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Abstract
Objectives: The availability of dentists as a barrier to access to care has not been thoroughly explored, particularly in large cities. 
In this study, we aimed to identify disparities in the availability of dentists in Canada’s largest urban centre, Toronto, and explore 
whether distributional disparities are associated with underlying factors, such as affordability as measured by average household 
income.

Methods: Geocoded data on number of dentists and population estimates for metropolitan Toronto’s forward sortation 
areas (FSA) were used to calculate dentists per 100,000 population. Dentist density and average annual household income by  
FSA were then mapped using geographic information system techniques. Pearson testing was used to identify associations of 
various factors with dentist density. Significance testing was performed to compare average dentist to population ratios in high 
(> $100,000) and low ($40,000–$60,000) income FSAs.

Results: Communities with high household incomes and high dentist density were clustered in central Toronto. Income-based 
disparities in dentist distribution were also observed. Compared with low-income FSAs, dentist density increased by a factor  
of 2.47 in the highest income FSAs. Dentist density also increased with income and education but decreased with immigrant  
level.

Conclusions: Dentist availability may be linked to demographic factors, including affordability. The income-based disparity in 
availability in Toronto was as high as that observed elsewhere between rural and urban communities.

Disparities in the Availability of Dental Care 
in Metropolitan Toronto

Atyub Ahmad, MMI, H.BSc; Carlos Quiñonez, DMD, MSc, PhD, FRCD(C)

A patient’s ability and deci-
sion to access dental care are 
influenced by such factors as 

income, insurance and education.1-3 
These important predictors are part 
of 3 overarching barriers to access-
ing care: affordability, acceptabil-
ity and availability.4,5 Affordability 
and acceptability relate to finan-

cial (e.g., access to dental insurance) 
and cultural (e.g., a patient’s willing-
ness to receive dental care) factors. 
Availability depends on the number 
of local service points (such as clinics 
or dentists) that a patient can choose 
from.4 Thus, availability represents the 
relation between geographic distribu-
tion of services and access to care.
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Studies on the availability of dental care show a 
common contrast between urban and rural popu-
lations in terms of the distribution of dentists.6,7 
Using geographic information systems (GIS) to 
pinpoint the location and number of dentists, 
researchers have also shown that a large majority 
of dentists practise in metropolitan as opposed 
to rural areas.8-10 Additional analyses have often 
revealed associations between the distribution 

of dentists and various socioeconomic charac-
teristics, such as the income of people within a 
community.10-12

In the Canadian context, the role of avail-
ability as an access-to-care barrier has not been 
thoroughly explored, particularly in large metro-
politan centres. Thus, the focus of this study was to 
use GIS-based techniques to map dentist distribu-
tion in metropolitan Toronto and identify any dis-
parities in distribution across communities. The 
potential relation between geographic distribution 
of dentists and affordability was also explored. 
Regional availability, or distribution, of dentists 
was measured in terms of dentists per 100,000 
population. We hypothesized that, although both 
availability of dentists and affordability can indi-
vidually act as barriers to dental care, there is also 
an association between these 2 dimensions such 
that regions in which affordability is less of a bar-
rier are also likely to enjoy higher availability of 
dentists. Ultimately, we hope to add the rarely 
explored geographic dimension of access to cur-
rent policy debates and improve understanding of 
interactions between the geographic availability 
of dental care and financial and other barriers to 
care.

Methods

Sample Population

Community boundaries in metropolitan 
Toronto were defined based on forward sorta-
tion areas (FSAs). An FSA represents a geographic 
region in which all postal codes start with the 
same 3 characters. Of the 102 Toronto FSAs, com-
plete data for 96 were available and used. These 
represent a sizable population (26,075 people on 
average) that could readily be served by more than 
1 dentist. The 6 excluded FSAs have populations of 
fewer than 15 people, and census data for them are 
not provided by Statistics Canada.13 Demographic 
data by FSA were obtained from the last available 
complete census as of March 2012, i.e., the 2006 
census.14 A geospatial boundary data file defining 
FSA boundaries (such as latitudes and longitudes) 
was also used for mapping.15

Geocoded data on number of dentists in each 
Toronto FSA in 2012, determined through their 
practice addresses, were obtained from the Ontario 

Figure 1: Distribution of average annual household income ($’000) by forward 
sortation area in metropolitan Toronto. Areas with high average income are 
clustered (red dotted line) as are those with low average income (black dotted 
line). 

Figure 2: Distribution of dentists (no. per 100,000 population) across forward 
sortation areas in metropolitan Toronto. The locations of the high and low 
average annual household income clusters identified in Fig. 1 are shown for 
reference.
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Dental Association. Dentists with multiple prac-
tice locations were included in all FSAs in which 
they were practising. Therefore, our total dentist 
estimate (2,730, including both general practi-
tioners and specialists) was greater than the actual 
number of dentists practising in Toronto (2,560). 
Because FSA populations varied, the number of 
dentists per 100,000 population was computed for 
each FSA. These standardized ratios were then 
used for mapping and data analysis.

Data Mapping
Using a web-based GIS application (Fusion 

Tables, Google Inc., Mountain View, Cal.), both 
FSA boundaries and dentists per 100,000 popula-
tion were plotted on an intensity map. This was 
prepared by classifying FSAs into 5 groups based 
on dentists per 100,000 population: very low 
(0 to 40), low (> 40–80), middle (> 80–120), high 
(> 120–160) and very high (> 160). The middle 
range (> 80–120) was chosen based on the median 
dentist density of 83.3 dentists per 100,000 
population.

To determine income-related disparity in dis-
tribution of dentists across Toronto, a similar 
intensity map for average household income by 
FSA was generated. Here, each FSA was classi-
fied into 1 of 4 groups based on average annual 
household income: low ($40,000–$60,000), middle 
(> $60,000–$80,000), upper middle (> $80,000–
$100,000) and high (> $100,000–$400,000). These 
groups were chosen as average income for all FSAs 
was between $48,642 and $367,065. The average 
number of dentists per 100,000 population for 
each income group was also computed and the 
relation between income and dentist distribution 
graphed.

Statistical Analysis
To determine whether differences in the den-

tist-to-population ratio across income groups were 
significant, negative binomial regression was car-
ried out. This technique is used specifically for 
modeling count data such as ours (i.e., dentists per 
FSA), with number of dentists as the dependent 
variable and FSA population as the offset variable. 
Thus, the number of dentists was controlled for 
FSA population size, such that the model output 
could be interpreted as the ratio of dentists to 
population across FSAs. 

An income group value (ranging from 0 to 
3, with 0 the lowest and 3 the highest income 
range) was assigned to each FSA based on its 
average household income, and this served as the 
independent variable. Using the lowest-income 
group as a reference, the model tested whether dif-
ferences in the average dentist-to-population ratio 
between the reference group and the remaining 
3 income groups were significant. This model 
has been used before in studies on distributional 
inequities.10 It is preferred over a simple linear 
regression model as the count data modeled do 
not follow a normal distribution. Furthermore, it 
has been used in place of Poisson distribution to 
account for over-dispersion (unequal mean and 
variance) in the dependent variable.

For further analysis of population character-
istics, Pearson correlation estimates of the rela-
tion between dentists per 100,000 population and 
various demographic variables were computed. 
All data analysis was conducted using the statis-
tical software, Stata version 9.0 (StataCorp, College 
Station, Tex.).

Results

The map of average annual household income 
(Fig. 1) reveals 2 distinct clusters. Of the 21 com-
munities with incomes above $100,000, most (81%) 
are located in central Toronto. This high-income 
cluster is surrounded by middle- and upper-
middle-income areas that form the majority (57%) 
of the 96 Toronto FSAs. To the west of the high-
income cluster is a distinct low-income cluster 
(> $40,000–$60,000) which includes 50% of the 20 
low-income FSAs in Toronto.

Some geographic clustering of dentists 
is also observable (Fig. 2). In about 33% of the 
FSAs (32/96), the number of dentists per 100,000 
population is high or very high (≥ 120). Most of 
them (75% or 24/32 FSAs) are situated in central 
Toronto within the same area as the high-income 
cluster shown in Figure 1. In contrast, half of the 
communities in the low-income cluster have low 
or very low dentist density with the remaining 
belonging to the middle ratio category.

Figures 1 and 2 indicate a possible income-
dependent distribution of dentists. To fur-
ther explore this relationship, we plotted den-
tist density versus proportion of FSAs with that 
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density for each income group (Fig.  3). The pro-
portion of communities with high or very high 
dentist density increased from 15% in the lowest 
income group to 47.6% in the highest. This rep-
resents a 32.6% increase in the number of com-
munities with high dentist-to-population ratios 
as income increases. A second, less distinct, trend 
was an increase of 15.5% (from 9.5% to 25%) in the 
proportion of communities with very low dentist 
density as income decreases from the highest to 
lowest income group.

Graphing average number of dentists per 
100,000 population for each income group shows 
an increase from 77.9 for the lowest income group 
to 192.3 for the highest (Fig. 4)—a 2.47-fold 
increase. In other words, a dentist is 2.47 times 
more likely to be practising in a high-income area 
than a low-income one (p  <  0.05). Furthermore, 
as the difference in income between the lowest-
income reference region and comparison regions 
decreases, so does the likelihood of a dentist prac-
tising in the higher income region (Table 1). 

Using Pearson correlation analysis (Table  2), 
we explored potential associations between 
income, education and immigrant status of each 
community and its supply of dentists. Dentist 
supply was positively correlated with average 
annual household income (p  <  0.01) and the per-
centage of residents with a high school or univer-
sity education (p  <  0.01). A negative correlation 

between dentist supply and both percentage of 
households with income below  $20,000 and per-
centage of immigrants was observed (p  <  0.05). 
There was no significant association between 
population density and dentist supply.

Discussion

The results indicate an uneven distribution 
of dentists across metropolitan Toronto based on 
average annual household income, education and 
immigrant status. Moving from the lowest- to 
highest-income cluster, an observable increase in 
the number of regions with high dentist-to-popu-
lation ratios (i.e., FSAs with ≥  120 dentists per 
100,000 or less than approximately 833 individuals 
per dentist) is seen. This disparity is reinforced by 
our finding that there are 2.47 times as many den-
tists per 100,000 population in the highest income 
areas than the lowest. This confirms our hypoth-
esis that areas with higher affordability are associ-
ated with a higher availability of dentists.

It is important to view this income-based dis-
parity in the context of factors that may further 
exacerbate or offset the effect of low dentist avail-
ability on demand for dental care in low-income 
regions. On one hand, low-income regions suffer 
from higher disease levels than high-income 
regions, with untreated caries rates for adolescents 
at 28.9% vs. 7.3%, respectively.16 With this higher 

0

5

10

15

20

25

30

35

40

45

50

Low (n=20) Middle (n=42) Upper Middle (n= 13) High (n=21)

%
 o

f F
SA

s 

Average household income

0 to 40 >40 to 80 >80 to 120 >120Dentists per 100,000 individuals:

0

50

100

150

200

250

40-60 60 -80 80-100 100-400

Av
er

ag
e 

no
. d

en
tis

ts
 p

er
 1

00
,0

00
 p

op
ul

at
io

n

Average Household Income ($'000)

Figure 3: Percentage of FSAs with various dentist densities for each 
average annual household income group: low ($40,000–$60,000), 
middle (> $60,000–$80,000), upper middle (> $80,000–$100,000) 
and high (> $100,000–$400,000).

Figure 4: Relation between density of dentists and household 
income in our study population.
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disease burden and, hence, higher normative need 
in low-income regions, one would expect the dis-
parity in dentist availability to be greater than the 
2.47 IRR we found. On the other hand, the effective 
demand for dental care (which translates into need 
for dentist time) is lower in low-income regions, 
with only 60% of the low-income population vis-
iting a dentist in the past year in contrast to 83.8% 
of the high-income population.16 This lowers the 
effective demand by low-income groups, which to 
some extent mitigates the low availability of den-
tists in low-income regions. Nevertheless, making 
dental visits is also heavily influenced by income 
and an associated lack of dental insurance.16

This study has a number of strengths, but 
some limitations. It is the first study of a Canadian 
population that looks at geographic distribution 
of dentists, via GIS-based techniques, in relation 
to underlying community characteristics. Our 
finding of lower levels of dentist availability out-
side central regions could be an important bar-
rier to accessing dental care, especially in cities 
already suffering from a low supply of dentists. 

Furthermore, the income-based disparity in our 
study population (2.47 times as many dentists per 
100,000 population, on average, in the highest- vs. 
lowest-income group) is greater than that observed 
in the literature between urban and rural popula-
tions. Most studies at a state or region level in the 
United States show that urban populations have 
1–2 times as many dentists per 100,000 as rural 
populations.8,17-19 

The income effect on distribution could,  
therefore, be important in identifying areas for 
implementation of programs and policies to  
relieve access to care problems, i.e., focusing 
not only on rural but also on other low-income  
communities. A higher density of dentists has 
also been shown to mitigate the disparity in use 
of dental care between high- and low-income 
groups.20 Therefore, focusing on increasing  
dentist density in low-income areas could help 
induce higher demand and use of dental services 
in those areas.21

In addition to being able to pinpoint com-
munities suffering from inequities, the methods 

Table 1: Negative binomial model results, using incidence rate ratios, show expected differences in dentist 
supply in middle, upper middle and high average annual income groups compared with the low average 
annual income group.*

Income group IRR† Z scores
95% confidence 

interval

1 (> $60,000–$80,000) 1.23 1.02 (p = 0.31) 0.84–1.81

2 (> $80,000–$100,000) 1.71 (p < 0.05) 2.22 (p = 0.03) 1.04–2.81

3 (> $100,000) 2.47 (p < 0.05) 3.91 (p < 0.01) 1.60–3.82

* The dependent variable is the number of dentists per FSA; the offset variable is the population per FSA.
† IRR = incidence rate ratio (compared with $40,000–$60,000 average annual income group). 

Table 2: Correlation between community characteristics and dentist supply (dentists per 100,000 population).

Community characteristic
Pearson correlation 

coefficient

Average annual household income 0.36 (p < 0.01)

% households with average annual household income < $20,000 -0.25 (p = 0.02)

% immigrants -0.24 (p = 0.02)

% people with a university education 0.49 (p < 0.01)

% people with high school education 0.43 (p < 0.01)

Population density 0.91 (p = 0.38)
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presented here also allow policymakers to follow 
communities over time to see how distribution 
patterns change. This would permit the predic-
tion and projection of dentist supply to prepare 
for future shortages.10 Other initiatives, such as 
planning of setup locations for voluntary dental 
clinics or identification of underserved regions 
for recruitment of dental students, may also help 
alleviate access to care problems in low-income 
and rural communities.22

Some limitations in this study arise from 
assumptions made in estimating dentist avail-
ability. First, our assumption that dentists who 
practise in multiple FSAs are available full-time at 
all of their practice locations leads to an overesti-
mate of dentist availability in some FSAs. Ideally, 
this error could have been mitigated by calculating 
the total number of full-time equivalent dentists 
by combining time spent in each practice loca-
tion.19 However, data at this level of detail were 
unavailable to us. Second, we also assumed that 
people visit a dentist within their FSA. As a result, 
total population for a given FSA does not account 
for those who visit dentists in FSAs other than 
the one in which they reside. Hence, the actual 
density of dentists across areas may vary from our 
estimates. Finally, because metropolitan Toronto 
comprises entirely urban communities, this study 
did not focus on an urban–rural gap but only on 
potential disparity across income groups.

We found significant correlations between 
various demographic characteristics and the 
supply of dentists in metropolitan Toronto, and 
it would be interesting to explore the independent 
impact of each of these factors on the supply  
of dentists. We also plan to use similar GIS tech-
niques to explore the relation between dentist 
availability and demographic characteristics of 
rural Ontario as well as other major urban and 
rural centres in Canada. We envision that find-
ings from such studies will help inform policies  
that address low access to care issues across 
Canada. a
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