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Key Messages

� This intra-urban analysis of spatial accessibility to dental services highlights poorly served
municipalities.

� The dental access score is found to be associated with the following socio-economic variables: lone
parent, home ownership, and dwellings needing major repairs.

Oral health is an intrinsic component of overall health and wellbeing. However, in Canada oral health
care (other than emergency, hospital-based services) is not covered by the Canada Health Act and is
delivered primarily on a fee-for-service basis. This study explores the urban arrangement of dental
services in comparison with other Primary Health Care services (in this case, family physicians) and
further, determines the association between access to dental services and socio-economic variables. A
GIS-based spatial accessibility method was used to calculate the neighbourhood access score for both
dental and family physician services within Saskatoon, Saskatchewan. Spatial analysis and spatial
statistical methods were applied to determine the relationship between dental access score and socio-
economic variables. A best-fit linear regression model was identified using a forward step-wise approach.
Next, to reduce the spatial autocorrelation present in the linear model, a spatial lag regression model that
includes a spatially lagged dependent variable, spatial weight matrix (queen contiguity, row-standardized)
was estimated. Three explanatory variables (lone parent, home ownership, and dwellings needing major
repairs) were found to be associated with the access to dental services. This study demonstrates the power
of looking beyond the simple arrangement of health care services to highlight poorly served neighbour-
hoods in urban settings.
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Les disparit�es dans l’offre de services dentaires au Canada : une �etude de cas de Saskatoon,
Saskatchewan

La sant�e buccodentaire fait partie int�egrante de la sant�e et du bien-être au sens large. Cependant, au
Canada les soins de sant�e buccodentaire (autres que les services d’urgence dans les milieux hospitaliers) ne
sont pas assur�es par la Loi canadienne sur la sant�e et sont offerts surtout selon le principe de la
r�emun�eration �a l’acte. L’exploration men�ee dans le cadre de cette �etude porte sur la structuration urbaine
des services dentaires comparativement avec d’autres services de soins de sant�e de premi�ere ligne (dans ce
cas, les m�edecins de famille) et permet d’�etablir, en outre, l’existence d’une association entre l’acc�es aux
services dentaires et les variables socio-�economiques. Le recours aux SIG pour la mod�elisation de
l’accessibilit�e a servi �a estimer un indicateur d’acc�es aux services dentaires et aux m�edecins de famille par
quartier sur le territoire de Saskatoon, Saskatchewan. L’utilisation de l’analyse spatiale et des m�ethodes de
statistiques spatiales a fait ressortir la relation entre l’indicateur d’accessibilit�e aux services dentaires et les
variables socio-�economiques. Un mod�ele de r�egression lin�eaire ordinaire est obtenu avec une approche
ascendante par �etapes. Ensuite, un mod�ele autor�egressif avec d�ecalage spatial permet de contrôler l’effet
d’autocorr�elation spatiale. Il comporte une variable d�ependante spatialement d�ecal�ee et une matrice de
pond�eration spatiale (contigu€ıt�e de type reine, standardis�e par ligne). On constate une association entre
l’acc�es aux services dentaires et trois variables explicatives (monoparentalit�e, taux de propri�et�e, et logement
n�ecessitant des r�eparations majeures). L’�etude a permis de constater l’int�erêt de d�epasser la question de la
structuration des services de soins de sant�e pour mieux caract�eriser les quartiers mal desservis en milieu
urbain.

Mots cl�es : services dentaires, m�edecin de famille, r�egression spatiale, g�eographie de la sant�e, m�ethode des
zones de chalandise flottantes

Background and relevance

Despite improvements over time, oral disease
remains one of society’s most common chronic
conditions anddirectly impacts systemic health and
wellbeing (U. S. Department of Health and Human
Services 2000; WHO 2003). While the majority of
Canadians have been shown to have good oral
health, there remain subgroups (vulnerable popu-
lations) that experience oral health inequalities.
Within the Canadian context these populations
include low-income earners and their children,
those without dental insurance (including the
elderly), refugees and immigrants, and those resid-
ing in rural and remote locations (Canadian Acad-
emy of Health Sciences 2014). These inequalities are
evident both in oral disease distribution and access
to oral health care. Analyses of the Canadian Health
Measures Survey (CHMS) found that those without
dental insurance were found to have more decayed
teeth and fewer filled teeth; they reportedmore oral
pain and reported having difficulty eating food
more frequently (indicators of higher oral disease
levels) (CAHS 2014). Further to this, those without
dental insurance and those in the lowest income
quintile were more likely to avoid treatment due to

cost, have a pain-related (or emergency) visiting
pattern, and did not report seeing a dental profes-
sional in the previous year (CAHS 2014).

Discussions around access (in terms of the oral
health care market) have been predicated on the
“degree of fit” between a provider and a client,
by defining five dimensions (availability, accessibil-
ity, acceptability, accommodation, affordability) felt
to highlight the patient’s “ability or willingness
to enter the [oral] health care market” (Penchansky
and Thomas 1981). The first two dimensions (i.e.,
availability and accessibility) represent the geogra-
phic dimensions of access. According to Penchansky
and Thomas (1981), availability describes the supply
of health services in relation to the population in
need, whereas accessibility describes the geographi-
cal location of health services in relation to the
location of clients by considering geographical
factors such as transportation, travel time, distance,
and cost. The interpretation varies in rural andurban
settings. For example, in comparison to the health
care market, which is wholly publicly financed in
Canada, the oral health care market remains largely
outside the Canada Health Act, and as such, is not a
universally mandated service, resulting in distinct
differences for rural communities with fewer than
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the threshold number of patients to support a fee-
for-service health service, such as a dentist. Cur-
rently, approximately 5% of oral health care is
publicly financed, with the remaining 95% being
privately financed (51% from employee-based insur-
ance, 44% from out-of-pocket payments) (Qui~nonez
2013).

Public investments in oral health are largely
focused on low-income children or those on social
assistance at the provincial level, while federal
investments are targeted towards First Nations and
Inuit beneficiaries, refugees, and employees of the
armed forces (CAHS2014).While the fundingmodels
for health and oral health care are different, the
delivery of these services is via private, fee-for-
service schemes. To this end, it was found that
approximately 63% of Canadians used private insur-
ance to pay for dental treatment, 32% paid out of
pocket, and just over 5% relied onpublic insurance to
cover these costs (Thompson et al. 2014). To be sure,
those with the greatest oral health need (i.e.,
vulnerable groups) are often those who have the
most difficulty accessing the oral health caremarket.

In this studywe examine the distribution of dental
services in a mid-size Canadian city—Saskatoon,
Saskatchewan. Using cartographic and spatial ana-
lytic techniques we explored whether oral health
care access differs from that of access to other
Primary Health Care (PHC) services such as those of
a family physician. We also assessed the extent to
which a person’s access to dental services is
influenced (predicted) by their socio-economic
status. The study hypothesis is that geographic
accessibility to dental services will vary consider-
ably across the neighbourhoods, and that distribu-
tion of services will not match with population
health needs. The objectives of this research were
two-fold: (1) to compare access scores for dental
services with those for other PHC services, and (2) to
examine the relationship between access to dental
services and socio-economic variables.

Methods and data

To achieve the first objective of this study, a
GIS-based approach was utilized, examining the
distribution of dental services in urban environ-
ments by comparing the access scores for dental
services with scores for other PHC services such
as family physicians. To explore the relationship

between access to dental services and socio-eco-
nomic variables, regression analysis was used. This
study was conducted using data for Saskatoon,
Saskatchewan, Canada. Saskatoon is a mid-sized
Canadian city with a population of 220,000. It has
been relatively well studied from a variety of health
care perspectives. For example, studies have inves-
tigated the distribution of local health care resour-
ces, family physicians and associated technical
issues (such as addressing geocoding positional
and matching errors), and proximity analysis of
health care service availability and impact of
distance, food outlets, etc. (Aspen et al. 2012;
Harrington et al. 2012; Bell et al. 2013; Engler-
Stringer et al. 2014; Shah et al. 2015). In order to
calculate the access score for the dental and PHC
services, dental practitioner addresses in 2014 were
accessed from the College of Dental Surgeons of
Saskatchewan and family physician addresses
in 2013 were accessed from the Saskatchewan
College of Physicians and Surgeons. For the dental
services (n¼152), only those whose clinicians were
registered as general practitioners and who had
addresses within the city of Saskatoon were
included. For PHC services (n¼234), only doctors
(i.e., physicians, referred to in various ways, but
essentially equivalent: family doctors, family physi-
cians, or general practitioners) and those involved in
direct patient care (non-hospital settings) were
considered for the analysis.

A comprehensive geocoding method was used
which combined both automated and manual
processing (Bell et al. 2012; Shah, Bell, and Wilson
2014) to generate a set of geographic coordinates
for all practice locations (maximum percent geo-
coding matching rate for the practice locations for
152 dentists and 234 family physicians) with
reduced positional uncertainty. Addresses were
then integrated with population data at the census
dissemination area (DA) level to calculate neigh-
bourhood-level access to both dental care and
family physician services separately, using a GIS-
based three-step floating catchment area (3SFCA)
method with a 3km catchment (Luo 2004; Bell et al.
2012; Bissonnette et al. 2012; Bell et al. 2013). This
method includes total population of the smallest
census unit—DAs, as an indicator of health care
demand, in the calculation and iteratively uses
health care (dental and family physician) service
locations as points of contact. In the first step, the
3SFCA places a buffer around a point of health
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care practice, and calculates a provider-to-popula-
tion ratio within it. In the second step, it then places
a second buffer around a point of population
demand, and sums the ratios from all provider
points within that second buffer. In the third
step, an access ratio at the neighbourhood level is
calculated by averaging the access ratios from
the second step for all DAs falling within a
neighbourhood.

As the concept of neighbourhoods has become
increasingly important for the planning and analy-
sis of urban areas (Guest and Lee 1984), we used
municipally defined neighbourhoods in the third
step to calculate the access score to deal with the
geographic unit problem—i.e., modifiable areal unit
problem (MAUP)—but it is still imperfect (Ross et al.
2004; Shah et al. 2011; Kwan 2012). The term
“access score” refers to a PHC provider-to-1000
population ratio that was calculated for each areal
unit (i.e., neighbourhood). Very low or no access
scores indicate poor geographical accessibility to
the PHC providers. The 3SFCA method has been
applied to PHC services, foodavailability, and access
to physical therapy services (Shah and Bell 2013;
Engler-Stringer et al. 2014; Shah et al. 2015). As
comparators we examined the physical accessibility
of dental services to that of other PHC services
such as family physician practices, as well as socio-
economic variables we believe are related to dimin-
ished ability to pay for or access fee-for-service
dental care (Bissonnette et al. 2009; Shah, Aspen,
and Bell 2014).

To examine the association of access scores for
oral health care services with socio-economic
variables (for more details, see Wang and Luo
2005; Asanin and Wilson 2008; Pampalon et al.
2012; Atyub Ahmad and Qui~nonez 2014), a set of
eight variables aggregated at the neighbourhood
level from the 2011 Canadian Census and 2011
National Household Survey were shortlisted. These
variables, along with descriptive statistics that
included variable mean, standard deviation, and
Moran’s Index (MI), can be found in Table 1. In the
analysis, the explanatory variables were expressed
as percentages and those neighbourhoods without
population data were excluded from analysis
(n¼25).

For the regression analysis, we first identified all
possible models using a forward stepwise linear
regression technique in SPSS V22.0 (see Table 3). An
important consideration in this context is whether

the best fit non-spatial regression model is in fact
the best fit spatial model. Unfortunately, current
spatial model building software does not support
the integration of spatial diagnostic techniques
with iterative regression model building. Therefore,
our adaptation was to take several of the models
from SPSS and perform spatial diagnostics on them
in GeoDa. Furthermore, to detect the presence of
spatial effects (spatial autocorrelation in the regres-
sion residuals), we recalculated a small number of
linear models using GeoDa software (Anselin et al.
2006, 2010). The diagnostics for spatial dependence
(Anselin 1988), as shown in Table 2, suggest that a
spatial lag regression model should be applied to
reduce the spatial autocorrelation present in the
linear model. As such, we ran a spatial lag model
using the following parameters: a spatial weight
matrix (queen contiguity, row-standardized) and a
spatially lagged dependent variable.

Table 1
List of socio-demographic variables along with their descriptive
statistics

Variables (N¼60) Mean (SD)
Moran’s

I

Accessibility score for dental services 0.73 (0.53) 0.662��

Population with high needs for health
care

42.53 (9.08) �0.124

Recent immigrants (2001––2011) 6.81 (5.35) 0.207�

Population without postsecondary
education

44.97 (11.16) 0.360��

Prevalence of low-income (after tax) 15.78 (10.33) 0.355��

Aboriginal population (origins) 10.69 (8.97) 0.620��

Home ownership 67.05 (20.35) 0.334��

Lone-parent families 18.73 (8.99) 0.547��

Dwellings needing major repairs 6.02 (5.25) 0.376��

���p<0.001; ��p<0.01; �p<0.05

Table 2
Diagnostics for spatial dependence: Lagrange multiplier tests

Test (row-standardized
weights) MI/df Value Probability

Moran’s I (error) 0.163 2.357 0.018
Lagrange multiplier (lag) 1 21.814 <0.001
Robust LM (lag) 1 25.149 <0.001
Lagrange multiplier (error) 1 3.143 0.076
Robust LM (error) 1 6.478 0.011
Lagrange multiplier (SARMA) 2 28.291 <0.001
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Results

A map of Saskatoon’s population density by
neighbourhood (n¼60) is shown in Figure 1. The
spatial distribution of neighbourhood access scores
for both dental services (Figure 2a) and family
physician services (Figure 2b) are mapped. In both
maps, a higher access score, in terms of a provider
per 1000 people ratio, represents better access to
care and is categorized into five manually defined

classes (min value�0.25; 0.26––0.50; 0.56––1.0;
1.1––1.5; 1.6––max values). The spatial distribution
of access scores, particularly those falling under the
first two classes (�0.25 and 0.26––0.50), highlight
which neighbourhoods are poorly served. We
consider a value below 0.50 to represent poor
service; these numbers are approximately represen-
tative of dentists per 1000 residents, so these areas
have less than one dentist for every 2000 residents.
Moreover, the presence of areas with values higher

Figure 1
Study area and locator map: Saskatoon neighbourhoods by population density. A: downtown area; B: western neighbourhoods; and C: 8th Street.
SOURCES: Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap contributors, and the GIS user community.
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than 1.6 highlights the disparity across the city.
Using cross tabulation analysis (Figure 2), it can be
seen that there is a greater proportion of the
Saskatoon population that has lower access scores
for dental services when compared with similarly
calculated access scores for family physician ser-
vices (43.6% and 27.9%, respectively).

A comparison of the estimates from the linear
(non-spatial) and spatial (lag) regression models is
shown in Table 3. Table 2 summarizes the spatial
diagnostics, indicating that a spatial regression
model incorporating a lag variable would offer the
greatest improvement in overall model fit. The
spatial lag model successfully integrates the spatial
autocorrelation in model residuals (see Moran’s I
test in Table 3) and overall performed better than
the non-spatial linearmodel (AIC 44.3 to 9.5 and Log
likelihood �16.2 to 2.3). Figure 3 summarizes the
spatial pattern of these results.

Overall, three explanatory variables, and a spa-
tially lagged parameter (rho) were found to be
associated with dental services access scores. The

presence of a positive spatial lag (rho¼0.749) in the
regression model indicates that the access scores in
adjacent neighbourhoods are related, a confirma-
tion of patterns revealed in themaps. For example, a
neighbourhood with a low access score tends to be
surrounded by neighbourhoods with similarly low
access scores—indicating neighbourhood clusters
of poor accessibility to dental care resources.
Further interpretation of these patterns and associ-
ation with socio-demographic predictors is left to
the following section.

Discussion and conclusions

The purpose of this research was two-fold: first to
examine the distribution of dental services in
comparison with publicly funded PHC services
(i.e., family physicians). Second, to explore whether
there was any association between access to dental
services and census-based socio-economic varia-
bles. The study demonstrated that access scores to

Figure 2
Neighbourhood 3SFCA access scores (provider per 1000 people) for: (a) dental services and (b) family physician services across Saskatoon. Cross
tabulation table shows proportion of city population by access scores.
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dental services are more highly concentrated than
those for family physician services, as shown by
Figures 2a and 2b. This is not unexpected, given the
financial model that dominates the oral health care
market. Both services show strong spatial autocor-
relation (family physician services: Moran’s I 0.60;
oral health care services: Moran’s I 0.66), with
service concentrations in the urban centre and
extending along an important commercial corridor
(8th Street) on the east side of the city (Figure 1, areas
A and C, respectively). There are other, similar
commercial corridors on the city’s west side
(Figure 1, area B). A distinguishing demographic
characteristic of the city is the greater concentration
of socio-economic advantage anchoring the eastern
limit of the commercial corridor where oral health
care providers are concentrated. Health human
resource literature commonly refers to a dentist to
population ratio, which is used as a proxy for access
to oral health care. Assuming a “rational area for
delivery of dental services,” the U.S. Department of
Health and Human Services considers such an area
to have a dental personnel shortage if one of the
following conditions is met: the area “has a popula-
tion to full-time-equivalent dentist ratio of at least

5,000:1, or [t]he area has a population to full-time-
equivalent dentist ratio of less than 5,000:1 but
greater than 4,000:1 and has unusually high needs
for dental services or insufficient capacity of
existing dental providers” (U. S. Department of
Health and Human Services 2015).

The clustering of services in commercial sectors,
particularly in Saskatoon’s downtown eastside
commercial corridor, has implications for our
regression analysis. Health care services are not
located in residential areas and despite our access
score taking into account nearby populations, both
the most deprived residential areas and more
traditional suburban neighbourhoods have gener-
ally lower access scores. An important consider-
ation raised by these findings is the relative ability
of residents in deprived neighbourhoods and
residents in more traditional neighbourhoods with
regard to accessing services that are situated
elsewhere. The relatively more affluent households
in suburban areas are more likely to have access to
one or more vehicles, and less likely to be reliant on
public transit. Additionally, suburban neighbour-
hoods have a higher concentration of two-parent
households. These factors can make accessing
services outside the neighbourhood less burden-
some for suburban residents. Conversely, having
dental and health care services nearby (within
walking distance) may be much more critical for
people living in low socio-economic neighbour-
hoods. Thus, providing incentives for dental pro-
viders to locate their practices in more deprived
areas of the city is one policy innovation that might
lead to better overall oral health care.

In terms of the association of access scores for
dental services with socio-economic factors, this
study found that the percentage of lone-parent
households, the home ownership rate, and the
percentage of dwellings needing major repairs
were significant predictors. The distributions of
these socio-economic variables and the dental
service access scores in Figure 3 visually represent
the relationships between poorly served neighbour-
hoods and known indicators for population health
care characteristics (e.g., lone-parent households).
The final spatial lag model shows that the percent-
age of home ownership and percentage of lone-
parent households negatively predict access. This
means that as home ownership rises, access
declines and that as the percentage of households
with a lone parent rises, access also declines. The

Table 3
Results of regressionmodels of dental accessibility scores (regression
coefficient and standard error): comparative summary of ordinary
least squares (OLS) and spatial lag regression models.

Coefficient (Std. Error)

Model (best) OLS Regression Spatial Lag

(Constant) 2.596 (0.295)��� 0.942 (0.231)���

Home ownership �0.015 (0.002)��� �0.007 (0.002)���

Recent immigrants (2001-
2011)

�0.019 (0.009)� �0.006 (0.006)

Lone-parent families �0.023 (0.008) �� �0.015 (0.005)��

Population without
postsecondary education

�0.014(0.005)� �0.002 (0.003)

Dwellings needing major
repairs

0.052(0.010)��� 0.022 (0.007)��

Spatially lagged parameter
(Rho)

0.749 (0.067)���

R Squared 0.63 0.84
SE of the estimate 0.33 0.31
df 54 53
Akaike Information

Criterion (AIC)
44.3 9.5

Log likelihood �16.2 2.3
Moran’s I (residual) 0.163� �0.062

���p<0.001; ��p<0.01; �p<0.05
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maps shown in Figure 3 suggest that the former
relationship is driven by home ownership in the
suburban neighbourhoods in the city’s southern
and eastern areas. The relationship between the
lone-parent variable and access is being driven by
higher rates of lone-parent households in the
downtown and core neighbourhoods of western
Saskatoon (Figure 1, areas A and B, respectively).
These neighbourhoods are also characterized by
lower income, higher unemployment, and high
health care needs. While these three variables

were part of our initial variable set when building
our regression model, they were highly collinear
with the lone-parent variable so were excluded as
predictors for the access outcome variable (despite
being descriptive for such neighbourhoods). Finally,
the percentage of dwellings in need of major repair
was a positive predictor of dental access. This
relationship is likely determined by the co-location
of commercial areas of the city—the downtown; the
east side of the river but close to downtown; and the
principal non-downtown commercial zone along

Figure 3
Significant predictors by neighbourhood: distribution of (a) dental access scores, (b) percent of lone parents, (c) percent of home owners, and d)
percent of dwellings needing major repairs.
SOURCE: 2011 Canadian Census and National Household Survey data.
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8th Street (Figure 1, area C)—with neighbourhoods
with some of the oldest housing stock (CBD,
Riversdale, Nutana, Haultain, Holliston, Varsity
View, and Grosvenor Park). The need for major
repairs or renovation is directly related to the age of
a structure (older structures might require more
repairs or require repairs more often), but is also
impacted by a homeowner’s ability or willingness to
pay for major repairs. Lack of income or the
presence of rental properties will both be related
to major repairs being left unattended.

Looking more closely at the relationship among
socio-economic status, family status, and access,
there is a mismatch between where oral health
providers choose to locate their practice and known
disadvantaged neighbourhoods (Figure 3). Saska-
toon’s most disadvantaged neighbourhoods, as
measured by socio-economic variables, are in the
city’s west side (Figure 1, area A), with the eastern
border of disadvantage contiguous to the down-
town core (amixed commercial and civic neighbour-
hood), which contains many medical offices
(Muhajarine et al. 2006; Harrington et al. 2012). As
onemoveswest, disadvantage increases, as does the
paucity of dental services (or dental provider
location). The association of disadvantage and
negative health outcomes, even in the face of other
variables that might confound this direct relation-
ship, is well known (Vivier et al. 2011). This
distribution for dentists suggests that decisions
pertaining to practice location are being made from
a business/economic perspective, which may nega-
tively impact access to care in lower-income and
subsequently underserviced areas in one way or
another. It is important to appreciate that the
funding model for oral health care (employment-
based benefits, out-of-pocket payments) will likely
result in the orientation of dental services towards
locations where it is likely that local populations are
more able to pay for care.

This study demonstrated that, while similar to
the arrangement of access to PHC, the arrangement
of access to dental services varies subtly. The
greater clustering of dental services in the urban
core and along commercial corridors is consistent
with the funding model for oral health care and it
also highlights that while the location of PHC
services is more closely linked with areas of high
needs, the same cannot be said for the location of
and access to dental services. To the best of the
authors’ knowledge this is the first time that this

model has been used to demonstrate the power of
looking beyond the simple arrangement of dental
services, while acknowledging the complex rela-
tionships inherent in providing these services.
The results of this study can be used within
broader oral health care discussions relating to
the distribution of health human resources and the
structuring and delivery of dental public health
programming.
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