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Abstract
Background:
The aortic–thoracic ratio (ATR) is a simple radiographic index that relates aortic size to thoracic cavity width and may assist in recognizing abnormal aortic enlargement in children. Normative ATR data for African paediatric populations are scarce.
Objective:
To establish age- and sex-specific normative values for ATR in Nigerian children aged 9–13 years and to examine its relationship with age and sex.
Methods:
This cross-sectional radiographic study included 362 apparently healthy Nigerian children (222 males, 140 females) aged 9–13 years in Port Harcourt, Nigeria. Posteroanterior (PA) chest radiographs were used to measure aortic diameter (AD) at the level of the aortic arch and thoracic diameter (TD) as the maximal internal transverse diameter of the thoracic cavity. ATR was calculated as (AD/TD) × 100. Descriptive statistics were generated for AD, TD, and ATR by age and sex. Sex differences within age groups were evaluated using independent-sample t-tests, with p < 0.05 considered statistically significant.
Results:
 The overall mean ATR for the study population was 22.4%. In both sexes, mean AD and TD increased with age. Among males, mean ATR rose from 21.4 % at 9 years to 22.8 % at 12–13 years; among females, mean ATR ranged from 21.9 % at 9 years to 22.8 % at 12 years. There was no statistically significant sex difference in ATR across the 9–13-year age range. Thoracic diameter was larger in males than in females in the 12-year age group, with a statistically significant difference in TD (p < 0.001).
Conclusion:
This study provides age- and sex-specific reference values for the aortic–thoracic ratio in Nigerian children aged 9–13 years. ATR appears to increase slightly with age while showing no meaningful sex-related differences within this range. These normative data may serve as a useful radiographic reference for assessing aortic size in Nigerian children and similar populations.
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INTRODUCTION
Chest radiography remains one of the most widely available and affordable imaging modalities for evaluating thoracic structures in children, particularly in low- and middle-income settings where access to advanced imaging is limited.1,2 Among radiographic indices, the cardiothoracic ratio (CTR) has been extensively used as a simple screening tool for cardiac enlargement in adults and children.1–3
Multiple factors, including age, sex, race, body posture, physique, respiratory phase, geographic location, and technical aspects of radiographic acquisition, influence thoracic and cardiac dimensions.4–7,9,10 Studies in African and Caribbean populations have shown that CTR and related thoracic measurements can differ from those in Caucasian cohorts, underscoring the need for population-specific reference values for radiographic indices.5–7,9,10
While CTR reflects cardiac size relative to thoracic width, it does not directly characterize the great vessels. Aortic dimensions vary with age, sex, height, weight, and body surface area and are central to the diagnosis and monitoring of congenital and acquired aortic disease.8,11–14 Echocardiographic and cardiovascular magnetic resonance (CMR) studies have provided detailed normative data on the aortic root and thoracic aorta across the lifespan, along with their clinical determinants.11–14 However, most of these data arise from non-African populations and from advanced imaging techniques that may not be routinely available in many clinical environments.
The aortic–thoracic ratio (ATR) is a simple radiographic index that expresses the transverse aortic diameter as a percentage of the maximal internal thoracic width on a PA chest radiograph. Conceptually, ATR parallels CTR by normalizing aortic size to the thoracic cavity. Despite its potential utility for screening and baseline assessment, ATR has not been widely studied, and normative paediatric ATR values, particularly in African populations, are not well documented. In Nigeria, previous work has described aortic and cardiac dimensions and CTR in children using radiography 8, but specific ATR reference values are lacking.
The present study was designed to address this gap by establishing age- and sex-specific normative values for ATR in Nigerian children aged 9–13 years using PA chest radiographs obtained in Port Harcourt. We also examined the relationship between ATR and age and evaluated potential sex differences in aortic and thoracic dimensions. These data aim to provide a straightforward, radiograph-based reference for assessing paediatric aortic size in Nigerian children and comparable populations.
MATERIALS AND METHODS
Study design and setting
This was a cross-sectional radiographic study conducted in Port Harcourt, Rivers State, Nigeria. The analysis was based on PA chest radiographs of evidently healthy school-aged children who underwent imaging as part of routine clinical evaluation or screening at a tertiary institution.
Study population
A total of 362 children aged 9–13 years were included. There were 222 males and 140 females. Males were represented in all age groups from 9 through 13 years, whereas females were represented from 9 through 12 years.
Children were eligible if they were between 9 and 13 years old and considered clinically healthy at the time of imaging. Radiographs with obvious thoracic deformities, gross technical errors, or documented cardiothoracic abnormalities were excluded. Age (in completed years) and sex were recorded for each child.
Radiographic technique and measurements
Standard PA chest radiographs were acquired according to the departmental protocol. Only radiographs judged to be technically adequate with respect to positioning and exposure were included for analysis.
For each radiograph, the following measurements were made:
· Aortic diameter (AD): transverse aortic diameter at the level of the aortic arch on the PA view.
· Thoracic diameter (TD): maximal internal transverse diameter of the thoracic cavity at the level of the diaphragm.
· Aortic-Thoracic Ratio (ATR): Calculated as (Aortic Diameter / Thoracic Diameter) × 100.
Measurements were obtained in consistent units (e.g. millimetres) using a standardized method, and ATR was expressed as a percentage. The same measurement protocol was applied to all films to minimize variability. This measurement was done by a consultant radiologist and senior registrar.
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Data were summarized using descriptive statistics. Mean values of AD, TD, and ATR were calculated by age and sex. The overall mean ATR for the study population was also computed.
Sex differences in AD, TD, and ATR within age groups were examined using independent-sample t-tests. A p-value < 0.05 was considered statistically significant. Age-related trends in AD, TD, and ATR were evaluated by inspecting age-specific means and their progression across the 9–13-year range.
RESULTS
Participant characteristics
The study sample comprised 362 children (222 males, 140 females) aged 9–13 years. All participants were reported as clinically healthy at the time of chest radiography. Males were represented at ages 9, 10, 11, 12, and 13 years; females at ages 9, 10, 11, and 12 years. Demographic characteristics are summarized in Table 1.

Table 1. Demographic characteristics of the study population
	Characteristic
	Total (N = 362)
	Male (n = 222)
	Female (n = 140)

	Age range (years)
	9–13
	9–13
	9–12

	Age groups represented (years)
	9, 10, 11, 12, 13
	9, 10, 11, 12, 13
	9, 10, 11, 12

	Sex distribution (%)
	100
	61.3
	38.7



Age-related changes in aortic and thoracic diameters
Age-specific mean values of AD and TD by sex are shown in Table 2. In both sexes, the mean aortic diameter increased with age. Among males, mean AD rose from 4.88 (in the original measurement units) at 9 years to 5.70 at 12–13 years. Among females, mean AD increased from 5.04 at 9 years to 5.58 at 12 years.
Thoracic diameter also increased with age. In males, mean TD increased from 22.81 at 9 years to 24.99 at 12–13 years. In females, mean TD increased from 22.97 at 9 years to 24.46 at 12 years. 
Aortic–thoracic ratio
The overall mean ATR across the entire cohort was 22.4%. Age-specific mean ATR values showed modest variation within a narrow range in both sexes (Table 2). In males, ATR increased from 21.4 % at 9 years to approximately 22.8 % at 12–13 years, while in females, ATR ranged from 21.9 % at 9 years to 22.8 % at 12 years.  Table 3 shows the standard deviation and confidence interval of the ATR
Sex differences in AD, TD and ATR
Overall, there was no statistically significant sex difference in ATR across the 9–13-year age range. Mean ATR values for boys and girls were closely aligned in all age groups (Table 2). Aortic diameter was also broadly similar between sexes within each age group. In contrast, thoracic diameter showed a marked sex difference at 12 years, with males having significantly larger TD than females (p < 0.001). In contrast, no consistent sex differences in TD were observed in other age groups (Table 2). These findings are summarized in Table 4, which relates the observed age and sex patterns in AD, TD, and ATR to their clinical interpretation.

Table 2. Age- and sex-specific mean aortic diameter (AD), thoracic diameter (TD), and aortic–thoracic ratio (ATR) in Nigerian children aged 9–13 years
	Sex
	Age (years)
	Mean AD*
	Mean TD*
	Mean ATR (%)

	Male
	9
	4.8808
	22.8115
	21.4

	Male
	10
	5.1406
	23.3148
	22.1

	Male
	11
	5.3212
	23.6154
	22.6

	Male
	12
	5.7000
	24.9917
	22.8

	Male
	13
	5.7000
	24.9917
	22.8

	Female
	9
	5.0417
	22.9708
	21.9

	Female
	10
	5.2000
	22.7903
	22.9

	Female
	11
	5.3794
	24.1529
	22.3

	Female
	12
	5.5800
	24.4600
	22.8







Table 3: Ratio Statistics for AORTIC DIMENSION (CM) / THORACIC SIZE (CM)- ATR with other statistical components
	Group
	Mean
	98% Confidence Interval for Mean
	Minimum
	Maximum
	Std. Deviation

	
	
	Lower Bound
	Upper Bound
	
	
	

	Males 9yrs
	214
	.204
	.224
	.176
	.247
	.020

	male-10yrs
	. .221
	.214
	.228
	.165
	.312
	.029

	male-11yrs
	.226
	.218
	.233
	.178
	.297
	.022

	male-12yrs
	.228
	.214
	.242
	.178
	.308
	.027

	male-13yrs
	.228
	.214
	.242
	.178
	.308
	.027

	female-9yrs
	.219
	.212
	.227
	.187
	.247
	.015

	female-10yrs
	.229
	.220
	.238
	.160
	.316
	.029

	female-11yrs
	.223
	.212
	.233
	.169
	.280
	.025

	female-12yrs
	.228
	.215
	.242
	.184
	.299
	.024

	Overall
	.224
	.221
	.227
	.160
	.316
	.026





Table 4. Summary of age and sex patterns in aortic and thoracic measurements and aortic–thoracic ratio (ATR)

	Variable
	Pattern / Comparison
	Statistical finding (reported)
	Interpretation

	Aortic diameter (AD)
	Across ages 9–13 years (both sexes)
	AD increased with age in males and females
	Aortic size shows normal growth-related increase.

	Aortic diameter (AD)
	Males vs females (same age groups)
	No significant sex differences reported
	Boys and girls have similar AD in this age range.

	Thoracic diameter (TD)
	Across ages 9–13 years (both sexes)
	TD increased with age in both sexes
	The thoracic cavity widens with age in both boys and girls.

	Thoracic diameter (TD)
	Males vs females at age 12
	Males significantly larger TD (p < 0.001)
	12-year-old boys have wider thoracic cavities than girls.

	ATR
	Across ages 9–13 years (both sexes)
	Mean ATR ≈ 22.4 %, slight age variation
	ATR is relatively stable despite growth in absolute dimensions.

	ATR
	Males vs females (overall 9–13 years)
	No significant sex differences reported
	Proportional aortic size relative to the thorax is similar by sex.
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Figure 1 is showing the aortic (white small double edge arrow) and thoracic (white large double edged arrow) diameters respectively. From this dimension the aortic-thoracic diameter ratio is obtained.



DISCUSSION
This study presents age- and sex-specific normative values for the aortic–thoracic ratio in Nigerian children aged 9–13 years, based on chest radiographs. The key findings are that aortic and thoracic diameters increase with age in both sexes; ATR remains relatively stable, with a slight rise across the age range; and there are no meaningful sex differences in ATR, although 12-year-old boys have larger thoracic diameters than girls. These patterns are visually reinforced, with the male and female ATR curves almost completely overlapping across age groups and showing parallel, age-related increases in both aortic and thoracic diameters in boys and girls.
Age-related changes in aortic and thoracic dimensions
The progressive increase in aortic diameter with age observed in this cohort aligns with earlier work sson aortic and cardiac dimensions among Nigerian children and adolescents.8 Echocardiographic and CMR-based studies in other populations have also shown that aortic root and thoracic aortic diameters increase with age, height, weight, and body surface area.11–14 These findings reflect normal somatic growth and enlargement of the thoracic cage and great vessels during childhood and adolescence.
Thoracic diameter also increased with age in both sexes. The larger thoracic diameter observed in 12-year-old boys compared with girls is consistent with the onset of sex-related differences in chest wall and musculoskeletal growth around puberty. Previous studies have documented that thoracic and cardiothoracic dimensions are influenced by body habitus, race, and sex, and that males tend to have slightly larger absolute thoracic measurements.5–7,9,10 The present findings are therefore in keeping with known physiological and anthropometric patterns.
Stability of the aortic–thoracic ratio and sex differences
Despite the age-related increases in both AD and TD, ATR remained within a narrow range around 22 % in both sexes. This suggests that proportional growth of the aorta and thoracic cavity is maintained across the 9–13-year interval. The lack of a meaningful sex difference in ATR implies that, although boys may develop larger thoracic diameters at certain ages, the relative size of the aorta to the thoracic cavity remains similar between sexes in this age group.
These observations are consistent with studies that have expressed aortic dimensions relative to body size and found relatively stable proportional relationships, particularly in pre- to early-pubertal children.11–14 The relative stability of ATR supports its potential utility as a screening index: deviations beyond the expected range may be more indicative of pathological aortic enlargement than of normal growth variation.
Previous Nigerian studies have largely focused on CTR and absolute aortic and cardiac dimensions, rather than formal ratios such as ATR.7,8 The present work extends this literature by introducing ATR as a simple, reproducible radiographic measure that can be routinely derived from chest radiographs without additional imaging equipment.
Methodological differences limit direct comparison with echocardiographic or CMR-derived norms, but the general pattern of age-related increases in aortic dimensions and the role of body size as a determinant of aortic diameter are consistent with international data.11–14 Many available normative datasets for aortic measurements are based on European or North American populations, which may not be directly generalizable to African children. In this context, locally derived radiographic reference values, such as the ATR presented here, provide useful complementary information.
Clinical and research implications
The availability of population-specific ATR reference values may have several important applications:
1. Screening and early detection: ATR may help identify children with disproportionate aortic enlargement who warrant further evaluation with echocardiography or CMR when resources permit.
2. Baseline for follow-up: In children with conditions predisposing to aortic dilation, such as certain congenital heart diseases or connective tissue disorders, ATR can provide a convenient radiographic baseline for longitudinal monitoring, particularly when chest radiography is more readily available than advanced imaging modalities.
3. Foundation for further research: The present data provide a starting point for multicentre and multi-regional studies incorporating anthropometric variables, broader age ranges, and comparative analyses across diverse populations. Such work could refine ATR reference ranges and explore its predictive value for clinically significant aortic disease.
CONCLUSION
This study provides normative age- and sex-specific values for the aortic–thoracic ratio in Nigerian children aged 9–13 years. Aortic and thoracic diameters both increase with age, while ATR remains relatively stable within a narrow range around 22 %. No meaningful sex difference in ATR was observed, although 12-year-old boys had larger thoracic diameters than girls.
These findings extend the limited radiographic data on paediatric thoracic and aortic dimensions in African populations. They may serve as a practical reference for clinicians assessing aortic size in Nigerian children. Further work is needed to incorporate anthropometric data, expand the age range, and correlate ATR with echocardiographic or CMR-based measures of aortic size and function.
LIMITATIONS
This study has several limitations. First, it was conducted at a single centre in southern Nigeria and may not fully represent regional variation in growth patterns, body habitus, or genetic background across the country. Second, the age range was restricted to 9–13 years, and normative ATR values for younger children and older adolescents remain to be defined. Third, height, weight, and body surface area were not included in the analysis; because aortic dimensions are strongly tied to body size, future studies should examine indexed ATR or adjust for anthropometric factors.  The lack of age 13 female in the study.  Finally, measurements were derived from two-dimensional radiographs, which can be affected by technical factors such as positioning, rotation, and inspiratory effort. Although technically inadequate films were excluded, some measurement variability is unavoidable with radiographic methods.
Despite these limitations, the study provides useful preliminary ATR reference data for a paediatric population in which such information has been limited.
RECOMMENDATIONS
We recommend that:
1. Multi-centre studies across different regions of Nigeria and sub-Saharan Africa be conducted to validate and refine ATR reference values in diverse pediatric populations.
2. Future research incorporate anthropometric measures such as height, weight, and body surface area to derive indexed ATR nomograms and prediction equations.
3. Comparative studies evaluate correlations between ATR and echocardiographic or CMR-derived aortic dimensions and investigate the role of ATR in detecting subclinical aortic pathology.
DECLARATION OF PATIENT CONSENT
The authors certify that appropriate consent was obtained for the use of anonymized radiographic data for research and publication. Parents or legal guardians were informed that the radiographic information could be used for scientific purposes and that confidentiality and anonymity would be maintained.
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