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Abstract
Background: The spatial arrangement of primary health care (PHC) services 
is influenced by many factors and varies across provider types. In Canada, 
unlike physician services, certain PHC services (i.e., dentistry, physiotherapy) 
are not fully funded under the health care system. As a result, one might 
expect the arrangement of these services to differ by neighbourhood, even 
in dense metropolitan areas.

Objective: This study examines the intra-urban variability of geographic 
access to dental (DS) and physiotherapy (PT) services in relation to family 
physician (FP) services in an urban area and identifies underserviced neigh-
bourhoods.

Methods: Practice location information was gathered from publicly avail-
able and routinely updated provincial sources (physician, physiotherapy 
and dentistry regulatory colleges). A neighbourhood accessibility score for 
all 3 PHC services was calculated using a GIS-based, 3-step floating catch-
ment area method. A set of parameters, such as catchment type (road net-
work buffer), size (3 km radius) and census centroids (dissemination areas), 
was used.

Results: The overall access scores for FP, PT and DS services (based on the 
281 FPs, 226 PTs, and 152 DSs) were 1.45 (SD 0.94), 1.18 (SD 0.81) and 0.79 
(SD 0.53) providers/1000 population, respectively. Spatial comparison of the 
accessibility scores indicated a greater proportion of the Saskatoon popula-
tion has lower access scores (< 0.5/1000 population) for both physiotherapy 
(n = 79 450) and dental (n = 101 270) services compared with family physi-
cian services (n = 64 420). Exploration of the relation between PHC service 
arrangement and key sociodemographic variables (e.g. low income, 
education levels) showed that a considerable proportion of those in each 
sociodemographic group has poor PT and DS access.

Conclusion: This research has identified accessibility gaps and serves to 
inform the development of health policies focused on equitable distribution 
and funding of PHC services based on population health needs.
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Inequitable access to health care exists in many urban 
settings and is a recognized challenge in the provision of 
health care delivery.1-3 In both developed and developing 
countries, a variety of primary and specialist health care 
services can be found in large urban settings. However, 
recent research has shown that the distribution of services in 
urban areas varies when poor sociodemographic conditions 
exist.4-6 For example, in Perth, Western Australia, “adult 
public dental clinics were unevenly distributed across the 
low urban dental index areas.”6 Developed countries with 
dispersed and low population densities are likely not only 
concerned about access to primary health care (PHC) 
resources across the full rural–urban spectrum, but also 
within the most diverse urban areas in terms of demograph-
ic, socioeconomic and ethnic composition.5,7 In Missouri and 
Wisconsin, United States, a considerable percentage of both 
rural and urban populations live in areas with a shortage of 
dental services.8

In Canada, the delivery and funding of health care varies 
across provinces and territories in many ways, including 
range and configuration of services, governance and 
funding models.9,10 The Canadian PHC model involves a 
broad range of health professionals (including but not 
limited to physicians, nurses, nurse practitioners, dietitians, 
physiotherapists, dentists, pharmacists and social workers), 
who provide first-contact services. A process of reform is 
underway and involves a variety of initiatives under consid-
eration to address the challenge of providing health care 
resources.11

In Canada, certain PHC services are not fully funded under 
provincial health care systems. Thus, people pay privately 
for such services as dentistry, physiotherapy and optometry. 
In contrast, family physician services and hospital care are 
wholly publicly funded in all jurisdictions.12 Integration of 
the health workforce (including dental and physiotherapy 
services) into primary care is an emerging concept currently 
being debated to better understand potential barriers, 
particularly in the North Amercian context.13,14 Common 
barriers to the integration of oral and dental services into 
primary care include the absence of health care policies 
and supporting strategies, inadequate interdisciplinary 
training and workload increase.14 For example, physiother-
apists are part of PHC teams in rural and specific urban 
programs in some jurisdictions (e.g., New Brunswick); 
however, the integration of physiotherapists into PHC “is 
affected by factors ranging from individual to system 
levels.”15 Approximately 52.2% and 44.6% of physiotherapists 
in Saskatchewan and Canada work in the public sector with 
the remaining 36.5% and 32.4% in the private sector, respec-
tively.16 Currently, only 5% of oral health care is publicly 
financed in Canada, with the remaining 95% privately 
financed (51% from employee-based insurance, 44% from 
out of pocket payments).17

Access to PHC services is often described as a “degree of 

fit” between a provider and a patient, which is perceived 
to be influenced by 5 dimensions (availability, accessibility, 
acceptability, accommodation, affordability) that highlight 
the patient’s “ability or willingness to enter the health 
care market.”18 The first two dimensions (availability and 
accessibility) represent the geographic aspects of access. 
Reduced or limited access to dental and physiotherapy 
services can have negative public health implications. 
Recent evidence shows that those without dental insurance 
have more decayed teeth and fewer filled teeth and more 
frequently report oral pain and difficulty eating (indicators 
of oral disease).19 In addition, the concentration of dental 
professionals is sensitive to degree of urbanization.20 
Physiotherapists help people regain physical function and 
movement following injury or disease, allowing them to 
return to healthy living, work and recreational activities.21-23 
Being fully physically functional and active affects not only 
mental and physical health, but also capacity to participate 
in society and the economy and independence.24

Canada is similar to other industrialized countries in that 
82.5% of the population live in urban areas.25 Equitable 
provision of health care delivery in urban areas is consid-
ered one of the challenges affecting population health. In 
Saskatoon, Saskatchewan, higher rates of mental disorders, 
diabetes, low birth weight, injuries, poisonings and coronary 
health disease have been reported in low-income neigh-
bourhoods.26 In Montréal, Quebec, mental health services 
are not equally distributed in the southwestern districts and, 
as a consequence, accessibility scores vary widely from one 
area to another.27 

Health care delivery in urban areas is sensitive to the relation 
between distribution of services and the populations they 
are meant to serve. Where residents must pay for services, 
such as dental care and physiotherapy, low-income or poor 
neighbourhoods could experience a shortage of providers. 
Thus, intra-urban access to a range of PHC services from 
different payment models is a relevant public health issue. 
This research investigates the extent to which access to 
dentists and physiotherapists differs from access to family 
physicians and identifies underserviced neighbourhoods in a 
mid-size Canadian city (Saskatoon) by applying a geospa-
tial mapping approach.

Methods
We adopted an exploratory geospatial approach to 
examine patterns of geographic access to 3 health care 
provider types: dentists (DS), physiotherapists (PT) and family 
physicians (FP). This was done to compare urban neigh-
bourhoods and to locate underserviced areas. We used 
data for census subdivisions in a mid-size Canadian Prairie 
city, Saskatoon, Saskatchewan. Information about family 
physicians was collected from the College of Physicians and 
Surgeons of Saskatchewan. Family physicians were identified 
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as those clinically practising in non-hospital community 
settings in 2014. Information about family dentists was 
collected from the College of Dental Surgeons of Saskatch-
ewan, and only dentists practising under the general 
practitioner’s category in 2014 were included. In the case of 
physiotherapists, data were obtained from 2013 membership 
renewal of the Saskatchewan College of Physical Therapists 
for members who were providing direct patient care in a 
community based setting (i.e., outside hospitals).

Health care providers’ postal address/postal code was 
used in an integrated geocoding approach to create a 
set of geographic coordinates.28,29 The road network layer 
(DMTI Spatial, Richmond Hill, Ont.) and multiple enhanced 
postal-code points were used as reference datasets in the 
geocoding process using ArcGIS software (ESRI, Redlands, 
Calif.). Practice locations, together with population data 
at the dissemination area (DA) level (i.e., health care 
demands), were used to calculate neighbourhood access 
scores. 

A 3-step floating catchment area (3SFCA) method with a 
3 km buffer catchment area29-31 was applied to estimate 
access scores for all 3 health care services separately. 
This method has been previously applied to health care 
services, food availability, and access to physical therapists 
and dentists.32-34 In the first step of this method, a provid-
er-to-population ratio was calculated at the practice level. 
This was done by placing a 3-km buffer around each health 
care practice point to capture the points of population 
demand (DA centroids) within its catchment. Second, the 
ratios from all provider points within the 3-km buffer were 
summed. Third, the neighbourhood access ratio (score) was 
calculated by averaging the access ratios from all DAs (i.e., 
the result of the second step) in a neighbourhood. 

We used a municipality-defined neighbourhood layer 
for Saskatoon.35 This study builds on a central concept 
in geography that the results of geographical studies 
can be influenced by the way areal units are defined/
conceptualized.36-38 Although there are limitations,39-41 
municipality-defined neighbourhoods are used in this study 
to address the issue of neighbourhood definition dealing 
with the geographic unit problem (i.e., “modifiable areal 
unit problem”), as well as its increasing importance and use 
in the planning and analysis of urban areas.42 Neighbour-
hood access scores, providing a local format for health care 
provider-to-1000 population ratio for each areal unit, are 
used for further analysis where smaller or no access scores 
indicate poor geographic accessibility to the health care 
services/providers.

For mapping purposes, access scores for all 3 health care 
provider types were dichotomized into 2 categories: low- 
and high-access categories where < 0.5 providers/1000 
population is considered an indicator of a poorly served 
neighbourhood and ≥ 0.5 providers/1000 population is 

viewed as an indicator of a better-served population. 
Spatial comparison between the accessibility scores for PT 
and DS services relative to the FP services and cross-tabu-
lation between the access scores for all 3 provider types 
in relation with the selected sociodemographic variables 
was performed to understand intra-urban variability better. 
For cross-tabulations of the access scores for the 3 health 
care services and between the access scores and socio-
demographic variables, the access scores were divided into 
4 classes: < 0.05, 0.5–1.0, 1.0–1.5 and > 1.5 providers/1000 
population.

To explore the relation between access scores for all 3 
health care services and selected sociodemographic 
variables, we used a set of 6 variables from the 2011 
Canadian Census and the 2011 National Household Survey 
in our analyses: high health care need, immigrants (2001–
2011), lone-parent families, Aboriginal identity, population 
without postsecondary education, low-income families 
(based on 2010 after-tax data). We selected these variables 
after reviewing a number of studies5,43-45 primarily in primary 
care contexts, although some of these variables may not 
directly relate to all 3 health care providers. In the analysis, 
these variables are used as a proxy for social determinants 
of health (aggregated at the neighbourhood level) and 
expressed as percentages where higher proportions of these 
variables generally demand high health care need.

Results
In estimating access scores, we included geospatial data 
from 281 family physicians, 226 physiotherapists and 152 
general dentists in Saskatoon. Figure 1 shows the distribution 
of these health care services by practice size relative to the 
neighbourhood-level prevalence of low-income families. 

We calculated a set of neighbourhood access scores for all 
3 health care services that describes geographic aspects 
of access to these 3 services using the 3SFCA method. In 
all cases, a higher access score (providers/1000 people) 
represents better geographic access to PHC services. 

City-level access scores for FP, PT and DS services based on 
63 neighbourhoods were 1.45 (max. 3.96, standard deviation 
[SD 0.94), 1.18 (max. 2.94, SD 0.81) and 0.79 (max. 2.03, SD 
0.53) providers/1000 population, respectively. The results of 
the cross-tabulations for provider access scores (PT versus 
FP, DS versus FP, and DS versus PT) are displayed in Table 1. 
A greater proportion of the Saskatoon population has lower 
access scores (< 0.5/1000 population) for both physiothera-
py (n = 79 450) and dental (n = 101 270) services compared 
with family physician services (n = 64 420). A substantial 
portion of Saskatoon’s total population of 221 400 is located 
in the lowest-access category (< 0.5/1000 population) for 
both FP and PT (47 935), for FP and DS (64 420) and for PT 
and DS (74 940). These results are mapped in Fig. 2, where 
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cross-classifications between dichotomized categories show 
low-low, low-high, high-low and high-high access scores by 
neighbourhood for each pair of providers as well as for all 
3 services. In all 4 cases, most of the neighbourhoods with 
poor access are located close to the edge of the city.

We explored the relation between access scores for all 3 
health care provider types and the selected sociodemo-
graphic factors (Table 2 and Fig. 3). We calculated the 
percentage of those in a sociodemographic group across 
4 categories of access scores for each health care service 
(Table 2). Comparing the poorly served categories (< 0.50 
providers/1000 population) for PT and DS services in relation 
to FP services showed that a considerable proportion of 
those in each sociodemographic group has poor PT and DS 
access. For example, of the 80 215 people age 15 years and 
over without postsecondary education, greater proportions 
of the population have poor geographic access to PT 
(34.6%) and DS (44.2%) services compared with FP services 
(29.6%). 

We mapped Saskatoon neighbourhood access scores 
for all 3 health care services (Figs. 3a to 3c) as well as the 
distribution of the 6 sociodemographic variables (Figs 3d 
to 3i). A standard deviation (SD) scheme was used, where 
class breaks are placed above and below the mean at an 
interval of 1 SD until all data values are contained within 
the classes. In the map legend, each class that shows how 
much a value varies from the mean also presents data 
ranges and neighbourhood count. For example, 22 neigh-
bourhoods (ranges 14.2 to 23.5% lone-parent families) falls 
in the middle class (± 0.5 SD). The first 2 classes and the last 
2 classes represent the neighbourhoods with comparatively 
lower and higher proportions of lone-parent families, respec-
tively.

Discussion and Conclusions
In comparing geographic access to DS, PT and FP services 
in Saskatoon, we found inequalities in the distribution of 
these services showing that dentists and physiotherapists are 
more highly concentrated in certain areas of the city. For 
example, service concentrations can be seen in the urban 
centre and along a commercial corridor (8th Street) on the 
east side of the city (see Fig. 1). 

The second part of this study compared measures of poor 
access with various sociodemographic variables: high 
health care needs, immigrants (2001–2011), lone-parent 
families, aboriginal identity, no postsecondary education 
and low-income. Our results show most of the neighbour-
hoods with poor access to PHC services are located close 
to the outer margins of the city. One possible reason for 
this pattern could be that city population growth has 
outpaced provision of health care services. According to 
recent population statistics, the city of Saskatoon population 

Figure 1: Prevalence of low-income families by neighbourhood in Saskatoon, 
Saskatchewan, based on 2010 after-tax income overlaid by location of family physicians, 
physiotherapists and dentists for 3 practice sizes. Note: BA = Business Area, CN. Ind. = 
Canadian National Railway Industrial, MA = Management Area, SC = Suburban Centre, 
SW Ind. = Southwest Industrial, U of S = University of Saskatchewan, DA = Development 
Area.

Figure 2: Comparison of neighbourhood access scores between (a) family physician (FP) 
and physiotherapist (PT) services, (b) FP and dental services (DS), (c) PT and DS, and (d) FP, 
PT, and DS. In all cases, low = access score < 0.5 providers per 1000 population and high = 
access score ≥ 0.5 providers per 1000 population.
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growth rate between 2001 and 2015 was 32 per cent — 
faster than other similar urban areas with population less 
than 500,000 across Canada.46 Although it is beyond the 
scope this study to explain the possible factors reducing the 
availability of health care resources in detail, existing models 
suggest that factors such as income and education are 
associated with health care access and use.47-49

There are a few limitations related to the data and methods 
used in this study. The process of estimating geographic 
access depends on 3 factors: the level and type of input 
data; the spatial interaction processes involved; and units 
of analysis. Commonly, 2 kinds of input data are required 
for the GIS-based accessibility method: supply (i.e., health 
care services) and demand (population health care needs). 
In our research, practice location information (health 
care supply data) was gathered from publicly available 
and routinely updated sources. Information about the 3 
health care professions comes from different sources and 
sociodemographic variables and population figures based 
on the 2011 Census are not from the same year/period, 
which may slightly skew the results and complicate interpre-
tation. Also, the DA centroids and locations of health care 

services may be subject to positional errors because of the 
techniques generally applied to create a set of geographic 
coordinates. Among GIS-based accessibility measures, 
particularly in the field of health services research using 
floating catchment area (FCA) method has opened a new 
section of geographic research describing methodological 
developments/ improvements. In an assessment of recent 
improvements of 2SFCA method, McGrail50 specified that 
a “key strength of the 2SFCA method is that it can be 
readily applied to both metropolitan and rural populations. 
However, this ‘flexibility’ can also be one of its weaknesses 
when applied simultaneously across all geographies.” 
Among many newly developed methods based on the FCA 
approach, the current research uses an improvement to 
FCA method31,32 that was tested and applied mostly in urban 
context.

The findings of this study show that dentists and physio-
therapists relative to family physicians are inequitably 
distributed within Saskatoon, SK Canada in relation to key 
sociodemographic variables. Similar patterns of inequitable 
access may also be present in other communities; however, 
further research is needed to confirm such an hypothesis. 

Table 1: Cross-tabulation showing number of residents 
with various levels of access to: (a) family physicians and 
physiotherapy services, (b) family physicians and dental services 
and (c) physiotherapy and dental services in Saskatoon, 
Saskatchewan.
a. Access score for family physician services
Access score for 
physiotherapy 
services

< 0.5 0.5–1.0 > 1.0–1.5 > 1.5 Total

< 0.5 47 935 27 715 3 800 - 79 450

0.5–1.0 10 140 6 295 11 455 25 065 52 955

> 1.0–1.5 4 715 - 6 540 10 735 21 990

> 1.5 1 630 2 820 9 730 52 865 67 045

Total 64 420 36 830 31 525 88 665 221 440

b. Access score for family physician services 
Access score for 
dental services < 0.5 0.5–1.0 > 1.0–1.5 > 1.5 Total

< 0.5 64 420 29 500 7 350 - 101 270

0.5–1.0 - 7 330 14 095 38 975 60 400

> 1.0–1.5 - - 10 080 30 310 40 390

> 1.5 - - - 19 380 19 380

Total 64 420 36 830 31 525 88 665 221 440

c. Access score for physiotherapy services
Access score for 
dental services < 0.5 0.5–1.0 > 1.0–1.5 > 1.5 Total

< 0.5 74 940 16 435 4 715 5 180 101 270

0.5–1.0 4 510 21 410 11 035 23 445 60 400

> 1.0–1.5 - 15 110 5 390 19 890 40 390

> 1.5 - - 850 18 530 19 380

Total 79 450 52 955 21 990 67 045 221 440

Figure 3: Saskatoon neighbourhoods showing: (a to c) the distribution of 3-step floating 
catchment area accessibility scores for family practitioners (FP), physiotherapy (PT) and 
dental (DS) services; (d to i) manually classified and sociodemographic characteristics, 
classified using standard deviation scheme.
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The methods and approach used in this study to determine 
the spatial distribution of services may serve as a model to 
further examine this issue. Ideally, health care accessibility 
should be examined in urban areas on a regular basis to 
observe changes in poorly served areas, distributions of 
health services, and relationships with population health 
care needs. This information could then be shared with 
health care professionals and relevant policy makers and 
professional associations (family physicians, physiotherapists, 
and dentists); particularly for those who are looking to start 
new practices, those who are in training/newly graduated, 
or those who wish to change their practice location. 
Combining GIS and spatial analysis tools provide the power 
of looking beyond the simple intra-urban organization 
of PHC services in particular about the distribution of the 
population health characteristics. Ultimately this type of 
approach will contribute to the development of health 
policies focused on equitable distribution and funding of 
PHC services based on population health need.
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Table 2: Cross-tabulation of neighbourhood access scores by class of health care provider (FP = family physician, PT = 
physiotherapist, DS = dental services) and sociodemographic characteristics for Saskatoon, Saskatchewan.

Proportion of the population, %
Access score Provider High health 

care needs* 
(n = 91 040)

Immigrants, 
2001–2011 
(n = 14 650)

Single-parent 
families 
(n = 10 395) 

Aboriginal 
identity  
(n = 21 195)

No postsecondary 
education 
(n = 80 215)

Low income  
(n = 30 385)

< 0.5 FP 28.2 31.1 27.6 27 29.6 20.4

PT 33.9 38.2 32.3 31.6 34.6 28.3

DS 43.6 50.6 42 39.8 44.2 33.9

0.5–1.0 FP 16.2 20.5 13.6 11.5 14.8 16.1

PT 24.6 27.7 23.1 18.7 24 21.3

DS 28.7 20.4 28.4 30.7 28.2 34.4

> 1.0–1.5 FP 15.3 11.9 13.8 19.3 14.9 17.6

PT 9.8 9 8.1 10.1 9.1 11.2

DS 19 23.4 19.7 20.6 18.6 23.3

> 1.5 FP 40.3 36.6 45.1 42.1 40.7 46

PT 31.6 25.1 36.5 39.6 32.3 39.2

DS 8.7 5.7 9.9 8.8 9 8.5

*High health care needs is a composite variable made up of population under 4, female population 18–49 and population > 65 years of age.
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