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Abstract

Background:The availability and accessibility of Prosthetics and Orthotics (P&O) services in Ghana remain largely unquantified, with anecdotal
evidence suggesting significant disparities between urban and rural areas.

Methods: A quantitative, cross-sectional geospatial design was utilized in this study using Geographic Information Systems (GIS) to map P&O
service distribution. Data on regional population density and P&O facility locations were integrated. Spatial analysis in ArcGIS Pro 2.4 involved
generating choropleth maps for population density, overlaying facility locations, and performing spatial joins to aggregate facility counts per
region. Pearson correlation and linear regression analyses were conducted in SPSS 26.0 to assess the relationship between population density
and P&O facility distribution.

Findings: The analysis revealed a concentrated distribution of P&O facilities in Ghana, predominantly in the southern and central regions,
aligning with areas of higher population density. A strong, statistically significant positive correlation was found between regional population
density and the distribution of P&O facilities (r = 0.74, p < 0.001). The linear regression model indicated that population density significantly
predicts facility distribution, though it only explains 54% of the variability. This suggests that non-density factors, such as urban bias and
historical economic investment, could play a substantial role in shaping the observed disparities.

Conclusion: This study provides evidence of the uneven geographic distribution of P&O services in Ghana, with a marked clustering in high-
density southern regions and significant gaps in northern and less urbanized areas.
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Introduction

Prosthetics and Orthotics (P&0O) represent critical
rehabilitative services that significantly enhance the mobility,
functional independence, and overall quality of life for
individuals living with physical disabilities [1]. Prosthetics
involve the design, fabrication, and fitting of artificial limbs
to replace missing body parts, while orthotics focus on the
provision of external devices that support, align, prevent, or

correct musculoskeletal deformities and improve the function
of movable parts of the body [2,3]. In low- and middle-income
countries (LMICs), the demand for these essential services is
disproportionately high, driven by a complex interplay of
factors including the prevalence of road traffic accidents,
complications from non-communicable diseases such as
diabetes leading to amputations, congenital anomalies,
and, in some contexts, the lingering effects of conflict [4,5].
Despite this substantial and often escalating need, the
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provision of P&O services in these regions frequently remains
inadequate, characterized by systemic barriers to availability
and accessibility, particularly for populations residing in rural
and underserved areas [6,7].

In Ghana, a West African nation with a population exceeding
30 million, the need for robust P&O services is underscored by
a growing burden of disability attributed to factors such as the
high incidence of road traffic accidents, the rising prevalence
of diabetes-related amputations, and the ongoing challenge
of congenital conditions requiring early intervention [8-10].
Despite this pressing national need, the precise geographical
distribution and actual availability of P&O services across the
country remain largely unquantified. Literature evidences
have consistently suggested profound disparities in service
availability, with urban centres seemingly better resourced
and accessible compared to vast rural hinterlands [9,11].
However, a comprehensive, national-level spatial analysis to
substantiate these observations and pinpoint specific gaps
has been conspicuously absent from the scientific literature.

Geographic Information Systems (GIS) offer an exceptionally
powerful and robust analytical framework for visualizing,
analyzing, and interpreting spatial patterns in healthcare
service distribution [12]. GIS, if adapted properly can enable
researchers to precisely identify underserved areas and
critically inform evidence-based strategies for improving
service delivery by systematically mapping the precise
locations of available P&O facilities and assessing crucial
accessibility factors such as travel time and distance from
population centres [13,14]. This methodology is particularly
pertinent in contexts like Ghana, where resource allocation
must be optimized to achieve equitable health outcomes.

Despite the transformative potential of geospatial
mapping for healthcare planning, a critical gap exists in the
comprehensive understanding of P&O service distribution
and availability in Ghana. Previous research efforts in the
country have largely focused on broader aspects of healthcare
accessibility, availability or confined their scope to specific
regions, without specifically addressing the specialized and
distinct domain of P&O services at a national scale [15-18].
To the best of our knowledge, this study represents the
inaugural comprehensive geospatial mapping and availability
assessment of prosthetics and orthotics services across all the
16 administrative regions of Ghana. This pioneering study
addresses a significant knowledge gap by systematically
mapping the geographic distribution of P&O facilities across
Ghana and analyzing their alignment with regional population
densities. The primary objective is to identify underserved
regions and highlight disparities in service availability, thereby
informing targeted recommendations for more equitable
access and national planning of P&O services.

Methodology
Study design

This study employed a quantitative, cross-sectional
geospatial design using Geographic Information Systems
(GIS) to map the distribution of Prosthetics and Orthotics
(P&O) services across Ghana. It was conceptually designed to
assess the alignment between service availability and regional
population distribution, with the goal of identifying spatial
disparities in service provision.

Study area

The study was conducted across all 16 administrative
regions of Ghana. Ghana, a West African nation, covers a total
land area of approximately 238,533 square kilometers and
exhibits diverse geographical features and varying levels of
urbanization and population distribution.

Data sources and collection

Multiple geospatial and statistical datasets were utilized.
Regional population density data for Ghana were obtained
from the Ghana Statistical Service (GSS), primarily based
on the 2021 Population and Housing Census. This dataset
provided detailed population counts aggregated at the
regional level, which were then used to calculate population
density (persons/km?) for each administrative region.

Locations of P&O facilities in Ghana were compiled through
a multi-pronged approach. A master list of licensed facilities
was obtained from the Ghana Association of Prosthetics and
Orthotics (GhAPO) and the Allied Health Professions Council
(AHPC). This list was cross-validated through institutional
consultations with officials of GhAPO and AHPC, which
maintain national oversight of licensed P&O facilities. A total of
14 licensed P&O facilities were identified nationwide as of June
2025. These facilities were distributed across 7 of Ghana's 16
administrative regions. The regional distribution of identified
licensed P&O facilities across Ghana is presented in Table 1.
Geospatial coordinates (longitude and latitude) for each
facility were captured using the Ghana Post GPS app (version
3.0). To ensure accuracy, the app’s coordinates were validated
against those from a Trimble Geo 7X Handheld GNSS System,
using known control points across diverse settings. The Ghana
Post GPS app was confirmed to be sufficiently accurate for
geospatial analysis in this context. The geographic coordinates
(latitude and longitude) and facility count for all identified
P&O service locations were collected between 15th April 2025
and 15th June 2025. Administrative boundary shapefiles were
sourced from the Survey and Mapping Division of Ghana.
These boundaries defined the regional units for geospatial
mapping and analysis.
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Table 1. Distribution of licensed P&O facilities by administrative
region (June 2025).

Region Number of Facilities
Greater Accra 4
Eastern 3
Central 2
Ashanti 2
Ahafo 1
Upper East 1
North East 1
Other 9 Regions 0

Data processing and analysis

All spatial analyses were conducted in ArcGIS Pro 2.4 (Esri
Inc.,, Redlands, CA, USA). Data layers, including administrative
boundaries, population density, road networks, and P&O
facility locations, were projected to a common coordinate
system (WGS 1984 UTM Zone 30N) to ensure consistency and
spatial alignment.

To visualize population distribution, choropleth maps were
generated based onregional population densities derived from
the 2021 Population and Housing Census. Regional population
densities were classified using a quantile classification method
in Esri ArcGIS Pro 2.4, which groups regions into classes
containing an equal number of observations. Five quantile
classes were generated to represent relative population
density gradients across the country, ranging from very low
to very high density. This approach was selected to facilitate
comparative visualization across regions and to highlight
relative disparities rather than absolute thresholds. The
resulting classes were symbolized using a sequential color
gradient, with lighter shades representing lower densities
and progressively darker shades indicating higher densities.
The spatial distribution of P&O facilities was then mapped
by overlaying geocoded facility point data onto the regional
administrative map. This allowed for visual identification of
service clusters and underserved regions.

A spatial join was performed to aggregate the number of
P&O facilities within each administrative region. This enabled
a direct comparison between the number of facilities and the
corresponding regional population densities. To statistically
assess this relationship, Pearson correlation and linear
regression analyses were conducted in SPSS (version 26.0, IBM
Corp.), using regional population density and the total number
of P&O facilities per region as the two variables. These tests
evaluated the strength and significance of the association
between demographic concentration and service availability.

Ethical considerations

This study used exclusively secondary and publicly available

or anonymized data. No human subjects were involved;
therefore, formal ethical review board approval was not
required. Nonetheless, all data handling followed scientific
standards of data protection and ethical integrity.

Results

Thissection presents thefindings from the geospatial analysis,
detailing the distribution patterns of population density
and Prosthetics and Orthotics (P&O) service facilities across
Ghana's regions, and examining their spatial relationship.

Population density distribution

The analysis of population density across Ghana's regions
reveals distinct patterns. Regions such as Savannah (18.78
persons/km?®), and Bono East (51.76 persons per/km?),
exhibited relatively low densities, while Greater Accra stood
out with 1,681 persons/km” Upper West shows a density
of approximately 48.79 persons per km’. These areas are
characterized by vast land areas and comparatively dispersed
populations. Intermediate densities are found in regions like
North East (72.65 persons/km?®), Oti (67.53 persons/km?),
Northern (87.13 persons/km?), Western North (87.4 persons/
km?), Ahafo (108.7 persons/km?), and Bono (108.8 persons/
km?), bridging the gap between sparsely populated and
denser regions. In contrast, southern regions such as Eastern
(151.4 persons/km?), Volta (174.6 persons/km?), Central (291
persons/km?®), Ashanti (223.1 persons/km?®), and Western
(148.9 persons/km?), show notably higher population
densities. The Greater Accra Region stands as a significant
outlier, demonstrating an exceptionally high population
density, approximating 1681 persons/km?, which reflects its
status as the most urbanized and densely populated area in
the country.

Distribution of prosthetics and orthotics services

The spatial mapping of P&QO facilities across Ghana
revealed a concentrated distribution. A total number of 14
P&O facilities exist in Ghana as at June 2025. Out of the 16
administrative regions in Ghana, only 7 regions have P&O
centers. A significant presence (n=12) of these facilities is
predominantly observed in the southern and central parts
of Ghana, specifically in Greater Accra (4 facilities), Eastern (3
facilities), Central (2 facilities), Ashanti (2 facilities), and Ahafo
(1 facility). This concentration aligns with areas of higher
general healthcare infrastructure and economic activity. Only
two facilities are located in the northern section of Ghana
(Upper East and North East), each with a single P&O facility.
The geographic distribution of P&O facilities across Ghana is
visually represented in Figure 1. As shown in Figure 1, P&O
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Figure 1. Distribution of P&O facilities in Ghana.

services cluster visibly in southern Ghana, leaving wide service
gaps in the north. Consistent with its high population density
and urban development, Greater Accra hosts the highest
number of P&O facilities, serving as a major hub for these
specialized services. Conversely, the regions (n=9), including
Bono (0 facilities), Bono East (0 facilities), Northern (0 facilities),
Oti (0 facilities), Savannah (0 facilities), Upper West (0 facilities),
Volta (0 facilities), Western (0 facilities), and Western North (0
facilities), demonstrate a notable scarcity or complete absence
of P&O facilities. This stark disparity is observed despite some
of these regions having moderate population densities.

Spatial relationship between population density and
P&O services

A notable spatial mismatch was observed across most regions
of Ghana between population density and the availability of
P&O services, further elucidated by quantitative analyses and

visual representations (Figure 2).

A Pearson correlation analysis revealed a strong, statistically
significant positive relationship between regional population
density and the distribution of P&O facilities (*r* =
0.74, *p*<0.001). This suggests that, broadly, more densely
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Figure 2. Overlay of P&O facilities on Ghana's population density map.

populated regions in Ghana tend to have greater a higher
availability of prosthetics and orthotics services (Table 2).

Table 2. Correlation between population density and P&O facility
availability.

Variable *r¥ *p*-value

Population Density vs. Facilities 0.74 0.001

Alinearregression model furtherexploredthis relationship,
revealing that population density significantly predicts
P&O facility distribution (y=0.0023x+0.3684, R> = 0.54). This
model indicates that for every 100 persons/km? increase in
density, the number of facilities increases by approximately
0.23 (Figure 3). However, the R? value of 0.54 demonstrates
that population density alone explains only 54% of the
variability in P&O facility distribution. This highlights that a

substantial portion of the distribution pattern is influenced
by non-density factors, such as urban bias, historical
economic investment, and the uneven development of
healthcare infrastructure.

Statistically, no regions met formal outlier thresholds in
the regression analysis, suggesting a consistent underlying
trend. Nevertheless, the qualitative spatial analysis revealed
critical instances of systemic exclusion. Specifically, regions
suchasUpperWest, Bono East,and Savannah, despite having
population densities ranging from 18.78 to 51.76 persons/
km?, lacked any P&O facilities. This stark absence signals
a profound inequity in availability. While Greater Accra's
provision of four facilities aligned with its exceptionally
high population density, a closer examination of per-
capita access indicated that even in this well-served region,
the rate remained low at 2.38 facilities per 100,000 persons.
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These finding highlights not only regional disparity but also
a national shortfall in P&O service coverage, underscoring the
need for both horizontal equity (across regions) and vertical
equity (relative to need). The findings collectively point to
a complex interplay of demographic and socioeconomic
factors dictating the current geographical distribution of
P&O services, with significant disparities in availability for
populations residing in less urbanized or underserved regions.

Discussion

This study provides the first geospatial analysis of Prosthetics
and Orthotics (P&QO) service distribution across all 16
administrative regions of Ghana. The results revealed that P&O
facilities are disproportionately concentrated in the southern
part of the country, particularly in regions with higher
population densities such as Greater Accra and Ashanti. A
strong positive correlation (r = 0.74) was observed between
regional population density and the number of P&O facilities,
highlighting that service distribution is heavily skewed toward

high-density areas, often at the expense of rural populations
with comparable rehabilitation needs. Even in the most
well-served regions, per capita availability remained low, for
example, Greater Accra had just 2.38 facilities per 100,000
people, indicating a broader national shortfall.

The linear regression model further confirmed population
density as a statistically significant predictor of P&O
facility distribution. However, the moderate coefficient of
determination (R?= 0.54) underscores that population density
alone does not fully explain the spatial disparities observed.
Some regions deviate notably from this trend. For instance,
Upper West, despite relatively high population density, has
no recorded P&O facilities. Such deviations point to systemic
inequities beyond demographic drivers, which may include
historical underinvestment, geographic marginalization, and
workforce maldistribution [19-21]. These findings suggest
that policy approaches relying solely on population metrics for
resource allocation are insufficient and must be supplemented
by targeted equity-based planning.
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The clustering of services in denser urban regions is
consistent with broader healthcare distribution patterns,
where infrastructure, professional staffing, and economic
viability attract providers to metropolitan areas [22,23]. The
strong positive correlation between regional population
density and the availability of P&O facilities (r=0.74, p<0.001),
with Greater Accra being a significant outlier is consistent with
Nsiah et al. (2024) [20], who, while focusing on a rural district,
similarly found that approximately 40% of health facilities were
located in the district capital, leading to substantial disparities
in primary and secondary healthcare accessibility based on
settlement characteristics and proximity to facilities. Similarly,
Farhan et al. (2025) [24], in their analysis of neonatal mortality,
reported that rural areas faced critical access barriers, with
over 60% requiring more than 60 minutes to reach hospitals.
This further supports the notion that population density and
urbanization are key drivers of healthcare facility placement
in Ghana, which is often to the detriment of less populated or
geographically isolated areas [25,26]. While this may support
operational efficiency, it worsens access challenges in less
urbanized regions, violating the principle of vertical equity,
which calls for greater support in areas with fewer resources
or heightened vulnerability [27].

The challenges highlighted in this study, particularly the "stark
absence" of P&O facilities in regions like Upper West, Bono
East, and Savannah despite moderate population densities,
resonate deeply with the broader issues of health equity and
resource allocation discussed by other scholars. Dumedah et
al. (2023) [23] emphasize that health equity is fundamental
to improving the health of disadvantaged populations and
that spatial access to health services is a vital characteristic of
health disparity. Their study across four Ghanaian urban areas
similarly found low and inequitable spatial access to health
services, with economically disadvantaged populations
enduring longer travel distances [23]. This aligns with this
study’s observation that even in Greater Accra, per-capita
access to P&O services remains low, highlighting a national
shortfall beyond just regional disparities. Furthermore,
Tansley et al. (2017) [28] found that poverty and poor spatial
access to surgical care co-localize in the northwest of Ghana,
reinforcing the multifaceted nature of access barriers beyond
just population density, encompassing socioeconomic factors
and historical investment patterns.

The implications of these disparities are profound and extend
across various specialized healthcare services. Our findings
regarding the concentration of P&O services in the south and
centralpartsofGhana,leavingwideservicegapsinthenorth,are
consistent with the broader picture of specialized care access.
Scott et al. (2022) [29], for instance, revealed major national
deficits and significant geographic disparities in radiotherapy
capacity, with the greatest benefit from new facilities seen in
the northern half of Ghana, an area underserved by specialized

care. Ashiagbor et al. (2020) [17] also demonstrated that while
general primary healthcare access in the Ashanti region was
relatively high (81.4%), accessibility to secondary and tertiary
care was significantly lower (61.4% and 14.3%, respectively),
particularly in rural districts. This underscores a systemic issue
where specialized services, whether P&O, radiotherapy, or
higher-level general or special care, are concentrated in urban
centres, creating significant barriers for those in rural and less-
developed regions. The potential for eHealth strategies and
telemedicine, as explored by Lo et al. (2020) [30] for burn care,
offers a promising avenue to bridge these gaps, suggesting
that a multi-pronged approach is necessary to address the
persistent inequities in healthcare accessibility across Ghana.
This implore that consideration of hybrid models such as tele-
rehabilitation or community-based outreach can be beneficial
as interim strategies in areas where P&O permanent facilities
may not yet be feasible.

Limitations, recommendations, and

policy
implications

This study provides the first national geospatial assessment
of P&O service distribution in Ghana, but certain limitations
must be acknowledged. The analysis relied on official
lists of licensed facilities, which may exclude informal and
unregistered P&O service providers in Ghana. The analysis
focused on fixed, licensed P&O facilities. At present, Ghana
does not have established mobile P&O outreach services that
extend care to rural or remote communities. Therefore, the
geographic disparities identified in this study are unlikely to
be offset by mobile outreach services. In addition, the number
and type of professionals (prosthetists versus orthotists)
available at each facility were not examined. Variations in
workforce composition may influence service capacity and
specialization, and the absence of this information may affect
conclusions regarding the adequacy and equity of service
distribution. Population density data from the 2021 census
served as a proxy for service demand but did not capture the
true population in need of P&O services. The study also did
not include network-based measures such as travel time or
distance, limiting its ability to fully characterize accessibility.

As a cross-sectional analysis, it presents a static view that
does not reflect temporal changes in service coverage or
population movement. Furthermore, facility presence alone
does not indicate service quality or capacity.

These findings highlight the need for targeted policy action.
Efforts to expand P&O infrastructure in northern Ghana are
critical to addressing geographic inequities. Future planning
shouldincorporate more nuanced indicators of need, including
disability prevalence and transport access. Integrating service
quality and operational capacity into future assessments will
also be essential for ensuring equitable, effective rehabilitation
care across the country.
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Conclusion

This study provides critical evidence on the geographic
distribution and population alignment of Prosthetics and
Orthotics (P&O) services in Ghana. The findings reveal a
disproportionate clustering of facilities in high-density
southern regions, with marked service gaps in the northern
and less urbanized areas. While population density emerged
as a significant predictor of facility distribution, the moderate
explanatory power of the regression model suggests that
systemic and structural factors could also play a substantial
role in shaping access. These disparities point to the urgent
need for policy frameworks that go beyond population-
based allocation to incorporate principles of equity, need, and
regional inclusion. Targeted expansion of P&O infrastructure
in northern Ghana is critical to address geographic inequities
in service availability and to ensure more balanced service
coverage nationwide. Geospatial analysis, as demonstrated in
this study, offers a powerful tool to guide targeted planning
and equitable expansion of rehabilitation services, supporting
Ghana’s broader goals of health equity and inclusive
development.
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