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ABSTRACT

Objective: The primary objective of this study is to conduct a rigorous and comprehensive assessment of the 
relationship between the deficiency of medical care accessibility in rural areas, with a particular focus on the 
most susceptible and vulnerable segments of the population. In order to achieve this objective, the study employs 
the utilization of the Enhanced Two-Step Floating Catchment Area (E2SFCA) methodology, and examines its 
implications for the Spatial Mismatch Theory in line with the Central Place Theory. Through the application 
of this theoretical framework, this paper endeavors to elucidate and focus on the aforementioned deficiency, by 
explicating the observed incongruity between the requirements and needs of specific population segments, and 
the scarcity of available primary care services. By providing a detailed and nuanced analysis of these issues, this 
study aims to contribute to our understanding of the challenges facing rural populations in accessing essential 
medical care.

Method: In order to rigorously assess the validity  and applicability of the Spatial Mismatch Hypothesis within 
the context of this investigation, a comprehensive and systematic approach was employed. This entailed the 
incorporation and analysis of a diverse range of data, including information pertaining to employment rates, 
educational attainment levels, and average commute durations, all of which were sourced from the 2016 
Canadian Census. Furthermore, in order to ensure the highest degree of accuracy and reliability in our findings, 
an advanced two-step floating catchment area methodology was utilized as part of our analytical framework.

Results: The systematic investigation and scrutiny of the data concerning employment rates, levels of educational 
attainment, and average commute durations do not furnish conclusive evidence to substantiate the presence 
of a significant accessibility deficit among the population. Moreover, these observations serve to refute the 
validity of the Mismatch Spatial Hypothesis, specifically. In contrast, the Central Place Theory appears more 
suitable for elucidating access levels for the working population possessing a high school diploma or higher. It is 
apparent that the provision and accessibility of primary care services remain inextricably intertwined with, and 
dependent upon, the existence of sufficient road infrastructure. As a result, individuals residing at substantial 
distances from the primary road network may experience severely compromised access to such services.

Conclusions: This study has conducted a rigorous and comprehensive assessment of the relationship between 
the deficiency of medical care accessibility in rural areas, with a particular focus on the most susceptible and 
vulnerable segments of the population. Through the utilization of the Enhanced Two-Step Floating Catchment 
Area (E2SFCA) methodology, and the examination of its implications for the Spatial Mismatch Theory in line 
with the Central Place Theory, this paper has elucidated and shed light on the aforementioned deficiency. 
The findings of this study indicate that the Central Place Theory appears more suitable for elucidating access 
levels and that the provision and accessibility of primary care services remain inextricably intertwined with, and 
dependent upon, the existence of sufficient road infrastructure. As such, it is evident that individuals residing 
at substantial distances from the primary road network may experience severely compromised access to such services. 
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centers dominate rural areas, and the threshold concept may not be 
applicable in these regions. Some healthcare facilities may struggle 
to provide optimal services and may operate at a loss or even close 
due to their inability to reach the necessary threshold levels. A high-
threshold function requires a substantial customer base to remain 
profitable. Urban centers, as conceptualized by the central place 
theory, require a large population to support their operations. This 
is also true for healthcare facilities located in urban areas, which rely 
on a large patient base to sustain their functionality. According to 
the central place theory, a high-range function attracts individuals 
from distant locations to access its services, explaining why urban 
healthcare systems often outperform their rural counterparts.

This finding is consistent with the tenets of growth pole theory, 
which posits that economic development is not uniformly 
distributed within a given region. Instead, it transpires around 
specific poles or clusters where industries are concentrated. Urban 
centers experience elevated levels of growth and development, 
primarily due to the advancement of core industries. The growth 
pole serves as a catalyst for economic growth within a region. 
The progression of working processes in and around large cities 
contributes to the development of surrounding regions. In contrast, 
rural areas exhibit lower levels of economic development due to 
limited exchange of goods and services [29]. As cities develop, all 
other working systems are expected to follow suit; this explains why 
healthcare units in urban centers are more advanced than those in 
rural areas. The frequency of commodity exchange between urban 
hospitals is heightened; they are interconnected, facilitating the 
sharing of information and skills, thereby placing them far ahead 
of rural units. Consequently, rural patients must travel to urban 
centers to obtain quality services.

Urban centers are fields of force, constituting homogeneous spaces 
in which all economic activities, including hospitals, enjoy similar 
environmental benefits. This enables healthcare units to achieve 
advanced growth and surpass their rural counterparts. Urban 
areas benefit from superior growth policies, effective economic 
planning, a skilled workforce, and advanced technological systems. 
Consequently, activities within urban centers are optimized, 
allowing healthcare units to operate at peak efficiency and attain 
their developmental objectives. 

Perroux’s Growth Pole Theory is predicated on Schumpeter’s theory, 
which examines the role of innovation. Schumpeter’s theory posits 
that innovations are instrumental in driving economic growth 
within a region and that advancements in technological systems 
occur primarily within large firms. These dynamic, propulsive firms 
exert dominance over other entities, ensuring that they alone are 
best equipped to provide quality services. Healthcare units situated 
in these regions dominate their rural counterparts, thereby limiting 
their capacity for innovation and growth. In contrast, hospitals 
located in rural areas suffer from inadequate planning among 
stakeholders [30]. These factors contribute to the significant 
disparities between hospitals situated in rural and urban settings.

Hospitals located in urban settings stand to benefit more from 
technological advancements than their rural counterparts. 
According to the Growth Pole Theory, individuals residing in 
areas surrounding a major town tend to migrate to urban centers 
to conduct their various affairs, a phenomenon that further 
enhances these settings. Working systems, such as hospitals, 
receive substantial financial support; rural inhabitants play a role 
in developing urban hospitals rather than focusing on improving 
units closer to their homes.

Agglomerations and cumulative causation ensure that urban 

By utilizing the framework provided by the central place theory, it 
is possible to explain the spatial distribution of healthcare facilities 
in rural areas. The distribution of healthcare units in urban centers 
follows a pattern of decreasing density from central business 
districts towards peripheral areas. Within each region, there is 
a territorial distribution of clusters that are closely connected to 
traffic routes. The level of hospitalization and development in 
urban areas exhibits a high degree of coupling.

Urban healthcare facilities are dispersed throughout densely 
populated areas and strive to meet the needs of their patients. A 
comprehensive central system is created by hospitals located in close 
proximity to one another, which are connected to all surrounding 
areas, making them accessible to a large number of individuals. 
Several factors influence the spatial distribution of urban hospitals, 
including cost and cultural considerations. Studies of the spatial 
distribution of urban hospitals have examined their levels and 
scales, as they are designed to serve a large volume of patients and 
ensure that their needs are met [27]. The operational strategies of 
these facilities can be understood through the lens of the central 
place theory, given the high degree of similarity between the two 
systems.

The central place theory defines the threshold of a given process 
as the minimum number of individuals required to purchase a 
good or service in order for a supplier to remain in business. In 
such a scenario, all expenses are recouped, but the business may 
not generate a profit. Hospitals in urban centers have a greater 
likelihood of meeting their financial obligations and remaining 
operational due to their large customer base. This helps to reduce 
operational costs, increase revenue, and support institutional 
growth. The centralization of services in large cities enables 
companies to benefit from economies of scale, allowing them to 
expand their operations and improve efficiency.

The concept of range, as applied by the Central Place Theory, can 
aid in elucidating the disparities in access to medical care between 
rural and urban areas. The paucity of healthcare facilities and 
services in rural regions is a cause for concern; rural inhabitants are 
unable to evaluate the quality of services they receive in comparison 
to the functional systems in urban centers. According to the theory, 
range pertains to the determination of the distance a consumer 
is willing to travel to obtain a service. Urban centers boast an 
abundance of healthcare facilities and optimal healthcare services. 
In contrast, rural patients must traverse considerable distances to 
obtain quality care. The Central Place Theory posits that beyond 
a certain threshold, a service may become prohibitively expensive, 
with the costs of travel and time outweighing the benefits of the 
service. Rural residents must bear these costs to access the quality 
care they require. In a given region, a single city may be surrounded 
by smaller towns and hamlets; this same principle applies to 
healthcare units established within a locality [28]. There exists a 
positive correlation between a city’s growth and the availability 
of healthcare facilities. This implies that major hospitals will be 
encircled by numerous smaller clinics that rely primarily on the 
main hospital for specialized care. Just as residents migrate to cities 
in search of advanced services, rural hospitals refer patients to major 
healthcare units in urban centers. Patients must travel considerable 
distances to receive treatment services. Thus, it is evident that the 
central city plays a crucial role in fulfilling the healthcare needs of 
individuals residing in rural areas or “hinterlands.”

In rural areas, the population is spatially dispersed and may lack 
the financial resources to sustain a healthcare facility at optimal 
levels of operation. According to the central place theory, urban 
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shown in this model:
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between k and j while β is the distance decay (travel impedance) 
coefficient. This method uses a buffer radius to show how far 
people are willing to travel to get healthcare services. It assumes 
that people want to minimize their costs when choosing where to 
go for healthcare.

In order to understand the accessibility of medical clinics for rural 
populations, we utilized a combination of geographic information 
systems and network analysis. Using the “closest facility” tool of 
QGIS’s Network Analysis module and the TravelTime (™) API, 
we calculated the proximity between geocoded medical clinics 
and population centroids within a maximum catchment size of 
100 minutes. This catchment size is based on previous research 
that suggests a distance of 60 minutes to 120 minutes is generally 
considered appropriate in rural contexts. We obtained road 
network data from Open Streets and used travel time instead 
of distance by combining road length with average speed. This 
allowed us to apply the E2SFCA method to the exported data using 
a spreadsheet. Our beta coefficient was linear, corresponding to a 
1% decrease in access per driven minute. Linear coefficients are 
commonly used in rural contexts and are easier to calculate while 
maintaining the internal rationale of the beta coefficient in the 
E2SFCA method [32].

The E2SFCA method is a powerful tool for understanding healthcare 
accessibility by aggregating data to create an accessibility measure. 
In the first step, a population-to-provider ratio is calculated for each 
healthcare clinic by including all population locations within our 
defined threshold, which in this case is 100 minutes. This step does 
not take into account distance decay as each clinic is static. In the 
second step, another population-to-provider ratio is calculated for 
each population centroid within each dissemination area using a 
distance decay of β to represent distance friction. This impedance 
function reflects reality by translating the cost of traveling further 
as a barrier to access, making clinics that are farther away less 
accessible to the population. Without this function, access would 
be the same for everyone within the catchment area, which is not 
realistic. This approach provides a nuanced understanding of 
healthcare accessibility in rural areas.

The ideal ratio of general practitioners to population is a topic of 
much debate within the field of healthcare accessibility. While this 
ratio can vary depending on a variety of factors, the most commonly 
recommended ratios range from 22.5 to 40.5 family physicians per 
100,000 inhabitants. This range is based on extensive research and 
analysis of healthcare systems and population health outcomes. In 
our analysis, we will use this range as the lower and upper limits for 
determining whether access to general practitioners is insufficient 
(below 22.5) or overprovisioned (above 40.5). This will allow us to 
create three categories of access that demonstrate the level of access 

centers accumulate a large number of firms. This results in 
increased population levels, which in turn drives a high influx of 
patients to urban hospitals that enable these hospitals to sustain 
their operations and enhance the quality of their working processes. 
Consequently, primary care services are provided optimally, and 
patients can be assured of accessing the desired working processes. 
In rural areas, investment is often minimal. This leads to a deficit in 
medical access; hospitals established in such regions lack adequate 
medicine and physicians [31]. The absence of backward and 
forward linkages contributes to the lagging of rural areas. Working 
systems such as healthcare units lack the necessary resources to 
operate effectively, compelling rural residents to seek quality care 
in urban healthcare facilities. In urban centers, backward linkages 
ensure that inhabitants and hospitals receive a steady supply of 
primary goods and raw materials. This cycle of businesses ensures 
that economic activities within urban areas continue to flow and 
achieve desired working levels.

METHODOLOGY

McGrail and Humphreys found that the E2SFCA method is 
the best way to measure how easy it is for people in rural areas 
to get to primary care [8]. In order to accurately assess access to 
primary care, it is essential to consider the location and proximity 
of both providers and populations. In this study, population data 
was obtained from the 2016 Canadian national census using 
Dissemination Areas (DAs), which represent the smallest standard 
geographic areas containing all census data. On average, DAs in 
this study had a population of 496 and an area of 342 km2.

This study focuses on the four easternmost regions of Quebec 
province, which are primarily rural in nature with the exception 
of several small urban centers. While two small universities 
within these regions offer training for certain health professions, 
individuals seeking to become general practitioners must complete 
their formal medical education in Quebec City or beyond. Nursing 
education is more widely available throughout Eastern Quebec.

The Cote-Nord region has a vast land area of 240-7655 km2 and 
a population of 92518. The region is served by 77 dedicated full-
time general practitioners, resulting in a ratio of 0.8-3 GP per one 
thousand inhabitants. The regional economy is primarily driven 
by mining, lumbering, aluminum production, and tourism. The 
Gaspésie-Iles-de-la-Madeleine region has a land area of 20,272 km2 
and a population of 92,403. It is served by 131 general practitioners 
with a ratio of 1.45 GP per 1000 inhabitants. The economy has 
been centered on fishing, agriculture, and forestry. The Bas-Saint-
Laurent region is demarcated by the Saint Lawrence River and 
has a population of 1,97,385. Within this region, 227 general 
practitioners were enumerated, yielding a ratio of 1.15 GP per 1000 
inhabitants. Saguenay–Lac-Saint-Jean is known for the Saguenay 
Fjord and has a population of 2,75,552. The region has 288 general 
practitioners with a ratio of 1.04 GP per 1000 inhabitants. The 
manufacturing, education, health and social assistance, and trade 
sectors account for nearly half of the region’s GDP.

We will measure access to healthcare in those regions using a 
method called the Floating Catchment Area (FCA). This method 
calculates the number of doctors available for each person in 
an area by looking at how many medical facilities are within a 
reasonable distance. As the distance between doctors and patients 
increases, the number of times they interact decreases [4]. This is 
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social deprivation and material deprivation (-0.231). Furthermore, 
social deprivation is positively correlated with the mode of 
transportation to one’s place of employment, specifically walking 
(0.316), while exhibiting a negative correlation with car ownership 
(-0.296). It is therefore not unexpected that social deprivation is also 
correlated (0.253) with proximity to one’s place of employment, 
defined as a commute time of less than 15 minutes. An analysis 
of unemployment data and educational attainment levels reveals 
a positive correlation (0.343) between unemployment and the 
absence of a high school diploma.

A more detailed examination of access data reveals weak but 
statistically significant correlations between improved access to 
primary care services and the absence of a high school diploma 
(0.141), as well as between better access to primary care and 
higher unemployment rates (0.144). Dissemination Areas (DA) 
characterized by higher levels of educational attainment, specifically 
high school diplomas and post-secondary diplomas, exhibit a 
decrease in access to primary care services (-0.152). 

The data presented can be interpreted through two distinct logical 
frameworks. The first framework posits that state-led redistribution 
efforts improve access to essential services for those most in need, 
thereby demonstrating the positive impact of such policies on 
vulnerable populations. Conversely, the second framework suggests 
that individuals with higher levels of educational attainment are 
more likely to be homeowners and may choose to reside further 
away from urban centers where hospitals and medical clinics are 
typically located, resulting in the observed negative correlation in 
the data. These two frameworks offer contrasting interpretations 
of the data and highlight the complex interplay between social and 
economic factors in shaping access to essential services. Further 
research is needed to better understand these relationships and 
to develop effective policy interventions to address disparities in 
access to primary care services.

Using the Enhanced Two-Step Floating Catchment Area (E2SFCA) 
method, primary care accessibility was analyzed in four regions. 
In the Bas-Saint-Laurent region, accessibility was satisfactory up 
to the end of the Transnational Highway, but decreased further 
eastward and in smaller towns lacking direct highway access. 5.4% 
of dissemination areas had low access to primary medical care. In 
the Saguenay region, 94.9% of dissemination areas fell below the 
recommended physician-to-population ratio, with a pronounced 
deficiency in rural areas due to limited road network extension. 
In the Gaspesie region, even the easternmost Gaspé region had 
suboptimal accessibility, with 58.3% of dissemination areas having 
low access to primary care. The Cote-Nord region exhibited a 
similar pattern, with diminished road access correlating with 
reduced primary care accessibility and 28.8% of the region lacking 
sufficient access.

Data from Statistics Canada in 2016 showed that in 14 
Dissemination Areas (DAs), over 20% of the population had 
a commute time exceeding one hour to reach their workplace, 
and in 13 DAs, no residents had a commute time of less than 15 
minutes. This suggests that access to primary medical care may also 
take longer due to the vast distances that must be traversed. Private 
automobiles were the predominant mode of transportation to 
work, accounting for 75% of all transportation in over 90% of our 
DAs. In contrast, active modes of transportation, such as walking, 
were less commonly used, with less than 10% of the population 
commuting to work by walking in more than 77% of DAs, and no 
residents walking to their workplace in 48% of DAs.

The Deprivation Index (DPI) is a composite measure that 
incorporates unemployment data and education level as its core 
components. Given the presence of autocorrelation, it would be 
methodologically unsound to measure the correlation of the DPI 
with these data sets. However, within the confines of our study 
area, an analysis of the data reveals a negative correlation between 

Figure 2: Access level compared to the access average for all dissemination areas using the E2SFCA method. Note: ( ) : Health regions; ( ) : 
Administrative access below average; ( ) : Administrative access above average
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technical innovations such as telemedicine, which enhances the 
process of service delivery. By implementing these and other policy 
recommendations, it is possible to reduce the spatial mismatch 
between healthcare providers and patients in rural areas and 
improve access to primary care. These efforts hold great promise 
for enhancing the health and well-being of rural residents. The 
findings of our study underscore the importance of considering 
alternative theoretical frameworks in order to better understand the 
complex relationships between social, economic, and spatial factors 
in shaping access to essential services. Further research is needed 
to fully elucidate these relationships and to develop effective policy 
interventions to address disparities in access to primary medical 
care.
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by the Spatial Mismatch Hypothesis, as there is no observed 
correlation between poorer and less educated dissemination areas 
and reduced access to primary care services. As such, it is necessary 
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These findings underscore the importance of considering 
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in shaping access to essential services. Further research is needed 
to fully elucidate these relationships and to develop effective policy 
interventions to address disparities in access to primary medical 
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