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ABSTRACT

Background: Health services are important for quality of life and employment, but are often seen as an expense, not 
an investment. Canadians in rural areas have lower health levels than urban residents and higher mortality rates for 
several diseases and conditions. The lack of healthcare services in remote areas leads to poor health, worsened by 
difficulty accessing primary care doctors and specialists.

Aim: We analyzed literature on geographic access methods to primary care in non-urban settings and conducted 
a systematic review to assess studies using gravity models. The goal was to explore the use, application, and 
operationalization of Floating Catchment Area (FCA) methods and their ability to identify variations in access in 
non-urban areas.

Methods: We completed a systematic review based on the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) method of all published studies on geographical access to primary care in advanced 
economies in six databases: ABI/INFORM, MEDLINE, Science Direct, Scopus, Web of Science and Wiley Online 
Library. Two forms were developed for data synthesis: a data extraction form with 14 categories, and a quality 
evaluation form based on the Consolidated Standards of Reporting Trials (CONSORT) model with 19 categories. 
These forms collected information on various factors, including author, title, publication year, country, geographic 
zone, primary care definition, primary care provider supply, method, census subdivision, catchment size, distance 
type, space decay, access index, main results, concept definitions, conflict of interest, and others.

Results: This review includes 32 papers on physical access to primary care. Most studies used secondary data and 
the Enhanced Two-Step Floating Catchment Area (E2SFCA) method, which was found to be more sensitive in 
identifying deficits in rural access. However, many studies lacked clear definitions and there was no clear consensus 
concerning the definition of a primary care provider. A limitation of this study was that the articles were primarily 
written in English.

Conclusion: Healthcare policymakers and providers should consider rural populations’ unique transportation needs 
when designing healthcare access initiatives. Barriers to improving access may include a lack of political will, funding, 
or understanding of rural needs. The E2SFCA method is more sensitive than Physician-to-Population Ratios (PPR) 
in identifying underserved rural populations, but has not been widely used in Quebec. Future research should 
compare these methods and develop recommendations for improving access to primary care for rural populations.

Keywords: Systematic review; Geographic access; Primary care; Floating catchment area method; Health disparities

the economic development of these regions [1]. In Canada, for 
instance, 13.5% of the workforce is employed in the healthcare 
industry with this proportion rising to 23% in rural areas such as 
Gaspésie-Iles-de-la-Madeleine [2]. The significance of health services 
extends beyond their role in public expenditure; they contribute to 
both quality of life and employment. Bloom and Canning argue 

INTRODUCTION

The healthcare sector represents a rapidly expanding economic 
industry in advanced economies, including peripheral regions. 
According to Bailly and Périat this industry has the potential to 
become the largest employer, thereby significantly impacting 
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that improved health can be as influential as increased income 
in enhancing quality of life [3]. Despite this, health services are 
often perceived as an expense rather than an investment, even 
though improved health is associated with increased individual 
productivity [4].

In market-based health systems, the distribution of doctors is not 
socially optimal resulting in territorial disparities in access to care 
[5,6]. Consequently, the state must redistribute the various services 
offered, raising concerns about distribution and access to services in 
remote areas with more dispersed populations. Social inequalities 
remain spatially distributed, with the distribution of inequalities 
varying across different environments [7].

The presence of inequalities within a geographical space does 
not necessarily indicate the direction of the relationship or 
the mechanism by which inequalities are produced [8]. These 
inequalities manifest as lower levels of health among Canadians 
residing in rural areas compared to their urban counterparts [9-
13]. Aging significantly impacts rural communities, where access 
to services is often limited [14]. In this regard, a higher prevalence 
of diabetes is noteworthy. Additionally, rural areas exhibit higher 
mortality rates for several pathologies, including: +15% for lung 
cancer, +9.2% for ischemic heart disease, +6.6% for cerebrovascular 
disease, +15.4% for chronic lung disease, +64.4% for suicide (with 
predominance among men), +202.9% for motor vehicle accidents, 
and +28.9% for infant mortality.

Due to its vast size, Quebec faces unique challenges in providing 
adequate healthcare services, particularly in rural and remote 
communities [9]. Access to healthcare services is a significant issue 
in these areas, where residents must travel longer distances to access 
care and often face shortages of professionals [15,16]. As notes, 
“these communities have difficulty attracting and retaining nurses, 
doctors, and other healthcare providers”. Consequently, distance 
and challenging socio-economic conditions create a friction effect 
that limits access to first-line care, the supply of which is fragile.

The scarcity of healthcare services in remote areas contributes to 
the poor health of populations residing far from major centres 
compounded by difficulties in accessing primary care physicians 
and specialists [9,17]. Numerous studies and government reports 
have noted the shortage of healthcare providers in rural areas [18-
20]. The absence of clinicians is a significant concern for residents 
of these areas, as general practitioners often serve as the first point 
of contact with the healthcare system. The availability of primary 
care physicians has been shown to reduce mortality overall, 
particularly from cancer, heart disease, stroke, and infant mortality.

Significant disparities exist in the delivery of primary healthcare 
in Quebec. While nearly 90% of the rural and remote population 
has access to a family physician or CLSC (Centre Local de Services 
Communautaires) within a 15-minute drive, the number of 
healthcare providers decreases from urban to rural areas. Many 
rural areas, particularly in northern and eastern Quebec, experience 
a shortage of physicians. The number of emergency room visits 
appears to corroborate the unavailability of family physicians (VGQ, 
2020), with 71% of visits related to non-urgent consultations (2019) 
and 72% of patients who consulted the emergency room having 
a family physician. Additionally, the wait time to obtain a family 
doctor is increasing annually, reaching 477 days in December 2019. 
For the Quebec population as a whole, 82% are registered with a 
family physician, while 7% remain on a registration list awaiting 
one. This indicates that nearly 20% of the population lacks access 

to primary healthcare in Quebec and must resort to emergency 
rooms or private clinics. In reality, this number could be higher 
and particularly problematic in population centres farther from 
urban hubs.

Measuring health presents a significant challenge, as it is 
multidimensional and often subject to random measurement errors 
due to inadequate assessment (e.g., insufficient equipment, staff 
training, or field documentation) or variability in measurements 
resulting from the timing of data collection (e.g., blood pressure, 
epidemics). Regardless of the approach employed (medical, self-
reported, or functional), ill-health is considered a deviation from a 
pre-established norm across any dimension of well-being (physical, 
mental, or social). Researchers from various fields (public health, 
health research, or health economics) develop their own sets of 
health indicators, few of which are satisfactorily measured [21]. Most 
health indicators used in the literature focus on a single dimension 
of population health, either mortality (based on life expectancy) 
or disease/injury (morbidity indicators) [22]. When administrative 
borders are used “as is” in these measurements, cumulative errors 
can increase and diminish the utility of the data collected.

The aim of this review was to analyse the current literature on 
geographic access methods to primary care and identify the most 
appropriate method for use in non-urban settings. To this end, 
a systematic review was conducted to assess recent studies that 
explicitly employed gravity models as their theoretical framework. 
The broader rationale for this review was to explore: The use of 
different FCA methods; the application and operationalization of 
FCA methods; and evidence for influencing factors concerning the 
capacity and sensitivity of such methods to identify variations in 
access, primarily in non-urban areas.

LITERATURE REVIEW

The urban-rural divide in access to healthcare has been extensively 
studied in developed economies. In this study, rural areas are 
defined as non-metropolitan areas. Several studies have found that 
rural areas typically have reduced access to healthcare services [23-
25]. However, few studies have examined the impact of location 
remoteness on access to healthcare, particularly variations between 
urban and rural contexts. Salze highlighted the importance of 
rurality in reducing access in France, while Hausdorf noted lower 
satisfaction with access to healthcare among residents of remote 
areas [25,26]. Laditka reported increased hospitalization rates 
with increasing rurality, and Sibley and Weiner (2011) found 
that individuals living in the most rural areas had the lowest 
odds of having a physician [23,27]. Populations residing in these 
areas typically face increased challenges in accessing primary care 
and emergency rooms with reduced access to healthcare services 
generally attributed to fewer clinicians and longer travel times [28]. 
Other factors, such as transportation availability, can also influence 
perceptions of access and the use of health services [29,30]. 
Multiple studies have confirmed the link between rural residence 
and decreased access to and use of health services [25,31,32].

In addition to structural barriers, such as a shortage of health 
professionals, geographical barriers, such as distance, also exist [10]. 
These access difficulties can foster resignation among underserved 
populations and contribute to a lack of interest in seeking 
medical attention resulting in lower prevalence of examinations 
and screening tests [17,33]. Numerous studies confirm that 
geographic access to health services strongly impacts service 
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utilization, although it is not always the only determinant [29,34-
36]. For example, Gao examined the relationship between place 
of residence and the likelihood of receiving a kidney transplant 
among Aboriginal patients [37].

However, many studies assume that rural areas are homogeneous, 
whereas it is more relevant to consider local realities and subdivide 
them into sub-regions due to wide variations in size, population 
density, and road infrastructure availability. While the health status 
of rural populations is generally lower than that of their urban 
counterparts, these populations are not always considered vulnerable 
by researchers. For instance, Champagne mentioned access issues 
for young and elderly patients or those with developmental/mental 
health issues but did not consider challenges linked to distance 
within rural areas [28].

While the definition of urban territory is generally accepted, the 
definition of rural territory is less clear. The concept of rurality is 
not unanimously accepted in Canada, and no precise definition has 
emerged [38]. Often, it is defined as a negative version of the urban 
(i.e., non-urban). Criteria such as population thresholds, density, 
and distance to an urban centre, type of employment, or travel to 
work are sometimes used to determine what is considered rural. 
However, these approaches create a divide between urban and rural 
without recognizing an intermediate zone. It is therefore preferable 
to define rurality according to the problem at hand, insofar as it is 
“operationalizable.”

While the presence of health services does not guarantee the overall 
health status of a population, these services play a significant role 
in promoting well-being by maintaining and promoting health, 
preventing disease, restoring health and function, and contributing 
to population health. Healthcare is a continuum, from prevention 
to treatment. However, without access to such services in non-
urban settings, their effects cannot be realized, exacerbating health 
inequalities.

Measuring proximity and accessibility

According to the Joseph and Phillips framework, measures of 
potential access can be classified into two categories: regional 
availability and regional accessibility [39]. The regional availability 
approach, also known as the provider-to-population ratio measures 
potential access within strict administrative units and has been 
widely used in government initiatives and literature to identify 
health shortage areas [40-43]. Population-provider ratios are 
relatively easy to interpret and provide a straightforward analysis 
of spatial access values. However, they are limited by two major 
assumptions: they only account for variations within strict 
geopolitical boundaries and assume that individuals do not seek 
services outside their administrative unit [39,43,44].

In response to the limitations of regional availability measures, a 
range of techniques known as gravity models have been developed 
[45]. These models predict the potential interaction between 
population location and all available service points within a 
reasonable distance providing a measure that accounts for both 
proximity and availability [39,43]. Broadly speaking, gravity models 
examine flows or movements between two sites, such as a patient’s 
residential location and a doctor’s office. As the distance between 
the provider and consumer increases, the number of interactions 
decreases, diminishing the attractiveness of a service and increasing 
travel impedance. These techniques reveal more spatial variation by 
utilizing finer-resolution spatial data and removing issues of rigidly 

defined borders since “regional availability measures do not reveal 
the spatial variation within the boundary, nor do they account for 
the interaction between supply and demand across the boundary” 
[46].

Gravity-based models have been frequently used in studies, mainly 
in Canada and the United States of America, and preferentially in 
urban settings. In other countries, such as Germany and Belgium, 
there has been recent increased awareness and use of these 
models. In recent health literature, population demand is typically 
represented by the geographic or population-weighted centroid of 
an area while physician supply is determined by the actual location 
of services, typically geocoded to a specific address or zip code 
aggregation [47].

The Floating Catchment Area (FCA) method uses circular buffers 
around census tract population centroids to compute a physician-
to-population ratio from the number of enclosed facilities. 
Through this methodology, the buffer radius represents catchment 
and reveals the distance individuals are willing to travel to access 
healthcare services. Services falling within the catchment area are 
considered fully available within that catchment. The FCA method 
was criticized for only considering supply while ignoring demand 
since “access” remains unconsidered. Radke and Mu addressed 
this issue with the development of a spatial decomposition method 
later termed the Two-Step Floating Catchment Area (2SFCA) 
method by Luo and Wang (Figure 1) [48,49]. The 2SFCA method 
has been employed in multiple recent studies measuring healthcare 
accessibility [47,50-54]. 

Figure 1: Measure of geographic access to general practitioners with 
service delimitation and population demand. Note: ( ) General 
practioner; ( ) Population centroid; ( ) GP catchment area; ( ) 
Administrative boundary.

Since spatial accessibility must capture both proximity and 
availability, two distinct elements are used: 

a) The location of primary care services and the population; 

b) The quantity of services and population size at each location. 

The 2SFCA method treats distance (i.e., time) impedance as 
a dichotomous measure, with any distance within a threshold 
considered equally accessible and any distance beyond the threshold 
considered equally inaccessible. The first step of the 2SFCA is to 
determine the population within the catchment of each service 
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Another major limitation is the assumption that all residents of 
a catchment area use services equally, regardless of population 
characteristics. This falsely assumes constant demand, as people’s 
demand at one service site can decrease when other sites are 
available simultaneously. The 2SFCA method may overestimate 
demand for some service sites, with the overestimation effect 
increasing when more service sites are available (e.g., in urban 
areas with densely concentrated medical sites). Large or irregularly 
shaped study areas are more susceptible to this problem, potentially 
leading to underestimation of accessibility in larger (i.e., rural) 
study areas and overestimation in smaller (i.e., urban) study areas. 
2SFCA-based studies published to date assume that people travel 
to healthcare facilities via a single transport mode, typically a car. 
Weaknesses can be overcome by including both a distance-decay 
(impedance) function and a catchment capping function in more 
densely populated areas. Notably, the enhanced Two-Step Floating 
Catchment Area (E2SFCA) method by Luo and Qi and the Three-
Step Floating Catchment Area (3SFCA) method by Wan should be 
more sensitive to primary care access in rural areas than the original 
2SFCA.

METHODOLOGY

This systematic review was conducted to assess recent studies that 
explicitly employed gravity models as their theoretical framework. 
The broader rationale for this review was to explore: The use of 
different FCA methods; the application and operationalization of 
FCA methods; and evidence for influencing factors concerning the 
capacity and sensitivity of such methods to identify variations in 
access, primarily in non-urban areas (Table 1).

This systematic review followed the PRISMA statement, with minor 
modifications [56]. The PRISMA statement provides guidelines to 
increase the integrity and reproducibility of systematic reviews, 
using a checklist of twenty-seven items and a 4-step flow diagram 
that must be included in the Abstract, Introduction, Methodology, 
and Discussion sections of the study. Conducted in 2022, this 
systematic review aimed to analyze the physical access measurement 
methods used for primary healthcare access.

Literature search and study selection

Six databases were used for this systematic review: ABI/INFORM, 
MEDLINE, Science Direct, Scopus, Web of Science, and Wiley 
Online Library. Using multiple databases ensured increased 
coverage of articles and studies and is essential for producing 
a systematic review [57]. The search strategy aimed to identify 
articles published in English between 2000 and 2021 that used 
a geographical-access method to measure population access to 
primary healthcare within developed countries (United States 
of America, Canada, United Kingdom, Australia, New Zealand, 
Belgium, and Germany) to achieve comparability (Table 1). To 
ensure all potentially relevant articles were identified, search 
terms included the names of methods used as well as terminology 
employed in geographical healthcare access.

Selection

The selection of articles followed a systematic review methodology 
and was performed as follows: Title, Abstract and Full text. Inclusion 
and exclusion criteria were defined prior to each step (Table 2). Of 
the initial 147 studies retrieved through the six databases, 32 papers 
met all the inclusion criteria (Figure 2).

provider (i.e., the potential population size being “served”). The 
second step is to allocate services to the population by identifying 
the services within the catchment area for each population radius. 
The calculation of both steps produces a familiar population-to-
provider ratio, specifically, the number of physicians per population 
within the defined area. Consequently, it maintains most of the 
advantages of a gravity model while also being intuitive to interpret, 
as it essentially generates a special form of physician-to-population 
ratio [49].

Since the original 2SFCA method was limited by the assumption 
of equal access within catchments and that locations outside the 
catchment have no access, an updated method incorporating a 
distance-decay parameter was later proposed. Luo and Qi developed 
the E2SFCA (Enhanced two-step floating catchment area) method 
by incorporating a distance decay function into both algorithmic 
steps [52]. By assigning weights to step one and step two within 
the 2SFCA method (hence “enhanced”), the model resolved 
issues previously identified in health service literature. Each 
catchment is divided into multiple sub-catchments with varying 
weights differentiating travel time zones (defined by a Gaussian 
weight function) that can be adjusted depending on the type or 
importance of a service. This strategy acknowledges that services 
closer to the census tract centroid are more accessible. Additionally, 
the magnitude of Gaussian weights used during analyses can vary 
according to research context or service type (e.g., primary care, 
specialized care) in a Christallerian approach. The advantage of the 
E2SFCA method is that multiple distance decay weights replace 
the dichotomous 0 and 1 in 2SFCA. Consequently, it solves the 
issue of not differentiating accessibility within catchments and 
is theoretically more analogous to gravity models, improving its 
finer discrimination analysis capacity. As such, localized over- or 
under-served areas can be identified. The E2SFCA method treats 
more distant providers as less accessible through distance decay 
coefficients while measuring distance in travel time through actual 
road networks.

An alternative to the E2SFCA is the Three-Step Floating Catchment 
Area (E3SFCA) method. This model is based on a more reasonable 
assumption of healthcare demand for medical services, as it 
assumes that a local population’s demand at a nearby service site is 
affected by travel cost to that site as well as travel costs to adjacent 
service sites. This is logical, as demand for a particular medical 
site will decrease when adjacent sites are also available to the 
population. To achieve this, the method assigns a travel time-based 
competition weight to each pair of population-clinic sites, which 
is used to calculate demand for service sites, thereby minimizing 
overestimation. While this method integrates a third aggregation 
step with the existing two-step method to calculate neighbourhood 
accessibility, it also generates a single numerical value representing 
“access” to primary healthcare services of a specific type for each 
neighbourhood [55].

These methods have important limitations when applied in non-
urban contexts. Notably, the 2SFCA method does not consider 
distance decay within catchments and relies on fixed catchment 
sizes for all physician (i.e., supply) and population (i.e., demand) 
locations [24]. Distance decay is assumed to be negligible within a 
catchment, which is not the case in large geographical regions with 
widely dispersed populations and extensive catchments. This effect 
is most pronounced in rural areas, where catchment sizes for supply 
and demand are not differentiated between densely populated 
metropolitan areas and sparsely populated rural or remote areas.
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Table 1: Search strategy access to primary healthcare.

Limits activated English Publication Date from 2000/01/01 to 2021/12/31

AND
"Physician" or "doctor" or "MD" or "DO" or "medical practitioner" or "GP" or "general practitioner" or "family doctor" or 

"family physician" or "primary care provider" or "PCP" or "medical" or "medicine" or "health"

AND "access"

AND "Spatial" or "Geographical" or "Physical"

Table 2: Inclusion and exclusion criteria used for study selection.

S. No Step Inclusion criteria Exclusion criteria Hits

1 Selection by title
1.  Studies related to healthcare access
2. Use of a geographical or physical or 

spatial access method

1.  Studies not primarily related to healthcare access
2. Focus on specific health problems such as cancer, kidney 

failure, AIDS
3. Specific study population (veterans, immigrants, specific 

ethnic group)
4. Specific healthcare sector (dental, rheumatology physical 
therapy, nursing homes, intensive care, emergency rooms)

5. Studies not conducted in a developed country
6. Studies on children or on the elderly

147

2
Selection by 

abstract
- - 55

3
Selection by full-

text
-

Additional exclusion criterion:
1. Using only professional-to-population ratio

32

Figure 2: Study selection flow chart.

primary care provider, and study quality).

2. Setting and scale (area scope, context setting, census resolution 
level).

3. Aim of the study (methodological improvement, empirical 
testing, and method comparison).

4. Use of the floating catchment method (base-method for main 
study design: 2SFCA, E2SFCA or 3SFCA).

5. Main results (no difference, reduced access for urban areas, 
equal access, reduced access for rural areas).

To present quantitative data, categories were selected as summary 
measures. Central themes and topics (methods, aims and settings) 
were extracted from the studies, summarized and presented 
according to their frequency of occurrence within such studies.

Data analysis

In preparation for data synthesis, two forms were developed: a 
data extraction form with 14 categories, collecting information on 
author, title, publication year, country, geographic zone, primary 
care definition, primary care provider supply, method, census 
subdivision, catchment size, distance type, space decay, access 
index, and main results; and a quality evaluation form based on 
the CONSORT model with 19 categories collecting information 
on concept definitions, method used, conflict of interest, and other 
factors [58-60].

Subsequently, the original categories were further collated into five 
categories that formed the basis for presenting results in this review:

1. Study characteristics (year of publication, country of origin, 
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upon it (AID: 2,4,12-14,16-19,21,28-32), while nine studies
compared different methods (AID: 5-7,9-11,15,24,27), and
eight used one method to investigate access scores solely (AID:
1,3,8,20,22,23,25,26).

Floating catchment area family method and details: Most
studies were based on the E2SFCA method (n=17) (AID: 1,2,8-
10,12,14,15,17-22,26,27,30), while ten used the 3SFCA method
(AID: 3-7,23-25,28,29) and four employed the 2SFCA method
(AID: 11,13,16,31). The type of distance used (time (AID: 1-8,11,13-
20,26-31) or distance (AID: 9,10,12,21,23-25,32) was mentioned
in all but one study (AID: 22) (Figure 6). The original 2SFCA and
E2SFCA methods (Luo and Wang, 2003; Luo and Qi, 2009) suggest
using time to improve the representation of population access, as
distance alone cannot account for travel speed and speed limits and
complicates the use of different transport methods [49,52].

When distance decay was used, only one study did not specify it
(AID: 11). Depending on the method used, the distance decay could
be none existing (AID: 5-7,13,16,17,22-24,30,31), discrete (AID:
2,10,15,18,20,21,32) or continuous (AID: 1,3,4,8,9,12,14,19,25-29).
The maximum catchment size, while given in time unit, varied from
10 minutes (AID: 13), to 15 (AID: 12,14), 30 (AID: 15,26,28,30,31),
50 (AID: 16), 60 (AID: 3,4,11,17-20,29) or even 120 (AID: 1,2,8,27).
When given in a distance unit, it varied from 500 m (AID: 21), to 3
Km (AID: 5-7), 4 Km (AID: 9), 5 Km (AID: 10), 8 Km (AID: 22), 25
Km (AID: 23,24), 45 Km (AID: 32) up to 50 Km (AID: 25). When
a maximum catchment size was based on a population limit, 100
clinics (AID: 19), 500 000 people (AID: 17) and 700 000 people
(AID: 31) were used.

Outcomes and main results

Comparing rural access to urban access was not the goal of most
of those studies. Consequently, many did not compare access rate
by type of territory, and several studies were only conducted in an
urban environment (AID: 1,4-7,9,12,21,22,28). Nonetheless, when
access was measured across an entire region that encompassed both
types of environments, most of these studies observed a reduced
access in rural areas (AID: 3,8,10,11,13-20,23-27,29, 31,32), while
only one study observed the inverse pattern (AID: 30), and one
measured identical access levels (AID: 2) (Table 4).

When conducting an analysis of access rates by territory, the
Enhanced Two-Step Floating Catchment Area (E2SFCA) method
was found to be more sensitive in identifying deficits in rural access
compared to other methods. This was determined through the
assignment of a mean value of 2.44, based on a scale ranging from
1 to 3, where 1 indicated less access in urban settings, 2 indicated
equal access, and 3 indicated less access in rural areas. The E2SFCA
method takes into account both the availability of healthcare
providers and the population’s spatial accessibility to these
providers, making it a more comprehensive measure of healthcare
access. Furthermore, when examining studies conducted in mixed
environments, the E2SFCA method remained the most sensitive in
identifying underserved rural areas. A Bayes Factor Approach also
provided evidence that the E2SFCA method is the most probable
means of identifying underserved rural access areas. This approach
compares the likelihood of different hypotheses and provides a
measure of the strength of evidence in favour of one hypothesis
over another.

Simoneau C

RESULTS

Study characteristics

The main characteristics of the 32 papers included in this review
are detailed in Table 3, along with relevant article identification
numbers (AIDs-see Table 3 for detailEed reference). These studies
were published between 2000 and 2021 and conducted in Canada
(n=11), the United States of America (n=9), the United Kingdom
(n=4), Australia (n=4), Germany (n=2), New Zealand (n=1), and
Belgium (n=1). Countries with more expansive landscapes, such as
Canada and the United States of America, appear to have greater
interest in geographical access measurement. Almost all studies
(n=29) used secondary data, primarily from national surveys and
medical boards. Two studies collected data from medical records
(AID: 2,32), while the Montreal study (AID: 21) used data from the
Canadian Community Health Survey (2005-2006) (Figure 3).

The type of primary care providers was mentioned in most
studies (n=26) but varied across studies. Several studies included
paediatricians and internists (AID: 11,15,16,19), while the most
prevalent healthcare professionals were general practitioners
or family physicians (as primary care providers) (n=14). Others
included specialists practicing general medicine, such as
paediatricians or obstetricians (n=5), and two studies compared
access between family physicians and physical therapists. One study
investigated access between family physicians and nurses, but only
data regarding the family physician was retained.

The quality of the studies, assessed using the CONSORT method,
was divided into four categories: A (AID: 4,18,29), B (AID:
1,3,9,11,12,15,17,19-21,24,28,32), C  (AID: 2,8,10,14,16,23,26,30,31)
and D (AID: 5-7,13,22,25,27) (Figure 4). Approximately half of the
studies did not include the name of the method used in their title
(n=16) or summary (n=11). Only two studies included their stated
objective and hypothesis in their summary and three mentioned
the limits and biases of their studies. Most studies mentioned their
financing, support and conflict of interest (n=24), and all provided
selection criteria and justification.

Setting and scale

The scale of the area in the studies varied, with three studies
conducted nationwide (AID: 3,11,21), 13 at the state or province
level (AID: 1,2 8,12,13,18,19,23-25,27,30,31), nine at the regional
or local level (AID: 11,14,15-17,26,28,29,32), and seven within city
limits (AID: 4-7,9,21,22). One regional study was performed in a
dense urban setting (AID: 28), bringing the total number of urban
settings to nine out of the 32 studies. The remaining 23 studies
were conducted in mixed environments. No study was performed
solely within a rural area, indicating a lack of interest in this type
of territory. As such, the most appropriate method for use in such
a context cannot be assessed solely from the raw data (Figure 5).

The size of the implemented population unit varied, with some
studies using dissemination areas (or equivalent, under 1000
people) (AID: 2,5-9,13,14,21-28), others using census tracts (or
equivalent, >000 but<10,000) (AID: 1-3,10-12,15-19,29-31), 
and some�using�census�subdivisions�(�≥�10,000)�(AID:�20,32).

Aim of the study:Almost half of the shortlisted studies (n=15)
modified part of the original method design to improve
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Table 3: Study characteristics of 32 papers.

Article 
Id 

(AID)

Author’s, 
Publication 

year
Country Census resolution

Family 
Method

Distance type
Maximum 
catchment

Conclusion

1
(Amiri et 
al., 2020) 

[60]

United 
States of 
America

Block group 
population weighted 

centroid
E2SFCA Network time

120 
minutes

Better access to PCPs was associated with lower 
mortality from all-causes, cancers, and heart 
disease. The 2-step floating catchment area 

approach can help with the identification of PCP 
shortage areas, the development of rural residency 

programs, and the expansion of the physician 
workforce in Washington State and other regions.

2
(Barrett, 

2016) [61]
Canada

Dissemination area 
population weighted 

centroid
E2SFCA Network time

120 
minutes

The proposed method consistently shows better 
and more accurate results. The alternative 
methods often underestimate accessibility, 

especially in remote areas.

3
(Bauer et 
al., 2018) 

[62]

United 
Kingdom

Lower layer super 
output area level 

population weighted 
centroid

3SFCA Network time 60 minutes

This study showed substantially differing GP 
accessibility throughout England. However, 

socially deprived areas did not have poorer spatial 
access to GPs.

4
(Bauer and 
Groneberg, 
2016) [50]

Germany
Administrative 

district population 
weighted centroid

3SFCA Network time 60 minutes

The proposed integrated FCA method integrates 
recent improvements on shortcomings regarding 
earlier FCA-methods and therefore takes relevant 

influencing factors into account. A case study 
demonstrated the general fit of the proposed 

method.

5
(Bell et al., 
2012) [63]

Canada
Dissemination area 

population weighted 
centroid

3SFCA Network time 3 Km

If there is no street address that can be used to 
select among tied points within a postal code 
then the MEP product is not beneficial to the 
geocoding process. There are patterns among 
the three cities; a one-way ANOVA indicated 

no significant differences between the six 
methods in the City of Saskatoon, whereas there 

were significant differences in Edmonton and 
Mississauga.

6
(Bell et al., 
2013) [64]

Canada
Dissemination area 

population weighted 
centroid

3SFCA Network time 3 Km

Potential access significantly differs between 
neighborhoods for all spatial and aspatial 

dimensions of access. Accessibility is considerably 
reduced for linguistic minorities and for those 

who might not have a dedicated family physician 
as compared to the general population.

7
(Bissonnette 
et al., 2012) 

[65]
Canada

Dissemination area 
population weighted 

centroid
3SFCA Network time 3 Km

Neighbourhood-level potential access to primary 
care is dependent on spatial and aspatial 

dimensions of access selected for examination 
and potential accessibility is reduced for linguistic 

minorities as well as for recent immigrant 
populations who appear, on the surface, to have 

better access to walk-in clinics than dedicated 
physicians. T

8
(Crooks and 
Schuurman, 
2012) [66]

Canada
Dissemination block 
population weighted 

centroid
E2SFCA Network time

120 
minutes

Future applications of the modified gravity 
model are needed in order to refine the 

recommendations we provide on interpreting its 
results. It is important that studies are undertaken 

that can help administrators, policy-makers, 
researchers, and others with characterizing the 

state of access to PHC, including potential spatial 
access.

9
(Cui, 2014) 

[67]
Australia

Mesh blocks 
residential centroid

E2SFCA Network distance 4 Km

The study has revealed fine resolution spatial 
variations in accessibility to primary health 

care facilities and identified spatial clusters of 
residential areas with poor spatial accessibility to 

the facilities in the MMA.
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10
(Dewulf et 
al., 2013) 

[68]
Belgium

Census tract 
centroid

The major 
disadvantage of 
PPR methods 

is its aggregated 
approach, 

masking subtle 
local variations. 

Some simple GIS 
methods overcome 

this issue, but 
have limitations 

in terms of 
conceptualisation 

of physician 
interaction and 
distance decay.

5 Km

11
(Donohoe 
et al., 2016) 

[51] 

United 
States of 
America

Census block 
population weighted 

centroid
E2SFCA Network time 60 minutes

The findings of this study suggest that using a 
relative 2SFCA approach, the spatial access ratio 

method, when detailed patient travel data are 
unavailable. The 2SFCA method shows promise 
for measuring access to care in Appalachia, but 
more research on patient travel preferences is 

needed to inform implementation.

12
(Higgs et al., 
2017) [69]

United 
Kingdom

Lower layer super 
output area level 

population weighted 
centroid

E2SFCA Network distance 15 minutes

The direction and strength of the association 
between deprivation and accessibility measures 

varies by mode of travel, the main differences are 
actually across measures of accessibility. This has 
important implications for studies of potential 
inequalities in health service accessibility and 
suggests there is a need to develop consistent 

measures of accessibility if we are to truly 
understand the relationship between demand and 

supply

13
(Langford 
and Higgs, 
2006) [47]

United 
Kingdom

Output area 
population 

dasymetrically 
distributed

2SFCA Network time 10 minutes

The bus-riding cohort of each census tract 
experiences much lower accessibility levels than 
those estimated by an undifferentiated (car-only) 

model. Car drivers' accessibility may also be 
misrepresented in an undifferentiated model 
because they potentially profit from the lower 

demand placed upon service provision points by 
bus riders.

14
(Langford 

et al., 2016) 
[70]

United 
Kingdom

Output area 
population weighted 

centroid
E2SFCA Network time 15 minutes

The dasymetric model yields lower accessibility 
scores than a standard pro rata model. 

More importantly, the difference is spatially 
disproportionate, suggesting that the degree of 
disadvantage experienced in rural areas may be 

greater than has previously been recognized.

15
(Luo and 
Qi, 2009) 

[52]

United 
States of 
America

Census block 
population weighted 

centroid
E2SFCA Network time 30 minutes

Spatial accessibility pattern that is more consistent 
with intuition and delineates more spatially 

explicit health professional shortage areas. It is 
easy to implement in GIS and straightforward to 

interpret.

16
(Luo and 

Wang, 
2003) [49]

United 
States of 
America

Census block 
population weighted 

centroid
E2SFCA Network time 50 minutes

The variation of spatial accessibility to primary 
care in the Chicago region, and analyzes the 

sensitivity of results by experimenting with ranges 
of threshold travel times in the FCA method and 
travel friction coefficients in the gravity model.

17
(Luo and 
Whippo, 
2012) [46]

United 
States of 
America

Census block 
population weighted 

centroid
E2SFCA Network time 60 minutes

The new method is effective in determining the 
appropriate catchment sizes across the urban to 
suburban/ rural continuum and has revealed 

greater detail in spatial variation of accessibility 
compared to results using fixed catchment sizes.



9

Simoneau C

J Remote Sens GIS, Vol.12 Iss.05 No:1000312

18
(McGrail, 
2012) [53]

Australia
Collection district 

population weighted 
centroid

E2SFCA Network time 60 minutes

Study assesses recent ‘improvements’ to the 
2SFCA when applied over large geographic 

regions of both large and small populations. Its 
findings demonstrate the necessary combination 

of both a distance-decay function and variable 
catchment size function in order for the 2SFCA to 
appropriately measure healthcare access across all 

geographical regions.

19

(McGrail 
and 

Humphreys, 
2009) [24]

Australia
Collection district 

population weighted 
centroid

E2SFCA Network time 60 minutes

Despite their recognised weaknesses, the 
Australian government uses broad geographical 

classifications as proxy measures of access to 
underpin significant rural health funding 

programs. This new index of access could provide 
a more equitable means for resource allocation.

20
(Naylor et 
al., 2019) 

[71]

United 
States of 
America

Zip code tabulated 
area population 

weighted centroid
E2SFCA Network time 60 minutes

The Variable-distance Enhanced 2 step Floating 
Catchment Area method is a viable approach to 
measure spatial accessibility at the national scale.

21
(Andre and 
Apparicio, 
2011) [72]

Canada

Dissemination area 
clinic users weighted 
centroid weighted by 

last year usage

2SFCA Network distance 500 meters

Results of this study suggest that a greater effort 
must be made to ameliorate spatial accessibility 
to medical clinics in Montreal. To ensure that 

health resources are allocated in the interest of the 
population, health planners and the government 
should consider a strategy in the sitting of future 
clinics which would provide spatial access to the 

greatest number of people.

22
(Roeger et 
al., 2010) 

[54]
Australia

Mesh blocks 
residential centroid

2SFCA Unknown 8 Km

23
(Shah et al., 
2015) [73]

Canada
Dissemination area 

population weighted 
centroid

3SFCA Network distance 25 Km

Model incorporates a distance decay function 
that better represents relative spatial access to 

PHC. The results of the modified gravity model 
demonstrate greater nuance with respect to 

potential access scores. While variability in access 
to PHC physicians across the test province of 

Nova Scotia is evident, the gravity model better 
accounts for real access by assuming that people 

can travel across artificial census boundaries.

24
(Shah et al., 
2017a) [74]

Canada
Dissemination area 

population weighted 
centroid

3SFCA Network distance 25 Km

This comparative analysis between the spatial 
distributions of PTs and FPs demonstrates 

reduced services in a number of rural and urban 
Saskatchewan communities.

25
(Shah et al., 
2017b) [75]

Canada
Dissemination area 

population weighted 
centroid

3SFCA Network distance 50 Km

Nurse practitioner services are likely addressing 
primary care access gaps due to reduced numbers 

of family physician services in certain geographical 
areas. Combined access scores reveal inequalities 
in the distribution of primary health care services 
relative to the proportion of population aged 65 
+ across both provinces, particularly in rural and 

remote communities.

Residents of metropolitan Adelaide have low GP 
ratios. However, an inequitable spatial distributio
of GPs within metropolitan Adelaide was found,
with 16% of residents considered to be living in 

areas of GP workforce shortage.
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26
(Shah et al., 
2020) [76]

Canada
Dissemination area 

population weighted 
centroid

E2SFCA Network time 30 minutes

Measuring accessibility to rural and remote 
healthcare services is not without technical 

challenges. The results of GIS approaches vary 
considerably depending on choice of input data, 

geographical area unit of analysis, and accessibility 
method. These methodological issues have 

implications for determining levels of accessibility 
to healthcare services (or where there is reduced 

access) that can impact decisions regarding health 
human resource decisions and policies related to 

rural and remote health service accessibility.

27
(Schuurman 
et al., 2010) 

[77]
Canada

Dissemination block 
population weighted 

centroid
E2SFCA Network time

120 
minutes

Southwestern Ontario has slightly better 
geographic accessibility to primary care providers 

than the provincial average, but there remain areas 
with provider shortages. Primary care provider 
distribution�is�unequal�across�the�urban�rural�
continuum, with lowest accessibility in rural 

and small population centres within the Census 
Metropolitan Area. There is a mismatch between 

the distribution of primary care providers and 
high proportions of seniors, necessitating many 
seniors to travel long distances to access health 

care

28
(Subal et al., 
2021) [78]

Germany 100 m × 100 m grid 3SFCA Network time 30 minutes

The application of the MH3SFCA method 
on small-scale data can provide an overview 
of accessibility for the whole study area. As 

many factors have to be taken into account, the 
outcomes are too complex for a direct and clear 
interpretation of why indices are low or high. 
The MH3SFCA method can be used to detect 

differences in accessibility on a small scale.

29
(Wan et al., 
2012) [55]

United 
States of 
America

Census tract and 
census block

3SFCA Network time 60 minutes

The study concludes that 3SFCA is a promising 
method to provide health professionals 

and decision makers with useful healthcare 
accessibility information.

30
(Wang and 
Luo, 2005) 

[79]

United 
States of 
America

Census tract 
population weighted 

centroids
2SFCA Network time 30 minutes

The method presented in this paper defines 
HPSAs in a systematic way using quantitative 

criteria that are consistent, precise and flexible. 
The method may help the DHHS and state health 

departments improve current practice of HPSA 
designation. This research

31
(Luo and 
Whippo, 
2012) [46]

United 
States of 
America

Census tract 
population weighted 

centroids
E2SFCA Network time 30 minutes

Despite its advantages, significant limitations have 
been highlighted within rural areas. To account 
for this, a cap function was introduced to the 

2SFCA method to limit catchment sizes within 
urban areas. Results using dynamic catchment 
sizes in northern and southern Illinois have 

revealed more detailed spatial access values overall 
and greater variability of catchment size within 

rural and urban environments.

32
(Whitehead 
et al., 2020) 

[80]
New Zealand Statistical area 2 E2SFCA Network distance 45 Km

Catchment sizes vary across rural and urban 
areas. Further, incorporating variable data-

driven population catchments recognises patient 
travel patterns and appears to improve spatial 

accessibility results in a mixed urban-rural context, 
although further modification may be necessary.
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Figure 3: Number of publications regarding research theme. Note: A-Publications/year; B-Publications/country.

Figure 4: Distribution of shortlisted studies’ quality according to CONSORT method, ranging from A (highest) to D (lowest) quality rating.

Figure 5: Distribution of shortlisted articles’ segregation according to geographical setting (urban, rural, or a combination of both urban/rural).

Figure 6: Number of studies/articles. Note: A-Catchment size according to travel-time (minutes); B-Catchment size according to travel-distance (Km).
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homes, HIV, veterans, and cancer patients. This made it challenging 
to draw conclusions from comparisons between studies.

Another limitation of this study was that the articles were 
primarily written in English. It is possible that geographical access 
to healthcare methods may be discussed in articles or databases 
in other languages, which could provide additional insights into 
the topic. Additionally, the majority of shortlisted studies utilized 
secondary data analysis, meaning that the authors selected from 
datasets collected within primary studies. The dominance of 
certain elements and limits, such as census resolution level, may 
be the result of either recurring theoretical or pragmatic decisions. 
A follow-up literature review should compare similarities and 
differences in geographical access to healthcare in developing 
economies to gain a more comprehensive understanding of the 
topic.

CONCLUSION

The findings of this systematic literature review underscore the 
importance of conducting research dedicated to access to primary 
care for non-urban populations. There is a need for future 
population health research to examine the unique geographic 
characteristics of isolated rural communities, particularly the 
role of transportation in primary care access for more vulnerable 
populations. For instance, in some areas of the province, road access 
may be restricted or limited seasonally, preventing individuals from 
accessing health services. Access to healthcare services is, therefore, 
also dependent on the availability of transportation, and the 
mode of transportation can influence travel time. In most rural 
areas of Canada, the automobile is the only means of accessing 
services, as public transportation is generally unavailable. As such, 
if services are not provided locally, they are effectively inaccessible 
to those without a car, which can disproportionately impact already 
disadvantaged populations. In urban areas, public transportation 
is better developed, making health services more accessible to 
all. However, urban researchers often assume that the entire 
population has access to a car (INSPQ, 2009). Additionally, certain 
groups of individuals may not be able to use private transportation 
independently, such as the elderly (in some cases), children, 
young adolescents, people with disabilities, or those whose health 
conditions prevent them from driving.

These challenges highlight the need for healthcare policymakers 
and providers to consider the unique transportation needs and 
limitations of rural populations when designing and implementing 
healthcare access initiatives. This may include expanding 
public transportation options or providing subsidies for private 
transportation to ensure that rural residents can access necessary 
healthcare services. Additionally, telemedicine and other remote 
healthcare delivery methods may be effective in improving access to 
primary care for rural populations who face transportation barriers.

Despite improvements in geographic access methods’ ability 
to identify underserved areas over the past decade, barriers to 
healthcare policy changes persist due to shifting political and 
economic interests. The significance of these barriers should not 
be overlooked in ongoing research. This is particularly relevant for 
rural areas with limited access to advanced medical settings and 
infrastructure. Further studies are needed to address the challenges 
faced by vulnerable members of the Canadian population who are 
disadvantaged by the status quo that favours the use of convenient 
administrative boundaries at the expense of non-urban dwellers’ 

DISCUSSION

This systematic review examined physical access to primary care 
in advanced economies using various Floating Catchment Area 
(FCA) methods. The FCA methods used in this review include 
the Two-Step Floating Catchment Area (2SFCA), Enhanced Two-
Step Floating Catchment Area (E2SFCA), and Three-Step Floating 
Catchment Area (3SFCA). The 2SFCA method is a special case of 
a gravity model of spatial interaction that was developed to measure 
spatial accessibility to primary care physicians. It can also be used 
to measure other accessibility such as accessibility to jobs, to cancer 
care facilities, etc. The E2SFCA method is an enhancement of the 
2SFCA method by considering distance decay within catchments. 
The 3SFCA method is another variation of the FCA methods.

Factors such as current geographical access measurement 
methods, setting and scale, type of environment, catchment size, 
census resolution level, outcomes, research approach, and study 
designs were considered in this review. The results indicated 
that the E2SFCA method is the most appropriate and sensitive 
means of identifying underserved access areas in extra-urban 
territories. The majority of the shortlisted studies examined study 
aim characteristics, including methodological improvement, 
comparison between methods, and empirical testing. Most were 
conducted with the intention of improving current methods.

Notably, no study was conducted purely in an extra-urban setting 
where transportation can be of particular interest. Rural areas often 
face limited seasonal access due to extreme weather or roads only 
open during the summer and are more dependent on automobile 
access  than  urban  dwellers [81]. According to McGrail and
Humphreys (2009), car travel accounts for more than 80% of trips 
taken in these areas. This  can  create  financial  stress for those
who must drive long distances, particularly for the elderly and peo-
ple with disabilities who may not have access to an adapted  public
transportation system.

In terms of study quality, many studies lacked clear definitions of 
what was being investigated and measured. Additionally, there was 
no clear consensus concerning the definition of a primary care 
provider. As such, it is unclear whether the implementation of the 
E2SFCA method by healthcare governing boards would improve 
access to primary care in rural areas. Future studies should examine 
whether rural populations who currently experience comparatively 
lower primary care access are able to better access these services once 
changes have been implemented through the E2SFCA method.

There is a strong need for international primary studies that apply 
the Enhanced Two-Step Floating Catchment Area (E2SFCA) 
method and adequately operationalize its complexity. The E2SFCA 
method is an enhancement of the Two-Step Floating Catchment 
Area (2SFCA) method by considering distance decay within 
catchments. Such studies should enable researchers to move 
beyond examinations and descriptions of simple indicators to gain 
a deeper understanding of the associations between geographical 
access and population healthcare. This would allow researchers to 
investigate the impact of geographical access on rural populations 
and determine whether the implementation of the E2SFCA 
method can improve access to primary care in these areas.

During the study selection process, it became apparent that FCA 
methods had been applied to a wide range of health services. 
However, most of the initially identified studies had to be excluded 
due to their focus on niche health service topics such as nursing 



14

Simoneau C

J Remote Sens GIS, Vol.12 Iss.05 No:1000312

health.

These barriers may include a lack of political will or funding to 
implement changes, resistance from vested interests, or a lack 
of understanding of the unique needs and challenges faced by 
rural populations. To overcome these barriers, it is essential for 
researchers, policymakers, and healthcare providers to engage in 
ongoing dialogue and collaboration to develop and implement 
effective solutions. This may involve conducting additional 
research to better understand the specific needs and challenges 
faced by rural populations, advocating for policy changes at the 
local, provincial, and national levels, and working with community 
organizations and other stakeholders to develop and implement 
targeted interventions. By taking a collaborative and evidence-
based approach, it may be possible to overcome these barriers and 
improve access to primary care for rural populations.

Finally, although the Enhanced Two-Step Floating Catchment 
Area (E2SFCA) method appears to be the most sensitive means of 
identifying underserved populations in rural areas that Physician-
to-Population Ratios (PPR) cannot detect, this method has not 
been widely used in the province of Quebec except in some 
urban settings. The E2SFCA method takes into account both the 
availability of healthcare providers and the population’s spatial 
accessibility to these providers, making it a more comprehensive 
measure of healthcare access. Future research should apply this 
method and compare it with the standard PPR used by healthcare 
governing boards for resource allocation and physician allocation 
programs (plans régionaux d’effectifs médicaux).

Such research could provide valuable insights into the relative 
strengths and weaknesses of these two methods in identifying 
underserved populations and informing healthcare resource 
allocation decisions. By comparing the results obtained using the 
E2SFCA and PPR methods, researchers may be able to identify 
areas where one method is more effective than the other and 
develop recommendations for how these methods can be used in 
combination to improve access to primary care for rural populations. 
Additionally, this research could inform the development of new 
healthcare policies and programs aimed at improving access to 
primary care for underserved populations in rural areas.
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