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ABSTRACT
Background  Tuberculosis (TB) remains a significant global 
health challenge, particularly in children, where diagnosis is 
challenging. Radiological resources such as chest X-rays and 
CT scans play a crucial role in early screening and diagnosis, 
especially in the absence of microbiological confirmation of 
disease. However, radiological capacity and access vary widely 
across regions and countries.
Methods  This study retrospectively audited licensed X-ray 
and CT units in Mozambique, South Africa and Spain in 2022. 
Population data were used to calculate units per million 
people. The study used choropleth maps to visualise regional 
disparities and to explore potential interactions between 
radiological capacity, population density and TB notifications.
Results  Mozambique had the lowest radiological capacity, 
with 3.6 X-ray units and 0.4 CT units per million people, 
compared with South Africa’s 34.2 X-ray units, 5.8 CT units 
and Spain’s 811.5 X-ray units and 19.3 CT units. The private 
sector exhibited higher capacity than the public sector in all 
countries. Regional disparities were evident, particularly in 
Mozambique, highlighting urban–rural discrepancies and in-
country inequalities.
Conclusion  This study underscores significant disparities in 
radiological capacity between low-income, middle-income and 
high-income countries, with economic factors playing a pivotal 
role. Addressing these disparities is crucial for improving TB and 
other disease diagnostic capabilities, particularly in resource-
limited settings. Potential solutions include establishing 
dedicated national radio-diagnostic departments, developing 
national guidelines and integrating portable AI-powered X-ray 
or point-of-care ultrasonography technology. These findings 
provide valuable insights for policymakers and stakeholders 
to advocate for improved radiological resources and equitable 
healthcare access.

INTRODUCTION
Tuberculosis (TB) still exists as a global health 
problem and remains one of the leading 
causes of mortality by an infectious agent 

every year.1 Although the highest burden 
of TB disease is in adults, children make up 
10%–20% of TB cases.2 3 There are significant 
challenges related to TB diagnosis in infancy 
and childhood,4 5 where forms of the disease 
differ considerably from those seen in adults. 
In TB diagnosis, microbiological examina-
tion can confirm the disease, but radiolog-
ical resources (such as chest X-rays (CXR) 
and computed tomography (CT) scans) play 
a crucial role in early screening and diag-
nosis. For screening, imaging can identify 
intrathoracic abnormalities before symptoms 
appear, aiding in early detection.6–8 In the 
context of diagnostic algorithms, these tools 
are valuable for early diagnosis, which can 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Imaging technologies such as chest X-rays and CT 
scans are essential for early tuberculosis detection 
and management but are unevenly distributed, par-
ticularly in low-income and middle-income coun-
tries (LMICs).

WHAT THIS STUDY ADDS
	⇒ The study highlights significant disparities in ra-
diological capacity between Mozambique and oth-
er countries, revealing regional inequalities within 
countries and suggesting that economic factors may 
have a greater impact on radiological resource avail-
ability than disease burden.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The study highlights the need for targeted inter-
ventions to improve radiological infrastructure in 
LMICs, including dedicated national radiological 
departments, national guidelines and advanced 
technologies.
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significantly reduce disease progression, transmission 
rates and mortality, especially in populations such as chil-
dren and people living with HIV, who often present with 
paucibacillary disease.9–11

Imaging forms an important component of compre-
hensive screening and diagnostic algorithms that also 
include clinical assessments, microbiological tests and 
other relevant investigations.4 6 12 Subclinical TB (the 
presence of active Mycobacterium tuberculosis bacteria in 
the body without the accompanying typical symptoms) 
can also be detected with radiological techniques before 
overt clinical symptoms appear, allowing early treatment 
and containment.13 Moreover, microbiological detection 
in young children is challenging due to difficulties in 
obtaining good-quality sputum samples, which are often 
insufficient or contaminated with saliva. This underscores 
the importance of imaging in diagnosing TB in chil-
dren.11 14 Current WHO guidelines recommend the use 
of radiological imaging (especially CXR) as a screening 
and diagnostics tool for TB.6

These resources are, however, unevenly accessible, 
and the efficiency of their utilisation differs between 
different regions and countries. Past studies in low-
income and middle-income countries (LMICs) highlight 
the challenges and disparities in radiological capacity. 
For example, the WHO recommends one X-ray and one 
ultrasound machine for every 50 000 people, or 20 units 
per million people, in LMICs to fulfil imaging needs.15 

Studies in Africa reveal that Uganda, Tanzania, Zambia 
and Ghana fall short of this benchmark (9–14 X-ray 
units per million people). In contrast, Zimbabwe, Kenya 
and South Africa while exceeding the WHO recommen-
dation, still lag behind the Organisation for Economic 
Cooperation and Development (OECD) countries in 
imaging capacity. In all studies, regional disparities were 
also the norm within a country.16–21 No similar bench-
mark was found for CT scan machines.

Two recent Lancet commissions22 23 underscored the 
critical need for improved access to imaging technolo-
gies, particularly CXR and CT scans, for the diagnosis 
and management of various diseases including TB. The 
findings reveal significant variations in the availability 
and distribution of radiological equipment, with many 
LMICs facing shortages and inadequate infrastructure. 
The studies also emphasise the importance of strength-
ening healthcare systems and implementing policies to 
address these gaps in radiological capacity, ultimately 
improving TB and pulmonary disease management in 
LMICs.

Despite several studies conducted in LMICs to assess 
radiological capacity,16–25 data on Mozambique’s avail-
ability and capacity are scarce. Furthermore, no studies 
have compared Mozambique’s radiological capacity 
with its socioeconomic status and disease burden. 
These research gaps create a significant knowledge void 
regarding the distribution and adequacy of radiological 

Table 1  Registered radiological units in absolute numbers and per million people, including population density and TB 
notifications (for country, highest and lowest resourced provinces/regions)

Country: province/ 
autonomy 
(population, 106)

Population 
density 
(people/km2)

TB notifications 
2022 (per 100 
000)

X-ray CT scan

Public Private
Number per 
million Public Private

Number per 
million

Mozambique

 � Total (31.6) 39.4 350 95 20 3.6 6 6 0.4

 � Niassa (2.1) 16.5 245.5 5 0 2.3 2 0 0.9

 � Zambezia (5.9) 55.8 383.8 8 0 1.4 0 0 0

 � Sofala (2.6) 38.2 509.9 14 4 6.9 1 2 1.2

 � Maputo City (1.1) 3257.4 579 6 5 9.7 1 4 4.4

South Africa

 � Total (62.0) 50.8 362.4 – – 34.2 106 251 5.8

 � Northern Cape (1.4) 3.6 529.2 – – 59.0 1 4 3.7

 � Gauteng (15.1) 830.6 210.8 – – 34.6 27 94 8.0

 � Eastern Cape (7.2) 42.8 650.7 – – 19.4 6 8 1.9

 � Free State (3.0) 22.8 334.8 – – 46.9 9 18 9.1

Spain

 � Total (47.5) 94.0 7.7 – – 811.5 – – 19.3

 � Melilla (0.08) 6764.1 7.2 – – 444.7 – – 12.0

 � Andalucía (8.5) 97.6 5.6 – – 798.0 – – 19.3

 � Extremadura (1.1) 25.3 2.7 – – 832.6 – – 27.5

TB, tuberculosis.
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resources across different global health contexts. A 
country’s radiological capacity can be impacted by many 
factors, including its economy, availability of special-
ised workforce, incidence of trauma and various disease 
burdens.

In this study, we use TB as a paradigmatic disease that 
requires radiological evaluation, serving as a potential 
proxy (although imperfect) for radiological require-
ments. We aim to assess Mozambique’s radiological 
capacity and compare it with diverse socioeconomic 
and TB disease burden settings. Additionally, we aim to 
contextualise Mozambique’s reality by comparing it with 
a middle-income and high-income country as well as a 
high TB burden and a low TB burden country. Specifi-
cally, we focus on Spain as an example of a high-income 
country and South Africa as an example of a middle-
income country.

MATERIALS AND METHODS
Study design
We conducted a retrospective audit of licensed X-ray and 
CT units registered as active in 2022 in Mozambique.26 To 
carry out the comparative analysis, we equally carried out 
a similar audit in South Africa and Spain. The study was 
conducted between March and October 2023, in collab-
oration with the Mozambican National TB Programme 
and National Imaging Division, the South African Health 
Products Regulatory Authority (SAHPRA) and the 
Spanish Nuclear Security Council (Consejo de Seguridad 
Nuclear).

Study area
The study was conducted in three countries with different 
income statuses and TB disease burden: Mozambique, 
South Africa and Spain. Mozambique is a low-income 
country with a high TB and HIV burden (TB incidence 
of 361 cases per 100 000 and HIV prevalence of 11.6% 
in the 15–49 years age group).1 27 Mozambique has a 
gross domestic product (GDP) per capita of US$558.3 
and health expenditure per capita of US$34.28.28 The 
National Health Service of Mozambique operates on 
four levels of healthcare: primary, secondary, tertiary and 
quaternary. Health services are provided by both public 
and private sectors, with the public sector being the main 
provider. Integrated primary healthcare is the primary 
focus of the health system.29 30

As of 2019, HIV/AIDS, neonatal disorders, TB, 
malaria and stroke were the top causes of all age groups 
mortality in Mozambique.31 32 Data from 2014 to 2015 
indicate that about 90% of Mozambicans used public 
health facilities, 3.9% used private health facilities and 
5.2% sought traditional medicine services. As of 2019, 
the ratio of public to private health facility utilisa-
tion was 88:12. Private health facilities were primarily 
present at the primary and secondary healthcare levels, 
with no significant presence at higher care levels.33 A 
large proportion of Mozambique’s population (66.7%) 
resides in underserved areas, where walking to a health 
clinic takes more than 60 min.34 Additionally, for 76.7% 
of the population, the average distance to a health clinic 
is 10 km, further complicating access to primary health-
care centres.35

Figure 1  Choropleth map for Mozambique (Source: prepared by author).
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South Africa is a middle-income country with a high 
TB and HIV burden (TB incidence: 468 per 100 000; HIV 
prevalence (15–49 years): 17.8%).1 27 South Africa has a 
GDP per capita of US$6766.5 and a health expenditure 
of US$489.64.28 Significant inequalities exist between 
South Africa’s public and private healthcare sectors. 
Nearly three-quarters of the population (71%) is served 
by an underfunded public sector, financed by the state. 
Around 27% of the population is served by the private 
sector, which is largely funded by individual contributions 
to medical aid schemes.36 While infectious diseases like 
HIV/AIDS, lower respiratory infections and TB continue 
to impose a significant burden on the healthcare system, 
there has been a notable rise in the prevalence of non-
communicable diseases such as ischaemic heart disease, 
stroke and diabetes.32 37

Spain is a high-income country with low TB and HIV 
burdens (TB incidence: 6.9 per 100 000; HIV preva-
lence (15–49 years): 0.2%).1 27 It has a GDP per capita 
of US$29 674 and a health expenditure per capita of 
US$2900.65.28 The Spanish healthcare system (SNS) 
consists of three main subsystems: the universal national 
health system, mutual funds for civil servants and the 
armed forces and judiciary, along with collaborative mutu-
alities. Spain’s residents receive comprehensive benefits 
through the national health system, funded through 
general taxes. Regional health authorities oversee 
regional planning, resource allocation and purchasing 
decisions while the Ministry of Health oversees national 
health planning and regulations. In Spain, 96.5% of the 
population is served by the SNS while 3.5% is served by 
private entities.38 Despite recent increases, health expen-
diture in Spain remains below the European Union 
average.39 In Spain, non-communicable diseases pose the 
greatest burden in terms of health impact.32 40

Data collection
In Mozambique, TB programme provincial focal points 
were responsible for manual data collection, which was 
subsequently double-checked by the national imaging 
division, since reorganised. In South Africa, data were 
extracted from SAHPRA’s official database. Data from 
Spain were collected from the Spanish Nuclear Safety 
Council’s Report to the Congress and Senate for 2022, 
as well as the National Catalogue of Hospitals for 2023 
(updated as of 31 December 2022).41 42 The data were 
compiled into a dedicated Excel spreadsheet and strat-
ified by imaging techniques (X-rays and CT scans), 
regions and healthcare sectors (the public vs private). 
All other imaging techniques were excluded from the 
analysis.

Mozambique was the only country able to provide 
data disaggregated by public and private sectors for all 
imaging modalities (CXR and CT scan). In South Africa 
and Spain, only CT scan data were disaggregated by the 
public versus private sector.

Additionally, in Mozambique, particularly in the 
central and northern regions, private clinics did not have 
radiological services. Instead, they relied on public sector 
radiology services for a fee. This lack of data made it diffi-
cult to precisely calculate the units per million people 
covered by the public sector for all three countries.

Data analysis
Based on the latest population estimates in the three 
countries, the results for each imaging technique were 
tabulated as units per million people by country and 
region. In Mozambique, we used the population projec-
tions for the year 2022 provided by the National Institute 
of Statistics.43 For Spain, we used continuous population 
statistics from the National Institute of Statistics for the 

Figure 2  Choropleth map for South Africa (Source: prepared by author).
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year 2022.44 The South African population data came 
from Statistics South Africa’s census of 2022.45

To analyse in-country radiological inequalities, we used 
choropleth maps (with Excel Bing maps) to compare, 
within each country, the distribution of X-ray and CT units 
per million people with regional population, population 
density and TB notifications. Additionally, we conducted 
a regression analysis to further explore the observed 
relationship between independent variables (population 
density and TB notifications) and the dependent variable 
(X-ray or CT capacity) using IBM SPSS Statistics V.22.0, 
with a significance level of 0.05.

Population density was calculated using the formula 
population density=number of people/land area (km²). 
Land area data for each country were obtained from the 
following sources: Mozambique (https://en.wikipedia.​
org/wiki/Provinces_of_Mozambique), South Africa 
(https://en.wikipedia.org/wiki/List_of_South_African_​
provinces_by_area) and Spain (https://en.wikipedia.​
org/wiki/Autonomous_communities_of_Spain).

The TB notification rates for Mozambique were 
obtained from the National TB Programme’s monitoring 
and evaluation unit. For South Africa, the TB notifica-
tion rates were sourced from DS-TB data from ETR.Net 
(2018) and TIER.Net (2019–2022), and DR-TB data from 
EDRWeb (Aurum Institute). In Spain, the TB notifica-
tion rates were obtained from the Spanish Tuberculosis 
Prevention and Control Plan.46

Finally, we compared the data with previous studies 
and with OECD data, particularly focusing on CT scan 
capacity.

Patient and public involvement
This study did not involve the public or patients in its 
design, as it focused on a retrospective analysis of radio-
logical capacity using data from national registries. Due 
to the nature of the research, which did not involve direct 
interactions or interventions with patients or the public, 
their involvement in the study design was not required.

RESULTS
Radiological capacity by country
In 2022, Mozambique had a total of 115 X-ray machines 
and 12 CT scanners nationwide, with the numbers varying 
from 5 to 18 for X-ray machines and 0 to 5 for CT scan-
ners across the provinces. In terms of units per million 
people, Mozambique had 3.6 X-ray units per million 
people, ranging from 1.4 to 9.7 units per million people 
depending on the province. For CT scans, Mozambique 
had 0.4 CT units per million people, ranging from 0 to 
4.4 units per million people depending on the province. 
Assuming that the public sector serves 90% of the popu-
lation and the private sector serves 3.9% in Mozambique 
(with the remaining population served by traditional 
healers),33 the X-ray capacity per million people is 3.34 
in the public sector compared with 16.22 in the private 
sector. For CT scans, the capacity per million people is 
0.21 in the public sector and 4.86 in the private sector.

South Africa had a total of 2124 X-ray machines and 
357 CT scanners nationwide in 2022, with the numbers 
varying from 80 to 522 for X-ray machines and 5 to 121 
for CT scanners across provinces. Based on units per 
million people, South Africa had 34.2 X-ray units per 
million people, ranging from 19.4 to 59.0 X-ray units 
per million people across provinces. For CT scans, South 
Africa had 5.8 CT units per million people, ranging from 
1.9 to 9.1 CT units per million people across provinces. In 
South Africa, the public sector serves 71% of the popula-
tion and has 2.41 CT scan units per million people while 
the private sector serves 27% of the population and has 
14.98 units per million people. Traditional healers serve 
the remaining population.36

Spain had a total of 38 553 X-ray machines and 919 
CT scanners nationwide in 2022, with the numbers 
varying from 37 to 6797 X-ray machines and 1 to 164 CT 
machines across autonomous regions. According to the 
data per million people, Spain had 811.5 X-ray units per 
million people, ranging from 444.7 to 932.2 X-ray units 
per million people across autonomous regions, and 19.3 
CT units per million people, ranging from 12.0 to 27.5 
CT units per million people across autonomous regions. 
In Spain, the public sector serves 96.5% of the popula-
tion38 and has 13.69 CT scan units per million people. 

Figure 3  Choropleth map for Spain (Source: prepared by author).
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In contrast, the private sector serves 3.5% of the popula-
tion38 and has 175 CT scan units per million people.

Table  1 presents the registered radiological units in 
absolute numbers and per million people, alongside 
population density and TB notifications, both at the 
country and provincial levels. We specifically highlight 
the provinces with the highest and lowest resources 
(X-ray and/or CT) in each country. For a comprehen-
sive reference to all provinces per country, please refer to 
online supplemental file 1.

Existing disparities within countries
In the choropleth map of Mozambique (figure  1a–e), 
there is inequity in access to radiology services between 
the southern and the northern provinces. Provinces with 
the highest TB notifications were found to have a high 
number of X-ray units per million people. Maputo City, 
which is also the most densely populated area in Mozam-
bique, has a high concentration of CT machines.

The choropleth maps for South Africa (figure 2a–e) and 
Spain (figure 3a–e) show that the distribution of radiolog-
ical units (X-ray and CT scan) does not align with popula-
tion density or TB notifications. Despite the Eastern Cape in 
South Africa having the highest TB notifications in 2022, it 
has the lowest radiological capacity in the country.

The choropleth maps were not intended to establish 
definitive relationships, as radiological requirements are 
influenced by numerous factors unique to each country. 
Rather, they were used to provide a real-time visualisation 
of the distribution of radiological machines within coun-
tries and their potential interaction with factors such as 
population density or TB notifications.

Existing disparities between countries
In comparison and absolute numbers, South Africa has 
18 times as many X-ray machines and 30 times as many 
CT scanners as Mozambique. In Spain, there are 30 times 
more X-ray units and 77 times more CT scan units than 
in Mozambique; and 18 times more X-ray units and 3 
times more CT scanners than South Africa. In terms of 

relative numbers per population at risk, Mozambique 
has 3.6 X-ray units per million people while South Africa 
has 34.2 X-ray units per million people, and Spain has 
811.5 X-ray units per million people. For CT scan units, 
Mozambique has 0.4 CT scan units per million people, 
compared with 5.8 CT scan units per million in South 
Africa and 19.3 CT scan units per million in Spain.

The table below presents the comparison of current 
data with past studies and OECD countries (lowest and 
highest performing countries in terms of CT scan units 
per million) (table 2, online supplemental file 2).

DISCUSSION
This comparative analysis of radiological capacity 
between a low-income, middle-income and high-income 
country with varying TB disease burdens represents the 
first detailed study of its kind. The research reveals not 
only stark disparities in radiological capacity between 
countries but also significant inequalities between the 
regions of each country. Low-income countries, despite 
having a high perceived necessity, including a high 
burden of diseases such as TB, which can be considered 
a good proxy for radiological requirements, are particu-
larly underserved. The study suggests that radiological 
capacity is more influenced by a country’s economic 
performance than by its disease burden. Additionally, 
the private sector consistently exhibits a greater radiolog-
ical capacity for the population it serves than the public 
sector in all countries.

In Mozambique, the number of radiological units per 
million people in all provinces falls significantly below 
the WHO’s recommended standard. This is concerning, 
particularly given the high disease burden, especially 
for respiratory infections like TB, for which X-ray diag-
nostics remain key to diagnostic decision-making in 
LMICs. Mozambique needs to strengthen its radiological 
capacity to improve diagnostic and treatment capabilities 
for these prevalent diseases.

Table 2  Comparison of radiological resources, economic status and population of current study countries, previous studies 
and OECD countries

LMICs in Africa
OECD countries (Colombia at 
lower end, Japan at higher end)

Mozambique Uganda Zimbabwe Zambia South Africa Colombia Spain Japan

Population (106)* 32 47 15 20 62 52 47 125

Area (km2)† 801 537 241 038 390 745 752 614 1.2 mil 1.14 mil 506 030 377 973

GDP per capita ($) (2022)‡ 558 964 1307 1453 6766 6842 29 674 33 851

Current health expenditure per capita 
($) (2020)‡ 34 34 51 54 490 477 2901 4388

X-ray units (per 106 inhab.) 3.6 12.8 26 14.3 34.2 811.5

CT scan units (per 106 inhab.) 0.4 0.6 1.5 0.79 5.8 6 19.3 116

*Macrotrends.net.
†Wikipedia.
‡World Bank.
GDP, gross domestic product; LMICs, low-income and middle-income countries; OECD, Organisation for Economic Cooperation and Development.

https://dx.doi.org/10.1136/bmjph-2024-001392
https://dx.doi.org/10.1136/bmjph-2024-001392
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The study uncovered significant regional disparities 
within countries, particularly notable in Mozambique. 
These findings align with previous research indicating 
disparities between urban and rural areas, with urban 
areas typically having higher radiological capacity.21 24 47–49 
Furthermore, we compared our findings to previous 
studies of countries with similar income levels to Mozam-
bique and middle-income countries, highlighting a 
substantial gap in radiological capacity between lower and 
higher socioeconomic status countries.16–21 Interestingly, 
a study conducted in Spain, despite its well-established 
healthcare system, revealed unequal distribution of 
resources among healthcare facilities, indicating that 
in-country disparities exist even in sophisticated health-
care systems.50

Consistent with previous findings, the private sector 
exhibits a higher radiological capacity per million people 
for the proportion of the population it serves compared 
with the public sector.16–21 This disparity highlights the 
significant influence of economic factors on radiological 
capacity both within and across countries. It also presents 
an opportunity for collaboration between the private and 
public sectors to address existing gaps. Studies have also 
highlighted additional inequalities impacting radiolog-
ical capacity in low-income countries, such as a shortage 
of qualified human resources in radiology, outdated 
equipment and inadequate infrastructure, including 
unreliable power supply.51–53 These challenges highlight 
the complex interplay of factors influencing healthcare 
resource distribution and access in resource-constrained 
settings.

The implications of radiological disparities54 are partic-
ularly relevant for any disease requiring radiology for its 
confirmatory diagnosis. Perhaps a paradigmatic example 
of this relates to the diagnosis of paediatric TB, espe-
cially in low-income countries with a high TB burden 
like Mozambique. Disparities in radiological capacity can 
contribute to delayed or missed diagnoses (for TB and 
other respiratory problems), inadequate treatment, and 
other unforeseen consequences, especially in vulnerable 
populations such as children. The use of imaging tools 
to complement diagnostic algorithms is recommended 
to enhance paediatric TB case detection, facilitate 
early treatment and reduces transmission and mortality 
rates.55 However, in countries where such disparities 
exist, there is a risk of not achieving global targets set by 
EndTB strategies. Addressing these disparities is crucial 
for ensuring equitable access to healthcare services and 
improving the efficiency and effectiveness of TB control 
programmes. This supports the importance of investing 
in and strengthening radiological services, particularly in 
low-income countries with high TB burdens, to achieve 
better health outcomes and contribute to global TB elim-
ination efforts.

Various solutions have been proposed to address the 
lack of access to medical imaging LMICs. The Lancet 
Commission on Diagnostics and Lancet Oncology 
Commission on Medical Imaging and Nuclear Medicine 

has provided a roadmap for improving accessibility to 
imaging diagnostics in LMICs.22 23 These recommenda-
tions emphasise the need for multipronged and context-
specific solutions to radiological inequality. Simply 
increasing the number of radiological units is insuffi-
cient; there must also be a focus on increasing radiolog-
ical human resources, as well as improving infrastructural 
and technological support systems. These elements must 
work in concert to achieve meaningful improvements in 
healthcare delivery and outcomes.

For instance, to enhance radiological services in 
Mozambique, establishing a dedicated radio-diagnostic 
department within the Ministry of Health, similar to what 
South Africa and Spain have done, could be beneficial. 
This would prioritise the country’s radiological services 
effectively by mobilising funds, advocating for resources 
and identifying gaps promptly. Additionally, developing 
national guidelines in collaboration with the private 
sector (which has not yet surpassed the public sector 
in Mozambique) could standardise the distribution of 
imaging diagnostics. These guidelines could consider 
population demographics, disease burden and regions 
with the least access to resources to ensure equitable 
access to medical imaging across the country.

Integrating portable AI-powered X-ray technology 
with remote reading capabilities could offer a promising 
solution, particularly for low-income countries facing 
challenges with specialised human resources. This tech-
nology has the potential to enhance diagnostic capabili-
ties, particularly in remote or underserved areas where 
access to radiological expertise is limited. However, to 
ensure the effective implementation of this solution, it 
is essential to provide an exhaustive training package for 
technicians operating the equipment, including compre-
hensive training in radiation protection protocols. By 
addressing both technical and human resource aspects, 
this approach could significantly improve access to high-
quality radiological services in resource-constrained 
settings.51 56 Artificial intelligence (AI) algorithms can be 
trained to detect TB-related abnormalities on CXR with 
high accuracy. By analysing large volumes of imaging 
data, AI can identify potential TB cases and flag them 
for further review. This automation process streamlines 
the radiologist’s workflow by prioritising images based 
on detected abnormalities, thereby improving diagnostic 
efficiency and ensuring timely intervention for patients 
with TB.57–59

Additionally, the use of point-of-care ultrasonography 
(POCUS) as an imaging alternative in the diagnosis of 
paediatric TB is gaining popularity. POCUS is attractive 
due to its affordability, accessibility and lack of radiation 
exposure risk. Its portability and real-time imaging capa-
bilities make it a valuable tool, especially in resource-
limited settings where access to conventional imaging 
modalities may be limited. Further research and integra-
tion of POCUS into diagnostic algorithms for paediatric 
TB could significantly improve early detection and treat-
ment outcomes.60–62



8 Munyangaju I, et al. BMJ Public Health 2024;2:e001392. doi:10.1136/bmjph-2024-001392

BMJ Public Health

Spain’s approach to addressing radiological inequities 
serves as a notable example of a country-tailored solution. 
The country identified certain health facilities with obso-
lete equipment and a lack of high-tech machines such as 
CT scans. To rectify this, Spain implemented the Invest-
ment Plan in High Technology Equipment (INVEAT), 
funded by the European Union. This plan aims to 
increase access to radio diagnostics by replacing obsolete 
high-tech machines and boosting the density of high-tech 
units by 15% per 100 000 people by 2026. Notably, the 
plan does not include X-rays, mammography and ultra-
sound machines. The INVEAT plan has been allocated 
€796.1 million for implementation.63

The study has some limitations that warrant consider-
ation. First, it does not exhaustively consider all poten-
tial influencing factors on radiological capacity. The 
lack of data on the unit functionality status, including 
maintenance and usage, is a notable limitation as it 
could confound local differences and potentially lead 
to an overestimation of radiological capacity in cases 
where machines may be non-functional. Nevertheless, 
the study’s findings shed light on significant variations in 
capacity, highlighting areas for improvement in service 
provision.

Additionally, there was a lack of disaggregated data on 
private and public sector X-ray machines in South Africa 
and Spain. Furthermore, the study did not address 
how the private and public sectors interact in terms of 
radiological services. While not exploring specific inter-
actions between the private and public sectors, the find-
ings highlight the importance of considering broader 
contextual factors in allocating healthcare resources to 
Mozambique.

In Mozambique, census data used for the study were 
projections provided by the National Statistics Institute, 
which are estimates and may not accurately represent 
the current population. While TB burden was used as an 
example to assess disease burden, it is important to note 
that radiological diagnostics are used for a wide range 
of diseases as referred to previously. Therefore, the find-
ings should be interpreted with caution and not gener-
alised beyond TB diagnostics. Lastly, using machines per 
population served for the public and private sectors as a 
measure of radiological capacity is a rough estimate and 
should be interpreted with caution. There may be a cross-
over between regions and sectors that are not accounted 
for in the current study.

While acknowledging these limitations, the study 
provides a comprehensive analysis of radiological capacity 
disparities and their underlying economic influences. To 
better inform targeted interventions aimed at reducing 
disparities in radiological capacity and improving diag-
nostic capabilities, particularly in resource-limited 
settings, future research should examine the complex 
dynamics of healthcare systems, incorporating qualitative 
factors and regional variations.

CONCLUSION
The study identifies significant disparities in radiological 
capacity across the studied countries, with Mozambique 
having the lowest capacity per million people and notable 
regional and intracountry differences. South Africa 
exhibited a much higher capacity, while Spain had the 
highest. These findings emphasise the need for further 
research and interventions to improve access to radio-
logical services, especially in resource-limited settings. 
Addressing these disparities is critical for equitable 
healthcare access, improving TB control programmes 
and advancing global TB elimination efforts. Potential 
solutions include establishing dedicated national radio-
diagnostic departments, developing national guidelines 
and integrating portable AI-powered X-ray or POCUS 
technology. This analysis will provide valuable insights for 
policy-makers in planning and advocating for improved 
radiological resources.
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