lesser tubercle was present in only 1 of 5 male radiographs at 3 years. In females, the greater tubercle was already present in 4 of 6 radiographs in the 6–11-month group and in 2 of 5 radiographs at 1 year, while the lesser tubercle was not consistently identified until later childhood. These observations indicate that ossification occurs over a developmental interval rather than necessarily at one fixed chronological age in every child. This pattern is compatible with the detailed magnetic resonance imaging study by Kwong et al. (2014), which demonstrated progressive development of several proximal humeral ossification centres during childhood and adolescence. The development of the glenoid and scapular components also occurs progressively. Kothary et al. (2014), in their assessment of normal glenoid and glenoid-coracoid development in children, demonstrated age-related changes in the morphology and development of these structures, reinforcing the usefulness of the shoulder as a region containing multiple skeletal maturity indicators. The later appearance of the medial end of the clavicle in the present study, at approximately 14 years in both sexes, is also consistent with the general developmental pattern whereby clavicular maturation extends into later childhood and adolescence. The sequence observed in the present study therefore demonstrates that the shoulder region provides skeletal markers across a broad chronological period, beginning in infancy with the proximal humerus and coracoid process and extending into adolescence with the later-developing scapular and clavicular centres.
A notable finding was the difference in the observed timing of several ossification centres between males and females. Females demonstrated earlier reported appearance of the coracoid process and humeral head, greater tubercle, glenoid cavity, inferior angle, medial border and acromion process, whereas the medial end of the clavicle appeared at approximately the same age in both sexes. The lesser tubercle represented an exception, with an observed age of approximately 4 years in females compared with 3 years in males. The general tendency toward earlier skeletal maturation among females is consistent with previous research. MacKay (1952), in a study of East African children, demonstrated sex-related differences in skeletal maturation and reported more rapid skeletal maturation among girls. Cole et al. (2015), using longitudinal data from the Birth to Twenty cohort in South Africa, also demonstrated that girls reached skeletal maturity earlier than boys. In addition, Lee et al. (2014), in a radiographic study of 485 children aged 8–18 years, found sex-related differences in the development of the immature acromioclavicular joint and reported earlier ossification-related changes in females for several shoulder structures. The female advancement observed in several centres in the present Nigerian sample is therefore consistent with the broader evidence that skeletal maturation generally occurs earlier in females. Nevertheless, the present results do not demonstrate a uniform sex difference across all ossification centres. The later observed appearance of the lesser tubercle in females illustrates the importance of considering each anatomical centre separately. Moreover, the relatively small number of radiographs in several age groups means that apparent differences between males and females should be interpreted as descriptive findings unless they are supported by appropriate statistical testing of individual-level data.
Comparison of the present findings with the reference standards used in Tables 4 and 5 demonstrated considerable differences in the observed timing of ossification. In males, the Nigerian observations were earlier than the reference values for the medial end of the clavicle, coracoid process, acromion process, inferior angle, medial border, head of humerus, greater tubercle and lesser tubercle, while the glenoid cavity was observed approximately 1–2 years later than the reference range. In females, the Nigerian observations were earlier for the medial end of the clavicle, coracoid process, acromion process, inferior angle, medial border, head of humerus, greater tubercle and lesser tubercle, whereas the glenoid cavity was approximately within or slightly earlier than the reference range. The largest differences were observed for the early-developing centres: the coracoid process was observed approximately 10–16 months earlier than the male reference range and 11–17 months earlier than the female reference range, while the head of the humerus was observed approximately 10 months earlier in males and 11 months earlier in females than the reference value of 12 months. Among the later-developing structures, the inferior angle and medial border showed particularly large differences in females, being observed approximately four years earlier than the reference age used in the study. These findings are consistent with previous evidence that skeletal-age standards derived from one population may not correspond precisely to developmental patterns in another population. Loder et al. (1993) demonstrated differences in the applicability of the Greulich and Pyle standards among contemporary Black and White American children, while Mora et al. (2001) reported differences in skeletal maturation between children of African and European descent. Ontell et al. (1996) likewise reported variation in bone age among children from different ethnic backgrounds. More recently, Alshamrani et al. (2019), in a systematic review and meta-analysis of studies evaluating the applicability of the Greulich and Pyle atlas across populations, demonstrated that the agreement between skeletal age and chronological age varies among populations. These studies support the interpretation that reference standards should be evaluated against the population in which they are intended to be applied rather than assumed to be universally applicable.
The differences observed in the present Nigerian sample should, however, not be interpreted as evidence that ethnicity alone determines the rate of skeletal maturation. Skeletal development is a multifactorial process influenced by sex, growth, nutritional status, socioeconomic circumstances, health, body composition, pubertal development and potentially genetic ancestry. Hawley et al. (2012), for example, demonstrated that relative skeletal maturity among Black South African children was associated with growth and developmental factors, illustrating that population differences cannot simply be reduced to ethnic classification. Grgic et al. (2020), using data from the Generation R Study, also demonstrated differences in skeletal maturation in relation to ethnic and genetic background, but their findings illustrate the importance of considering other biological and developmental variables when interpreting such differences. The Nigerian results should therefore be understood as demonstrating differences between the observed developmental pattern in the study sample and the adopted reference values rather than establishing a universal Nigerian maturation pattern. This interpretation is particularly important because some age groups in the present study contained very few radiographs, and some female age groups had no available radiograph. The absence of a female radiograph at 9, 13 and 15 years, for example, should not be interpreted as absence of ossification. Similarly, the presence of an ossification centre in only part of an age group demonstrates biological variation and should not be interpreted as a definitive population threshold. The findings nonetheless add useful population-specific information to the relatively limited literature on shoulder ossification in Nigerian children and complement earlier Nigerian research such as Udoaka et al. (2016), who investigated the applicability of the Greulich and Pyle atlas to Nigerian children using hand and wrist radiographs. The anatomical region differs between that study and the present investigation, but both contribute to the broader question of the applicability of established skeletal-age standards to Nigerian children.
Overall, the findings demonstrate that the ossification centres of the upper arm and shoulder region provide developmental markers across infancy, childhood and adolescence, but their timing varies considerably according to the anatomical centre and sex. The early appearance of the humeral head and coracoid process, followed by the tubercular centres and subsequently the later-developing scapular and clavicular centres, indicates a broad developmental sequence that may be useful for assessing skeletal maturation. The earlier observed appearance of several centres in females agrees generally with established evidence of earlier skeletal maturation in girls, although the pattern was not uniform for every centre. The differences between the Nigerian observations and the reference standards further demonstrate that established standards should be applied cautiously when assessing children from populations different from those from which the standards were derived. Nevertheless, the present findings should be regarded as descriptive evidence from the study sample rather than as a definitive Nigerian skeletal-age standard.

4. Conclusion

The study demonstrated a sequential pattern in the appearance of ossification centres of the shoulder region among Nigerian children, with the head of the humerus and coracoid process appearing during infancy, followed by the greater and lesser tubercles during early childhood, and the glenoid cavity, inferior angle, acromion process, medial border of the scapula, and medial end of the clavicle appearing at later ages. Females generally showed earlier observed ossification of several centres than males, although this pattern was not consistent across all centres. Differences were also observed between the study findings and the established reference standards, indicating variation in the timing of ossification in this Nigerian population. These findings provide useful baseline data on the chronological appearance of selected shoulder-region ossification centres and suggest their potential value in skeletal maturity assessment. However, the relatively small and uneven distribution of radiographs across some age groups warrants cautious interpretation, and further studies with larger and more representative Nigerian populations are needed to establish population-specific reference standards.
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