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Abstract: A contemporary approach to the spatial design of healthcare care facilities faces numerous
challenges at the crossroads of multidisciplinary topics of architecture and urbanism, healthcare,
security, and organisational sciences. Due to the unique combination of uses, users and architectural
expression, they are defined as urban nodes. With their inclusion, architects facilitate a better
placing of healthcare facilities, indirectly improving human health. The purpose of the article is
to seek guidelines for the siting of healthcare facilities to provide suitable and equal healthcare to
different social structures, and for the optimal and fair spatial distribution of healthcare services.
The descriptive method was used to review literature on the siting of healthcare facilities based on
the purpose of their operation, demographic changes, environmental characteristics, and the impact
on public health. This method was selected as it facilitates data acquisition from various sources
and a comprehensive understanding of the topic discussed. The results of the research show how
important the impact of the healthcare care facilities siting on human health and the wider social
significance of the topic discussed is. The findings may provide guidelines and proposals for future
spatial decisions.

Keywords: healthcare facility location; healthcare facility location modelling; hospital geographic
location; healthcare facility location planning; healthcare facility spatial planning

1. Introduction

Providing suitable and equal healthcare to various layers of society, and an optimal and
fair spatial distribution of healthcare services are among the crucial questions concerning
social protection. The reason is that the optimal spatial distribution and evenly distributed
healthcare services enable users to access healthcare services and improve the spatial
distribution of hospitals on the basis of related standards and regulations. Therefore,
locations when siting healthcare facilities should be suitably evaluated [1].

A poor siting of facilities could impair related services and increase costs, making
decisions on the location of facilities crucial to the strategic concept of private and public
organisations (e.g., commercial buildings, warehouses, airports, police stations, hospitals,
etc.). Global trends have made healthcare and the related siting of healthcare facilities more
critical and important for society than lower fertility, increased life expectancy, and related
population ageing and environmental issues [2].

Several application models have been developed to determine location when planning
healthcare services. For developing countries, they were reviewed by Rahman and Smith [3],
who divided them into four categories: (i) seeking optimal locations; (ii) defining optimal
locations in a new area; (iii) measuring the effectiveness of past decisions on locations; and
(iv) improving existing location patterns.
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A crucial factor promoting human health and enabling people to fully utilise the
healthcare system is good access to healthcare, which is impacted by numerous factors, i.e.,
the scope of healthcare services; demand for healthcare; population health; demographic
characteristics; socioeconomic status; and geographic impedance between the population
and healthcare services [4]. However, the concept of healthcare accessibility is complicated,
and difficult to define and measure.

Access to healthcare is a multidimensional concept. Therefore, both spatial and non-
spatial parameters, which are part of two categories of healthcare access: potential and
realised access [5], must be taken into account [6]. Potential access refers to people having
direct access to these services on the basis of existing conditions, but does not warrant
their use. Realised access based on potential access focuses on the actual use of services.
Both types of access are divided into spatial and non-spatial access, depending on how
access is affected by spatial (e.g., siting and distance or travel time) and non-spatial (e.g.,
socioeconomic status or cultural background) factors [7–11]. Differences in spatial access
are due to the location, and the uneven distribution of the population and healthcare
providers.

The siting of healthcare facilities is a process, which must take into account several
stakeholders: patients, who need access to facilities, physicians, who strive for attractive
and easily accessible workplaces, taxpayers, who require good value for their contributions,
and politicians, who aim to attain their goals [12].

When seeking suitable locations for the siting of healthcare facilities, large amounts of
data on spatial and location aspects must be collected, aggregated and analysed to correctly
assess crucial factors. Such analyses make use of combinations of location and multiple-
criteria models. As part of information technology, a geographic information system (GIS)
set up to store, obtain, modify, analyse and form data is frequently used in organisations
responsible for healthcare management worldwide at regional and local levels. The use of
the GIS systems may be crucial to the optimal siting of healthcare facilities and their spatial
accessibility [1,13].

In healthcare, incorrect siting seriously affects communities, as healthcare facilities
that are difficult to access are connected with increased morbidity and mortality [2]. From
this aspect, optimal siting in healthcare is more important than in other fields. As a result,
decisions made in this relation are more significant and must be made systematically by
taking into account the complete spatial context.

On the assumption of good public health as a priority source of sustainable develop-
ment in general, it is necessary to design public space to reduce stress and anxiety, increase
user satisfaction, and promote health in urban space [14]. When siting healthcare facilities
in the wider space, it is also crucial to be aware of the positive effects of a well-designed
immediate outdoor space, which significantly affects the patient treatment process. The
design of outdoor spaces must take into account various elements, which may contribute
to a healing environment with positive effects on the patients’ well-being and the results of
their treatment, while enhancing the general effectiveness of hospitals. Despite the fact that
hospital design has been affected mainly by economic factors in the past century, leading to
potential restorative benefits of their immediate surroundings being neglected, the recently
developed and integrated healthcare systems are more focused on the patients’ needs in
terms of treatment and services in view of their satisfaction [15].

An important finding attributed to sensory perceptional stimulation in the treatment
process of hospitalised patients increasingly prompts the designers of care and healthcare
facilities to improve physical and environmental elements of ‘nature’, contributing to the
regeneration of physical and emotional states of sick people. It is no coincidence that the
basic design principles in the Asclepieia in ancient Greece included “the insertion of facilities
that will be used for care in areas strongly connected with nature, with the holy forest”, equipped
with open spaces for leisure and physical activities, which have a psychological effect on
patients. The design of hospital outdoor spaces must be fully integrated in the design of
hospital indoor spaces [14].
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2. Materials and Methods

Knowledge generation in the field of healthcare facility spatial allocation is accelerating
at a fast pace, while staying fragmented and interdisciplinary at the same time. This
makes keeping up with state-of-the-art and being at the forefront of research difficult,
as well as assessing the collective evidence in this specific area of research. This is why
the literature review as a research method is more relevant than ever. By integrating
findings and perspectives from multiple empirical studies, a literature review can address
research questions with a power that no single study can match [16]. Therefore a narrative
review [17] was used to review the literature on the spatial location of health and social care
facilities. This method allows data to be obtained from a variety of sources, thus providing
a comprehensive understanding of the area under study.

In the research, we focused on analyses of scientific, expert and a cross-sectional review
of articles and research on the siting of healthcare care facilities based on the purpose of
their operation, demographic changes, environmental characteristics, and the impact on
public health. Due to its changed demographic and increasing needs, architects, urban
planners, and policy makers requires a critical analysis of the architecture of healthcare
care facilities from the aspect of use and usability in the future. Literature was searched
in three databases, i.e., Science Direct, Web of Science and PubMed. The total number of
search results was 293,362 as shown in Table 1.

Table 1. The Siting of Healthcare Care Facilities Literature Selected.

Keyword No. of
Results

Selected
Results

Final
Selection

ScinceDirect

Healthcare facility location 22,125 14 3
Healthcare facility location modelling 83,953 11 1
Hospital geographic location 83,060 16 0
Healthcare facility location planning 50,438 13 1
Healthcare facility spatial planning 13,745 24 3

WEB OF
SCIENCE

Healthcare facility location 1561 8 1
Healthcare facility location modelling 1820 7 1
Hospital geographic location 2014 6 1
Healthcare facility location planning 891 5 1
Healthcare facility spatial planning 317 7 2

PUB MED

Healthcare facility location 19,564 16 4
Healthcare facility location modelling 6372 7 0
Hospital geographic location 3285 1 0
Healthcare facility location planning 3340 21 1
Healthcare facility spatial planning 877 17 4

Total 29,362 173 23

Another step of methodology following the Prisma diagram scheme, consists of differ-
ent segments: Determination, Review, Suitability, and Inclusion (Figure 1) and overview of
inclusion and exclusion of criterion (Table 2).

The Spatial Allocation of Healthcare Facilities Review

Literature was searched in three databases as already mentioned before, i.e., Science
Direct, Web of Science and PubMed.

Following duplicate exclusion and taking into account the inclusion criteria, 23 articles
were part of the final analysis.

To provide the reader with further information on the studies included in this review,
the following Table 3 outlines the details of the author, the year of publication, purpose of
research and key findings.
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Figure 1. Adapted PRISMA diagram. PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Published in Slovenian or English. Not published in Slovenian or English.

Access to full text. Access only to abstract or bibliographic data.

Original research scientific articles, monograph,
review of a scientific article.

Discussion articles, academic articles, letters
sent to the editorial office.

Thematic relevance. Document not directly related to our review.

Selected words in the title, keywords and the
abstract.

Literature that does not refer to the whole
topic.

Articles published in 2010 and later. Articles published prior to 2010.
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Table 3. Description of studies included in the literature review.

Author and Year Purpose of Research Key Findings

Dulin et al., 2010 [18]

The article presents the use of GIS in the
understanding of primary healthcare needs in
communities. GIS is used to assess the patterns

of healthcare use, including attributes at the
community level, to identify the geographical

regions that need access to healthcare
most urgently.

The results showed that the use of GIS for
generally accessible data at the community and

patient levels may rapidly identify the areas
that need a better access to primary healthcare

services most urgently. This model may
improve access to healthcare.

Shahid et al., 2010 [19]

The article compares distance measurements in
the spatial analytical modelling of the

healthcare service planning. The research
compares the following three methods:

Euclidean, Manhattan and Minkowski, which
are used to assess distances from patient

homes to hospitals.

The results showed that the assessed
measurements of distances and travel times are
the most accurate, but cannot be used directly
in spatial analytical modelling. The Euclidean
method underestimates road distance and time;
the Manhattan method usually overestimates

both. The Minkowski method partially
improves their deficiencies, as it is adaptable,

suitable for the analytical modelling and more
accurate than conventional measurements. Its

use improves the reliability of spatial
analytical models.

Burkey, Bhadury,
Eiselt, 2012 [12]

The research studies the efficiency and equality
of the geographic accessibility of hospitals in
four US states using the criteria of efficiency,

the availability of services and equality. It
compares existing and optimal locations.

The results of the research showed that existing
locations provide a nearly optimal geographic

healthcare access and foresee options
for improvement.

Dewulf et al., 2013 [20]

The purpose of the research was to verify
whether simple methods to determine

healthcare accessibility
(physician-to-population ratios–PPR) used by

policymakers in Belgium are sufficiently
accurate to suitable determine healthcare

shortage areas. At the same time, the goal was
to study how such methods work out in

comparison with more advanced methods
based on geographic information

systems (GIS).

It was established that the PPR method used by
policymakers in Belgium merely supports a

rough estimate of healthcare accessibility,
particularly due to large adjacent areas

(medical areas). Significant differences in the
quantity and spatial distribution in shortage

areas were established using various methods.

Gonçalves, Ferreira,
Condessa, 2014 [21]

The research addressed the decision-making
process regarding the siting of large public
buildings, which responds to the increasing

demand for more rationality of public
investments by taking into account the quality
of services and addressing spatial issues. The

analysis is used to define the best location for a
public hospital in a Portugal region.

The results show that segmentation to
macrolocations and microlocations is a special
feature of the used approach. The merger of
the relative criteria keys (better/worse), the
contributions of the geospatial analysis (e.g.,
centres of gravity) and quantitative data (e.g.,
minimum travel time) with other sources is

crucial to the decision-making process
regarding the location of public buildings.

Dehe, Bamford, 2015 [22]

The article studies and compares two
modelling methods used to make decisions on

the locations of healthcare facilities and
pertaining infrastructure. The proposed
models are based on seven main criteria
(environment and safety, size, total costs,
accessibility, design, risks and population

profile) and 28 sub-criteria.

By developing and studying models for
decision analyses, which apply several criteria,
the article contributes to the rationalisation of

the selection of healthcare facility and
infrastructure locations, particularly in future
decisions. The results also enable providers to

additionally study the characteristics of the
modelling to develop a reliable
decision-making framework.
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Table 3. Cont.

Author and Year Purpose of Research Key Findings

Yang et al., 2016 [23]

The study analyses the balance of the spatial
distribution of hospitals in Wuhan in China.
The objective of the study is to improve the
Huff model to analyse the accessibility of

healthcare facilities.

The results show that the latter is better in
central urban areas than in the suburbs. The
study proposes the multi-criteria evaluation
(MCE) to assess location when constructing

new hospitals, which may significantly
improve the accessibility of

healthcare facilities.

Ahmadi-Javid, Seyedi,
Syam, 2017 [2]

The research constitutes a classification
framework for various types of healthcare

facilities in terms of their location and a
literature review based on it. The issue of the

selection of healthcare facility locations is
divided into more detailed tables in 10

descriptive dimensions.

The results of the research define research gaps
in the location selection of each health facility

and provide possible future directions.
Literature and future research options are
analysed from the aspect of the modelling

approach and issue solving methods.

Mueller, Klein, Hof,
2018 [24]

The study presents tools for simple spatial
simulations for urban planning in small

municipalities, which may also be used to
determine locations of healthcare facilities.

The presented tool can be practically used in
daily administrative procedures in small

municipalities and may contribute to more
useful sustainable urban planning.

Graham, 2018 [25]

The study addresses the population
characteristics and the geographic coverage of

primary healthcare facilities by using two
approaches to study factors related to the

accessibility of doctors in Northern Ireland.

The results show that the population coverage
with primary healthcare is higher in more

at-risk areas, small areas and areas with more
older adults. The average travel distance is

related to shortage, the age of the population
and the size of the area. Policymakers should
consider the methodology and the results to
make decisions on the locations of healthcare

facilities and the provision of services. The key
factor in decisions on the locations of

healthcare facilities is the harmonisation of the
population needs for services and the supply

of medical resources.

Gu, L. Li, D. Li,
2018 [26]

The article developed a two-tier spatial
distribution model for elderly healthcare

facilities for older adults in large residential
communities by taking into account the

economical accessibility, which was used in a
case study in Nanjing in China.

A deeper insight in spatial data disclosed by
GIS foster the acquisition of potential locations

of elderly healthcare facilities. By their
optimization, this two-tier model improves the
fairness and efficiency of access to healthcare

services for older adults. It may also be used to
assist policymakers in providing suitable

healthcare services for low-income
older adults.

Lopes, Ribeiro,
Remoaldo, 2018 [27]

The article focuses on the planning of
healthcare services based on accessibility

measures based on the latest healthcare reform
in Portugal. The case study was used for

continental Portugal. Various scenarios were
developed to measure and compare the impact

on accessibility for the population.

The results related to the accessibility of
emergency services between 2001 and 2011

show that the distance is acceptable in most of
the country. However, significant differences
between urban and rural areas were detected.

It was established that a lower level of
accessibility in rural areas particularly affected

older adults.

Mishra et al., 2019 [28]

The study focuses on the methodology that
uses GIS and multiple-criteria decision-making
to achieve spatial efficiency in the development

of healthcare facilities.

It was found that the most important criterion
in decisions on the suitability of healthcare

facility locations is accessibility from
residences to facilities. The findings of the

study may benefit national policymakers in the
development of healthcare facilities by suitably
allocating funds to shortage areas, improving

the healthcare index and the quality of life.
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Table 3. Cont.

Author and Year Purpose of Research Key Findings

Erdoğan, Stylianou,
Vasilakis, 2019 [29]

The article presents an open-source tabular tool
as support in decisions on facility locations.

Using the tool in a healthcare case study,
computer tests showed that comparable values
can be optimally solved in decision making on

the location of facilities.

Farughi et al.,
2019 [30]

The main objectives of the research are to
devise a healthcare system, increase the level of

coverage, and reduce operating costs. The
study proposes a new multiple target
mathematical model to form compact,

balanced and adjacent districts in healthcare
systems. The target functions reduce

heterogeneous distortion and monitoring costs
for hygiene and public healthcare.

The results show that a model is devised to
ensure that all services required by each town
within a district are provided and reduce the
heterogeneity of districts in terms of services

required in their towns. In general, the formal
structure of the model fosters dealing with

issues and providing services in districts at the
same time.

Tan et al., 2019 [31]

This study provides useful information on the
planning and design of urban green areas with
specific characteristics that could improve their
accessibility and aesthetic quality, particularly

from the aspect of older adults.

The results show that the duration of visits to
green areas positively affects the mental and
social health of people. The statistical model
showed that such a connection is particularly

important to women and people with low
social support and social capital.

Chen et al., 2020 [32]
The research focuses on disparities in the

inequality of healthcare for older adults in
spatial and temporal terms.

The findings may assist policymakers in the
planning of healthcare services for the

increasingly older population and with the
provision of information on carers for prompt

and efficient treatment.

Cheng et al., 2020 [33]

The objective of this study is to examine the
spatial access to primary, secondary and

tertiary healthcare services for older adults
with an explicit focus on fairness and equal

distribution of geographic accessibility.

The findings show that spatial distribution
holds an important role in the accessibility of

healthcare services.

Serrano-Gemes, Rich-Ruiz,
Serrano-del-Rosal, 2020 [34]

The goal of the review article was to select
qualitative evidence to understand the

participants’ reasons for their decisions on the
locations of care for older adults. The analysis

included 46 articles.

The main outcome is the differentiation of
several reasons for each group of people

participating in the decision-making process on
the locations of care. The reasons are divided

into three factors: retention, pull or push. Such
a differentiation facilitates a more detailed and
in-depth analysis of the motivation of various

groups participating in this process.

Khashoggi, Murad,
2020 [35]

The purpose of the article is to study the
questions of healthcare planning and focus on
the potential of the GIS models in solving these
questions by using analytical approaches, i.e.,

to use analytical approaches to solve the
problem of healthcare planning using the

GIS models.

The main outcome is the development and use
of analytical approaches using the GIS models
to support two important aspects of healthcare

planning: monitoring and modelling an
epidemic despite a lack of medical information

and its management, and assessing spatial
inequality regarding healthcare accessibility to

determine the optimal distribution of
medical resources.

Weiss et al., 2020 [36]

The purpose of the study is to assess whether
individuals can access healthcare and to make
the first high-resolution global maps of travel

times to healthcare facilities.

The results show that 91.1 per cent of the
global population can reach a hospital/clinic if

they have access to a motorised vehicle, but
only 56.7 per cent can go on foot. Maps point
out the additional vulnerability of individuals
in low-income areas, where long travel times

are related to higher transport costs.
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Table 3. Cont.

Author and Year Purpose of Research Key Findings

Boisjoly et al.,
2020 [37]

The purpose of the feature is to qualitatively
define the spatial accessibility of healthcare

services by public transport on an example of
eight main Canadian metropolitan areas and

compare healthcare accessibility among
vulnerable population groups. The research

points out the challenges related to the
suburbanisation of poverty in large Canadian
metropolitan regions are the need to provide

efficient services of public transport to
hospitals on the outskirts.

The results show that more vulnerable people
in metropolitan areas have better access to
hospitals by public transport. This study is

relevant to researchers and policymakers, who
strive to improve healthcare accessibility,

particularly for vulnerable population groups.

McCarthy et al.,
2021 [38]

The objective of this study was to assess the
impact of hospital closures in relation to the

share of the population that can reach a
secondary healthcare facility within

15, 30, 45 or 60 min.

The research points out the significance of
healthcare accessibility, particularly in remote

areas. For example, recent closures of rural
hospitals (106) in the USA affect the

population’s access to hospital treatment. The
results show that the closures of rural hospitals
prevented 0–0.97 per cent of the population to

access a hospital within 15 min.

The review was conducted using five key search terms that were used for the review
process. Figure 2 outlines these key criteria in percentage for the studies which underwent
full text review and denotes the strength of individual criteria.
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3. Results
3.1. Planning Strategies

In this review, the reasons mentioned in the different studies included in our results
have been classified in key themes: tools and models, geographic accessibility and access
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equality. Table 4 below provides insight into the alignment of them with individual study
findings.

Table 4. Key themes involved in siting of healthcare care facilities. (X—Key theme alignment with
individual study findings).

Author and Year Tools and
Models

Geographic
Accessibility

Access
Equality

Dulin et al., 2010 [18] X

Shahid et al., 2010 [19] X X

Burkey, Bhadury, Eiselt, 2012 [12] X X

Dewulf et al., 2013 [20] X

Gonçalves, Ferreira, Condessa, 2014 [21] X X

Dehe, Bamford, 2015 [22] X

Yang et al., 2016 [23] X

Ahmadi-Javid, Seyedi, Syam, 2017 [2] X

Mueller, Klein, Hof, 2018 [24] X

Graham, 2018 [25] X

Gu, L. Li, D. Li, 2018 [26] X

Lopes, Ribeiro, Remoaldo, 2018 [27] X X

Mishra et al., 2019 [28] X

Erdoğan, Stylianou, Vasilakis, 2019 [29] X

Farughi et al., 2019 [30] X

Tan et al., 2019 [31] X X

Chen et al., 2020 [32] X

Cheng et al., 2020 [33] X X

Serrano-Gemes, Rich-Ruiz,
Serrano-del-Rosal, 2020 [34] X

Khashoggi, Murad, 2020 [35] X

Weiss et al., 2020 [36] X

Boisjoly et al., 2020 [37] X

McCarthy et al., 2021 [38] X

3.2. Tools and Models

Numerous tools and models are available to determine or seek optimal locations of
healthcare facilities. Over the past decade, many studies on the locations of healthcare
facilities included geographic information systems (GIS) in systemic analyses.

To understand primary healthcare needs in communities, Dulin et al. [18] showed that
using GIS for generally accessible data at the community and patient levels may rapidly
identify the areas that need a better access to primary healthcare services most urgently,
and proved that using such a model can improve access to healthcare. More advanced
methods of healthcare accessibility based on GIS were also addressed by Dewulf et al. [20].
In their research, they verified simple models to determine healthcare accessibility (PPR)
used by policymakers in Belgium. Since these are large adjacent medical areas, it was
established that healthcare is only roughly accessible.

The development of a two-tier spatial distribution model for elderly healthcare facili-
ties for older adults in large residential communities by taking into account the economical
accessibility is further addressed by Gu, L. Li and D. Li [26]. Spatial data disclosed by
GIS in Nanjing in China foster the acquisition of potential locations of elderly healthcare
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facilities. By their optimisation, this two-tier model improves the fairness and efficiency of
access to healthcare services for older adults, and assists policymakers in providing suitable
healthcare services for low-income older adults.

Mishra et al. [28] found in their study in 2019 that the most important criterion in
decisions on the suitability of healthcare facility locations is accessibility from residences
to facilities by using GIS and multiple-criteria decision-making. These findings benefit
national policymakers in the development of healthcare facilities by suitably allocating
funds to shortage areas, improving the healthcare index and the quality of life. Khashoggi
and Murad [35] also focus on the potentials of the GIS models, particularly to assess spatial
inequality regarding healthcare accessibility and determine the optimal distribution of
medical resources.

Another study comparing distance measurements in the spatial analytical modelling
of the healthcare service planning was carried out in 2010 by Shahid et al. [19] using
three methods to assess the distance from a patient’s residence to hospital, i.e., Euclidean,
Manhattan and Minkowski. The results showed that measurements of distances and travel
times cannot be used directly in spatial analytical modelling.

Dehe and Bamford [22] compared in 2015 two modelling methods used to make
decisions on the locations of healthcare facilities and pertaining infrastructure, which are
based on seven main criteria (environment and safety, size, total costs, accessibility, design,
risks and population profile) and 28 sub-criteria. By developing and studying decision-
making models, they contributed to the rationalisation of the selection of healthcare facility
and infrastructure locations, particularly in future decisions. On the other hand, the study
by Farughi et al. [30] in 2019 proposed a new multiple target mathematical model to devise
a healthcare system, increase the level of coverage and reduce operating costs. The model
is devised to ensure that all services required by each town within a district are provided.

Among the numerous tools for seeking the optimal location of healthcare facilities is
an open-source tabular tool, which serves as support for decision making and is presented
in an article in 2019 by Erdoğan, Stylianou and Vasilakis [29]. Using the tool in a healthcare
case study, computer tests showed that comparable values can be optimally solved in
decision making on the location of facilities.

A study analysing the balance of the spatial distribution of hospitals in Wuhan in
China includes analyses of the accessibility of healthcare facilities and proposes the multi-
criteria evaluation (MCE) to assess location when constructing new hospitals [23]. Its
objective was to improve the Huff model. It showed that the accessibility of healthcare
facilities is better in central urban areas than in the suburbs, and that the proposed model
may significantly improve the accessibility of healthcare facilities.

In contrast with complex approaches used by the GIS tools or complex analytical
modelling, simple spatial simulations for urban planning in small municipalities provide
information support to urban planners, architects and policymakers to tackle interrelated
challenges of urban systems and assess the consequences of special planning strategies [24].
Such tools are useful in daily administrative procedures in small municipalities and can
contribute to more useful sustainable urban planning, taking into the consideration the
walking distances to healthcare centres as a spatial attractiveness and on the other hand the
ground values being the highest in the city centres and lowest in the outskirts.

As a response to growing demand for greater prudence regarding public investments
by taking into account the quality of services and addressing spatial issues, Gonçalves,
Ferreira and Condessa analysed [21] the decision-making processes on the siting of large
public buildings using an example of defining the best location for a public hospital in a
Portugal region. The analysis showed that segmentation to macrolocations and microloca-
tions is a special feature of the used approach, and that the merger of the relative criteria
keys (better/worse), the contributions of the geospatial analysis (e.g., centres of gravity)
and quantitative data (e.g., minimum travel time) with other sources were crucial to the
decision-making process regarding the location of public buildings.
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3.3. Geographic Accessibility

The time it takes people to travel to a properly equipped and adequately staffed
healthcare facility is a measure of human well-being that is constrained by a number of
geographically varying factors.

Healthcare facilities may be classified by location. From the aspect of the modelling
approach and location issue solving methods, Ahmadi-Javid, Seyedi and Syam [2] in 2017
analysed literature and defined research gaps for each type of healthcare facility and divided
them into more detailed tables in 10 descriptive dimensions. Such an approach was used to
define research gaps and provide possible future directions to select locations for each type
of healthcare facility. Another study emphasises the significance of healthcare accessibility,
particularly in remote areas. The results show that the closures of rural hospitals prevented
0–0.97 per cent of the population to access a hospital within 15 min [38].

On the other hand, Graham [25] addresses the population characteristics and the geo-
graphic coverage of primary healthcare facilities and finds that the key factor in decisions
on the locations of healthcare facilities is the harmonisation of the population needs for
services and the supply of medical resources. The use of two approaches to study factors
related to the accessibility of doctors in Northern Ireland showed that the population
coverage with primary healthcare is higher in more at-risk areas, small areas and areas
with more older adults. The average travel distance is related to shortage, the age of the
population and the size of the area. Graham concludes that policymakers should consider
the methodology and the results to make decisions on the locations of healthcare facilities
and the provision of services.

The latest healthcare reform in Portugal also focuses on the measures of healthcare ser-
vice accessibility. In their research, Lopes, Riberio and Remoldo [27] focus on the planning
of healthcare services based on accessibility by preparing various scenarios. By applying
the study to continental Portugal, it was found that emergency services were acceptably
accessible in a significant part of the area between 2001 and 2011. However, important
differences between urban and rural areas were disclosed, which affects particularly older
people.

Location-related accessibility of healthcare services is crucial particularly for the older
and socially disadvantaged population. A contribution in 2020 by Boisjoly et al. [37] aimed
to qualitatively define the spatial accessibility of healthcare services by public transport and
confirmed the said hypothesis with a finding that more vulnerable population in Canadian
metropolitan areas have a better access to hospitals by public transport. Maps of travel times
to healthcare facilities support an assessment of whether individuals can access healthcare
services if required. 91.1 per cent of the global population can reach a hospital/clinic
within an hour if they have access to a motorized vehicle, but only 56.7 per cent can go on
foot [36]. Tan et al. [31] point out the planning and design of urban green areas with specific
characteristics that could improve their accessibility and aesthetic quality, particularly from
the aspect of older adults. Green areas have a positive impact on mental and social health,
which is crucial to the high-quality life of older adults.

3.4. Access Equality

Much research on hospitals allocation focuses on the relationship between hospital
accessibility and population age and on the accessibility of hospital care for certain groups.
They also assess the effectiveness of hospital locations in terms of access equality, such as the
number of physicians per capita or the average distance between patients and physicians
in rural and urban areas.

In 2012 Burkey, Bhadury and Eiselt [12] examined the efficiency and equality in
geographic accessibility provided by hospitals. They used GIS to measure quantitatively
defined efficiency criteria and service and equality availability, and further studied the
efficiency and equality of the geographic accessibility of hospitals in four US states. A
comparison of existing and optimal locations showed that existing locations provide a
nearly optimal geographic healthcare access but with room for improvement. However,
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they saw, that if the goal was solely to guarantee a minimum level of service, equality of
access improved at the expense of efficiency.

Inequality of healthcare for older adults in spatial and temporal terms is in the centre
of the study by Chen et al. [32], which is of assistance to policymakers when planning
healthcare services for the increasingly older population and providing information on
carers for prompt and efficient treatment.

The findings of studies show that spatial distribution holds an important role in the
accessibility of primary, secondary and tertiary healthcare services for older adults with an
explicit focus on fairness and equal distribution of geographic accessibility [33]. Various
reasons are stated in decisions on the locations of care for older adults. In 2020, Serrano-
Gemes, Rich-Ruiz and Serrano-del-Rosal [34] analysed 46 articles to understand these
reasons using a set of qualitative evidence. The reasons were divided into three factors:
retention, pull or push. Such a differentiation facilitates a more detailed and in-depth
analysis of the motivation of various groups participating in the decision-making process.

4. Discussion

This narrative review focused on the siting of healthcare care facilities based on the
purpose of their operation, demographic changes, environmental characteristics, and the
impact on public health. The findings reveal that better siting of such facilities and better
spatial design may contribute to better human health and well-being and also affording
users various opportunities to fulfil certain psychophysiological, social and spiritual needs.
It is also indicated that the field is wide and partially covered in literature, as the provision
of suitable and equal healthcare to various layers of society, and an optimal and fair spatial
distribution of healthcare services are among the crucial questions in relation to social
protection.

With their inclusion, architects influence a better siting of healthcare facilities, indirectly
contributing to better human health and well-being. In the 21st century, architects and
spatial designers face a plethora of related social and ecological challenges, including
demand-adapted supply with basic services [2]. Decisions on the locations of facilities play
a crucial role in the strategic design of a wide range of private and public organisations
(e.g., commercial facilities, warehouses, airports, police stations, hospitals, etc.). The
reason for this is that poorly sited facilities or an inadequate number of facilities can result
in significantly higher costs and poorer services for customers. In healthcare, incorrect
decisions on the siting of facilities seriously affect communities. For example, healthcare
facilities that are difficult to access are probably related to increased morbidity and mortality.
From this aspect, the selection of locations in healthcare is more important than in other
fields. In addition, global trends, such as lower fertility rates, increased life expectancy and
related increasing number of older adults, increasing environmental problems (e.g., noise
and pollution), and problems with the locations of healthcare facilities have become more
critical and important for society [2]. Seeking suitable locations is a process, which must take
into account various stakeholders: patients, who need access to facilities, physicians, who
strive for attractive and easily accessible workplaces, taxpayers, who require good value
for their contributions, and politicians, who aim to attain their goals [12]. Consequently,
decisions on the locations of facilities are crucial to the strategic concept of many private
and public organisations, particularly healthcare facilities, since in healthcare, incorrect
siting decisions seriously affect communities and are connected with increased morbidity
and mortality [2].

It is evident that health systems have a considerable environmental impact but that
they can also have positive effects on the environment. Currently, the healthcare sector con-
tributes significantly to carbon footprint and although hospitals make up the largest share
of carbon emissions, the footprint of the sector is multi-faceted, including pharmaceutical
production, the design of medical infrastructure, procurement, and within private medical
practice [39]. Consequently, reducing the environmental impact of health care is important,
not least because human health is inextricably linked to the health of the environment.
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Therefore, the World Health Organisation defined an environmentally sustainable health
system as one that “improves, maintains or restores health, while minimizing negative
impacts on the environment and leveraging opportunities to restore and improve it, to
the benefit of the health and well-being of current and future generations”. Within the
healthcare sector, environmental sustainability occurs when resources are used as efficiently
as possible, without compromising the quality of care for patients. Furthermore, avenues
for action are proposed that can form the core of a strategy for fostering environmental
sustainability in health systems as: adopting a national environmental sustainability policy
for health systems; minimizing and adequately managing waste and hazardous chemicals;
promoting an efficient management of resources; promoting sustainable procurement;
reducing health systems’ emissions of greenhouse gases and air pollution [40]

Analysing the results found in this review in a more thorough and complete manner,
many reasons have been found to classify three key themes on siting of healthcare care
facilities: tools and models, geographic accessibility and access equality.

The experiences indicate that there are a variety of tools and models available to help
determine or seek out the best locations for health-care institutions. Spatial analytical
modelling uses the developed methods and models, which are crucial to the assessment of
distances between patients and care (for example, Euclidean, Manhattan and Minkowski),
and the suitability of locations in view of the level of coverage with multiple target math-
ematical models and tabular tools (e.g., Huff model, MCE model) with the objective of
reducing heterogeneous distortion and monitoring costs for hygiene and public health-
care [19,30]. Simple spatial simulations for urban planning can also provide information
support to urban planners, architects and policymakers to assess the consequences of
special planning strategies, as the walking distances to healthcare centres positively influ-
encing the spatial attractiveness, as well as addressing soil sealing and ground values being
the highest in the city centres and lowest in the outskirts [23]. More advanced methods
to achieve spatial efficiency are based on geographic information systems (GIS) and are
compatible with multiple-criteria decision-making and analytical approaches to solving the
problem of healthcare planning [18,20,25,28,35]. Important criteria in models used to make
decisions on the locations of healthcare facilities and pertaining infrastructure include the
environment and safety, size, total costs, accessibility, design, risks and the population
profile [2,22].

Furthermore, the geographic accessibility with the travel time to an adequately
equipped and staffed healthcare facility is a measure of human well-being constrained by
a number of regionally changing factors, the most immediate of which is travel time to a
healthcare institution thus emphasising the geographical location. Namely, the analysed
travel times to the healthcare facilities show that 91.1 per cent of the global population can
reach a hospital within an hour with a motorised vehicle, but only 56.7 per cent can go on
foot [36,37]. Therefore, to support the decision-making process regarding the location of
healthcare facilities, the segmentation to macrolocations and microlocations by merging
the relative criteria keys (better/worse), the contributions of the geospatial analysis (e.g.,
centres of gravity) and quantitative data (e.g., minimum travel time) with other sources is
crucial [19,21]. We can further assess that the average travel distance to care is related to
shortage, the age of the population and the size of the area [25].

Moreover, to evaluate the suitability of a location, the equality of accessibility must
be studied using the criteria of efficiency, the availability of services and equality [12].
It must also be verified whether simple methods to determine healthcare accessibility
are sufficiently accurate to suitable determine healthcare shortage areas [20]. Therefore,
evaluating the success of hospital locations in terms of access equity, such as the number
of physicians per capita or the average distance between patients and physicians in rural
and urban areas, is a critical criterion [34]. Additionally, to plan healthcare services for the
increasingly older population and provide information on carers for prompt and efficient
treatment, attention must be paid to the inequality of healthcare for older adults in spatial
and temporal terms [33] with better coverage in more at-risk areas and rural areas [27].
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5. Conclusions

The results of the research show the impact of the healthcare care facilities siting
on human health and the extraordinary social significance of the topic discussed. This
review, however, is not without limitations as the challenge of converting a global set of
location criteria that encompasses equipment to a central hospital or a local health centre
presents an important challenge. Therefore, further qualitative approach, which will allow
findings on more detailed spatial aspects and characteristics specific to the local context of
healthcare care facilities, is required. Despite this, the research highlights the importance of
analysing optimal siting and the related feedback as essential to providing suitable and
equal primary, secondary and tertiary healthcare to various layers of society. The article
also adds to the body of evidence available to designers, planners, policymakers, and
hospital administrators who want to create and support health-promoting environments.

Furthermore, after this extensive review we can more clearly define the architect’s role
in siting of healthcare care facilities. The site itself must be verified first by technical and
operational spatial mapping methods. This verification also includes a spatial political view
of the development of the urban centre and the place itself. This is the easier operational
aspect of spatial verification and positioning. It should not be overlooked, however, that
these are variable parameters depending on the time, the sector and the development
of the disciplines themselves in terms of content, activity and the development of the
urban environment itself. This positioning can be verified by mathematical models already
developed and by applying the various established tools on the patient-care-accessibility
relationship and the broader coverage. Additionally, very important is the siting and even
more so the design of the architecture itself, which also follows mental methods and covers
the emotional aspect of the architecture. In modernism, this kind of design was not much
known or practised but given today’s knowledge and the complexities of spatial planning,
this aspect of design can also be very important for the users themselves.
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