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Background
Geographic access plays an important role in health care utilization 

as neither health services nor population are distributed in space 
evenly. According to Nugent, ‘‘in health care, geography is destiny’’ and 
locally available healthcare is critical in improving population health. 
In a more general sense, accessibility to healthcare practitioners and 
facilities could typically affected by both spatial and non-spatial factors. 
A universal health system implies the equal provision of healthcare 
to all subsets of the population regardless of status and location. For 
Canada universal coverage extends to accessibility, which is one of the 
five criteria and conditions in the Canada Health Act that provincial 
and territorial health insurance plans must meet. The Canada Health 
Act, however, does not provide a clear definition of what constitutes 
“reasonable access” and this results in various responses by the 
provinces in improving economic access based on financial charges 
and physician access based on service location [1]. In Canada, the 
maldistribution of physicians and hospitals results in underserved 
areas and hospital catchments of extreme sizes [2-4]. The geographic 
literature on health suggests that accessibility can be determined in 
both a spatial and aspatial context [5-8]. Spatial access refers to the 
relative ease with which individuals from one location can reach other 
specified zones or point locations and is often measured based on travel 
time or distance [5,9,10]. On the other hand non-spatial (or apatial) 
access is affected by geographic constraints that limit one’s ability to 
access care and are typically measured by socio-economic factors [11]. 
This paper examines the accessibility of a disadvantaged group–the 
original population in Sudbury Canada–in order to better understand 
the ability of the population to access primary care physicians or family 
physicians within an isolated small city. 

Within Canada’s healthcare system the importance of primary care 
physicians or family physicians cannot be overstated as they are integral 
in the health of Canadian citizens [12]. A family physician acts as a 
filter within the Canadian healthcare system and patients need to be 
referred by their family physicians to different types of specialists. The 
literature on access to health care services has often focused on large 

geographical areas such as nations, provinces and large metropolitan 
areas, for example, health care access in rural Canada and the Canadian 
province of Nova Scotia [13-15], health care disparities in rural U.S. 
and urban and rural differences in access to care in the U.S. [16]. Also, 
the work on measuring accessibility to physicians is largely situated in 
large cities such as Chicago, Toronto, and Washington D C [8,17,18]. 
Very little in-depth investigation has been conducted on single, small 
and isolated non-metropolitan areas. However, the issue on health care 
access needs not be associated with a large study area to be critical and 
a social phenomenon needs not be associated with a large population 
to be important. By situating the study in a relatively remote and 
small Canadian city that has a sizable aboriginal population, the paper 
sheds light on whether the physician distribution in the area provides 
equitable access to disadvantaged social groups and whether the 
fundamental principle on accessibility in the Canada Health Act are 
being followed in small Canadian cities that have fewer primary care 
physicians proportionally than major metropolitan areas [13].

A number of methods have been developed to quantify spatial 
accessibility. One of the simplest is through a cumulative measure that 
counts the opportunities within a given buffer area [19].The widely-
used gravity-type accessibility models conceptualize accessibility as 
a trade-off between destination attractiveness and spatial separation 
that is usually measured by travel time or travel distance [5,11,20-24] 
The traditional gravity-type accessibility measures focus on the supply 
side and largely overlook competition among users (e.g., patients) in 
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determining trip distribution. The refined gravity-type accessibility 
measures, of which a special type is the so-called two-step floating 
catchment area (2SFCA) measure, include demand competition to 
the existing models [8,18,25]. The 2SFCA model has been used in a 
number of studies measuring health care accessibility [18,26-29]. 
It compares supply and demand in an intuitive sense by assuming a 
uniform catchment size and undifferentiated accessibility within a 
catchment [30]. Compared to the refined gravity-type accessibility 
measure, the 2SFCA model is simple to be understood by policy 
makers and is relatively easy to be implemented in geographic 
information system (GIS); it does not contain a distance impedance 
function which requires the calibration of parameters and makes the 
computation more complicated. Recent studies have developed various 
improvements to the 2SFCA method to account for variations in travel 
behaviour that cannot be fully modelled by a uniform travel threshold 
using a simplistic two step approach [31]. For example, Luo and Qi 
[32] use weights created from a distance friction coefficient applied to 
predetermined thresholds. In other studies, different transportation 
modes, transit timetables and bus stop locations, and various travel time 
thresholds associated with different travel time zones are considered in 
the enhanced 2SFCA models [33,34].

As discussed previously, not only geographic accessibility, non-
spatial factors can affect health and health status in different ways. 
Previous studies on population health inequalities suggest a close 
relationship among socioeconomic status, health outcomes and health 
care utilization, with lower socioeconomic status more likely to be 
associated with poor health and underutilization of health services 
[35]. In Canada, the disparity in health is particularly evident between 
population enjoying a higher socioeconomic status and disadvantaged 
population including the aboriginal and ethnic minorities [36]. Using 
primarily a social-determinants-of-health framework, research reveals 
persistent health inequalities between the aboriginal population in 
Canada and non-aboriginal population in self-reported health status, 
functional and chronic conditions and children’s health [36-38]. 
Aboriginal people especially those in remote geographic regions have 
limited access to healthcare services and healthy foods due to local 
availability of healthcare facilities, climate condition and the structured 
built environment [39,40]. Under the population health framework, not 
only commonly used socio-economic factors that impact health and 
healthcare use, language and cultural differences between a physician 
and a patient can also cause significant healthcare barriers that may lead 
to misunderstanding of symptoms and instructors[41,42]. Aspatial and 
spatial factors have often been studied separately in healthcare access. 
Among the limited literature that attempts to examine both types 
of factors simultaneously, Luo and Wang [8] created an integrated 
approach that combines both aspatial and spatial access in order to 
calculate spatial accessibility and identify health professional shortage 
areas. Within the study a list of variables for aspatial factors that affect 
health care access are created and factor analysis is used to group these 
variables. 

The paper examines the accessibility to family physicians for a 
specific social group–the aboriginal population of the Sudbury Census 
Metropolitan Area (CMA) (see Figure 1). Located about 400 kilometers 
northwest of Toronto, Ontario, Sudbury is Canada’s 24th largest CMAs 
with a population of 158,258. A portion of the city has been set aside 
for current and future operations within the mining industry and is 
labeled as industrial. A minority population can be seen with close to 
10,000 people (6.3%) identifying themselves as aboriginal. The two 
aboriginal reservations identify as part of the Anishinaabe peoples. 
The language spoken by this group is Anishinaabemowin. None of the 

family physicians in Sudbury reported speaking Anishinaabemowin or 
any other aboriginal languages. According to the 2006 Census, despite 
a similar education level between the aboriginal and non-aboriginal 
population in Sudbury, the aboriginal population had higher rates of 
unemployment, 10% lower income than non-aboriginals, and one in 
four of them lived below the poverty line (Statistics Canada, 2010) [43]. 
In Ontario the primary care given to aboriginal population has been 
shown to be inadequate making the population disadvantaged within 
the health care system [44]. In this context, the paper aims to:

1. model spatial accessibility that reveals the ability for the general 
population in Sudbury to access primary care family physicians at the 
dissemination area (DA) level;

2. analyze the settlement (residential) pattern of aboriginal 
population in Sudbury and reveal areas of concentrations of aboriginals; 

3. identify areas with poor spatial accessibility to family physician 
for the aboriginal population and combine spatial access scores and 
population data to highlight problem areas that have low spatial scores 
and high concentration of aboriginal populations. 

The study makes the following contributions:

1. It provides a model to study the accessibility to health care 
services of one social group instead of the entire population. 

2. It is set in a CMA and highlights issues that arise when working 
with a relatively isolated non-metropolitan area, while previous studies 
on healthcare access tend to focus on large cities or states/provinces. 

3. It uses the enhanced two-step floating catchment area model by 
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Figure 1: The study area–Sudbury Census Metropolitan Area, Ontario, 
Canada.
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Luo and Qi [32] that accounts for distance decay (i.e., various travel 
zones) and represents a more realistic approach to modelling actual 
travel behavior than the original 2SFCA model. 

Data
The physician data used within the study came from the 2008 

Canadian Medical Directory. Each family physician is given as point 
data and their office address is geocoded to using a six digit postal code. 
This means the point data is not the exact address, and more than one 
family physician can fall inside the same postal code. Postal codes can 
be especially problematic in more rural areas where the area covered 
by a postal code can be quite large, and the approximate location given 
by the centroid can fall farther away from a physician’s office. In the 
data, languages spoken by a physician was self-reported. There are 131 
family physicians within the Sudbury CMA and none self-reported 
speaking any aboriginal languages. 

Road network data was extracted from the 2008 DMTI dataset. 
The data allows for computing travel times within a catchment area as 
opposed to distance. The road network gives the speed for each road, 
which allows for the travel time to be computed. One limit is that the 
dataset only gives the max speed, which is not always the case at certain 
times of day. Thus, any travel times created using the dataset gives the 
optimal time assuming that the driver follows the speed limits and does 
not incur any traffic congestion. The travel times are computed through 
the ArcMap Network Analyst tool. 	

The population data was provided by the 2006 Canadian Census. 
The variable used was the population identifying as Aboriginal at a DA 
level. DAs are the smallest geographic boundary available in Canadian 
census. In the literature census tracts are often used, but with only 43 
census tracts within the Sudbury CMA spatial variability would be 
harder to determine. There are 267 DAs within the Sudbury CMA; 
six were given a null value. Two of the DAs have no population due 
to industrial usage, and the other four have suppressed aboriginal 
population values, a common approach in Census to ensure 
confidentiality [45-47].

Modeling Spatial Accessibility Using Enhanced-2sfca 
(E2sfca) Model

The E2SFCA measure was chosen over other gravity-type 
accessibility measures. Despite the similarities with the original 2SFCA 
measure, the E2SFCA measure is able to take into consideration distance 
decay within a catchment size, and also retains the advantages of the 
2SFCA measure. Within the conventional 2SFCA model, opportunities 
located within the threshold are treated equally accessible and are given 
a score of one. The E2SFCA measure instead creates travel thresholds 
that are given different weights. In both models opportunities outside 
of the max travel threshold are considered inaccessible and are given a 
score of zero. The E2SFCA uses an impedance function to create weights 
for opportunities within the catchment area. While distance decay has 
been accounted for within the E2SFCA measure there are still other 
limitations. The travel time zones created for the E2SFCA measure are 
each weighted differently and this can lead to a substantial difference 
for a centroid that falls on the edge of the time zones. For example if a 
centroid falls at 9 minutes away from the physician location it could be 
weighted as 1, and if a centroid falls at 11 minutes it could be weighted 
as 0.68. Also, travel zones used within the E2SFCA measure can alter 
the results depending on how fine the travel zones are. For example 
travel zones for every 10 minutes could provide different results than 
travel zones for every 5 minutes [48]. 

Due to the lack of empirical data on the travel pattern of aboriginal 
population in accessing family physicians, we use the same travel time 
divisions from the study by Luo and Qi [32] where the E2SFCA model 
was developed and tested. Thresholds or travel zones from 0 to 10 
minutes, 10 to 20 minutes and 20 to 30 minutes are given different 
weighting schemes in order to create a modified accessibility score. 
Ten minute intervals work well for the Sudbury study area. Since much 
of the study area is rural, people are willing to travel longer to visit a 
physician. It is possible for a highly urbanized area that five minute 
thresholds could be more appropriate, and the travel thresholds can be 
changed to be more appropriate for a given study area. 

The data was prepared in a specific manner in order to properly run 
the E2SFCA measure. For the population data centroids were created. 
A threshold of 30 minutes is then created around the population 
centroid. Three different thresholds (0 to 10 minutes, 10 to 20 minutes 
and 20 to 30 minutes) were then created around each physician point.

The first step of implementing the E2SFCA model within ArcMap 
is the creation of the physician to population ratio for each physician 
(eq.1).Three separate zones are created; 0 to 10 (D1), 10 to 20 (D2), and 
20 to 30 minutes (D3). For each physician location (j), all population 
locations (k) that fall within the specific threshold zone (Dr) are 
counted. A weight is also assigned to each population (Wr). This creates 
a weighted physician to population ratio (Rj). The population locations 
(k) are the populations that fall within a particular threshold ( kj rd D∈ ) 
for a physician’s location (j). Sj is the number physicians at a particular 
location (j). 
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Pk represents the populations that fall within a particular threshold 
( kj rd D∈ ) for a physician location (j). Sj is the number physicians at 
location (j). Rj is the physician-to-population ratio at physician location 
j. By giving the populations that fall within each travel time threshold 
a weight (W1, W2, W3) distance decay function can be factored into the 
accessibility to a physician’s location (j). The weights used within the 
paper were created using the Gaussian function (eq. 2) that has been 
used in a number of studies on healthcare access [8,18]. The weights 
chosen for the E2SFCA measure are 1 for 0-10 minutes, 0.68 for 10-20 
minutes, and 0.22 for 20-30 minutes, adopted from Luo and Qi [31]. 
Each weight is for the first time within each threshold. This is why the 
first threshold has a value of one, since it corresponds to a time of zero 
minute from the physician location. It is important to note that for 
different study areas another set of weights could be considered more 
appropriate. 

2 /( ) d ijf dij e β−= 				                     (2)

Thirty minutes is used as the cut-off point for β, and in order to 
account for a more gradual distance decay a critical value of 0.03 is 
used. The weights are calculated for the first time within a drive time 
threshold. For the 0-10 minute threshold zero minutes is used as the 
weight for the entire threshold, which is why a weight of one is used. 
This was repeated for the other two drive time thresholds. The Gaussian 
function has a steep decline close to the trip origin [18], but within the 
E2SFCA measure the first weight is not taken until 10 minutes from 
the trip origin.
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The second step in implementing the E2SFCA measure is adding 
the three weighted physician to population ratios that were created for 
each of the three travel time zones (eq. 3). 

Step two:  
{ }ij r
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All of the physician locations (j) within the 30 minute travel time 
threshold are calculated within each population location (i). The 
population locations (i) have the three thresholds created; 0 to 10 (D1), 
10 to 20 (D2), and 20 to 30 minutes (D3). The physician to population 
ratio’s (Rj) calculated within the first step are summed up for each 
separate travel time zone and added together for the physician locations 
(j) that fall within the population location threshold ( ij rd D∈ ). The same 
weights (Wr) used in step one are again applied in step two in order to 
account for distance decay. 

F

iA  is the accessibility score calculated for 
each population location (i).	

The calculated accessibility scores for the Sudbury CMA using the 
E2SFCA method are shown in Figure 2. Figure 3 shows the standardized 
z-scores of the accessibility scores shown in Figure 2 using a 30 minute 
drive time max threshold and 10 minute intervals. The scores ranged 
from 0 to 0.0011 family physicians per person, and by using z-scores 
one can see how the highest and lowest scores are distributed within 
the CMA. Values of the edge tracts (DAs at the edge of the study area) 
must be interpreted with caution, since physicians and populations 
outside the study area are not considered in the modelling exercise. 
The spatial scores from the E2SFCA measure have higher accessibility 
scores in the city of Sudbury, which is the urbanized core of the CMA. 
The lower scores fall out towards the more rural parts of the CMA. 
Rural communities closer to the city of Sudbury maintain higher scores 
than communities farther from the urbanized core. 

Measuring Aspatial Distribution 
As discussed earlier, aboriginal population in Canada are associated 

with a lower level of income, and higher rates of both unemployment 
and poverty compared to the general population. They also show 
lower health status and are found to experience significant barriers 
in accessing needed health care [36,39,44]. The population is thus 

considered to be aspatially disadvantaged in this study. By mapping the 
distribution of the aboriginal population at a DA level, concentrations 
of aboriginal peoples in the Sudbury CMA can be identified in relation 
to accessibility scores to family physicians. 

Percentage of aboriginal population in DA was used in mapping 
and standardized z-scores were created to allow the highest and lowest 
concentrations of the aboriginal population to be more easily viewed. 
Z-scores were used to create travel thresholds for factor scores [8]. In 
the study where data on the socioeconomic status of the aboriginal 
population in the study area is unavailable, z-scores were used to create 
a threshold for high concentrations of the aboriginal population. There 
are two first nation reservations located within the Sudbury CMA: The 
Whitefish Lake Reservation, and the Wanapitei Reservation. Both have 
close to 90% of the population identifying themselves as aboriginal 
peoples and the combined aboriginal population is approximately 400 
people. When the z-scores were created the two reservation values were 
not included since they skewed the z-score distribution. However, the 
first nation reservations remained within the study and were added in 
after the standardized z-scores were created.
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Figure 2: Calculated spatial accessibility to family physicians using E2SFCA 
measure.
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Figure 4 reveals the spatial distribution of the aboriginal population 
within the Sudbury CMA using z-scores. There are in total 37 DAs that 
fall above 1 standard deviation, and the total goes up to 39 with the 
two First Nation reservations being included. One positive standard 
deviation is for a DA with an aboriginal population over 11.5% and 
these 39 DAs hold close to 40% of the aboriginal population within the 
Sudbury CMA .The highest concentration of the aboriginal populations 
lies both in the city of Sudbury as well as the rural areas outside. There 
are 24 DAs with high concentrations of aboriginal peoples within the 
city of Sudbury and 15 located outside the urban core. One issue is that 
four of the rural DAs over 1 standard deviation would be considered 
edge tracts, which includes both First Nation reservations. The results 
for these edge tracts must be interpreted with caution. Including the 
surrounding rural populations in the study would prove difficult, 
since the population is sparse surrounding the Sudbury CMA and 
DAs do not exist in rural areas. A different level of geography (census 
subdivisions) could complicate the results. 

Combining Spatial and Aspatial Scores
Examining the distribution of spatial accessibility scores in 

relation to the settlement pattern of aboriginal people in the study area 
allows for problem DAs to be determined where there are both low 
spatial scores and a high concentration of the aboriginal population. 
As previously stated high aboriginal scores were set at one positive 
standard deviation, that is, 11.5% of the population being aboriginal. 

The low spatial scores must also be determined. Within Luo and 
Wang’s [8] study, a cut-off point using the HPSA criteria (one family 
physician per 3,500 people) was used to determine Health Professional 
Shortage Areas HPSA in Chicago Metropolitan Area. However, 
there are no designations to follow to determine a critical physician-
to-population ratio for Sudbury, Canada. As a result, standardized 
z-scores were created based on calculated accessibility scores. The cut-
off point for one negative standard deviation is an accessibility score 
of 5.1 physicians per 10,000 people (approximately 1 physician per 
2,000 people). It is important to note that high and low scores created 
based on the cut-off point are only relevant to the specific study area. 
What is considered to be low accessibility in Sudbury could change for 
other regions. If specific criteria were made for healthcare designations 
within Canada they could be easily implemented in the model used in 
the paper.

The total aboriginal population that fell in low spatial accessibility 
areas was calculated. All DAs that had spatial accessibility scores less 
than one family physician per 2,000 people had their total aboriginal 
identity population combined. The percent of the aboriginal 
population living in DAs associated with low spatial accessibility is 27% 
(approximately 2,500 aboriginal individuals). 

Figure 5 reveals the results of combining the spatial and aboriginal 
map. The results show the areas of major concern (low spatial score 
and high aboriginal concentration) fall in the rural areas and the two 
first nation reservations. The majority of the DAs with a relatively 
high aboriginal population have high spatial scores. In total 9 DAs are 
given this designation. The percent of the aboriginal population with 
low spatial scores that are captured by the high concentrated areas is 
41% (approximately 1,000 aboriginal individuals captured in the 9 
DAs). The results show that the two first nation reservations, which 
have the highest percentage of aboriginals, have poor spatial access to 
family physicians. Figure 5 also shows the areas with either low spatial 
access or a high percentage of aboriginal population. The urban areas 
with high aboriginal population are also mapped. While these areas 
are shown to have adequate spatial access as compared to the Sudbury 

CMA the aspatial disadvantages associated with socioeconomic status, 
as discussed earlier, can lead to low use of health services. 

The approach of combining the spatial and aspatial scores is able 
to highlight low spatial accessibility areas and high concentrations 
of a predetermined population with aspatial disadvantages. Also, the 
methodology allows for case by case analysis, or if specific thresholds 
for the population and the spatial accessibility are created they can be 
integrated into the approach. Overall it is useful for instances when 
studying the accessibility of a specific group rather than an entire 
population.

Summary and Discussions
In summary, the paper provides a methodology to examine the 

spatial accessibility for an aspatially disadvantaged population. The 
Sudbury CMA’s aboriginal population is used as a case study. Datasets 
analyzed include the 2006 Canadian Census data as well as family 
physician location data from the 2008 Canadian Medical Directory. 
The enhanced two step floating catchment area (E2SFCA) model is 
employed and implemented in GIS in order to calculate the spatial 
accessibility scores for the study area. Standardized z-scores are created 
to better understand the distribution of the aboriginal population in 
the study, and to identify areas with the high/low concentration. A 
threshold to determine low spatial accessibility and high concentrations 
is created using standardized z-scores. First, the percent of the 
disadvantage population that falls in areas with low spatial accessibility 
scores is calculated. This way the spatial accessibility for all of the 
disadvantaged population can be seen instead of only where the highest 
percent live. Second, the percent of disadvantage population that falls 
in areas with low spatial accessibility captured by the DAs deemed to 
have high concentrations is created. Third, the scores are combined 
in order to determine the areas with both high concentrations of the 
population and low aspatial accessibility scores. 

For the Sudbury case study the paper revealed some interesting 
results. Spatial accessibility to family physicians is the highest within 
the city of Sudbury and then decreases in the more rural areas. There 
is a high percentage of aboriginal population that have low spatial 
accessibility to family physicians (one in four falling in DAs with 
less than one family physician per 2,000 people), and they are fairly 
dispersed throughout the rural parts of the CMA. Of the aboriginal 
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Figure 5: Combination of Spatial and Aspatial Scores.
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population with low spatial scores approximately 40% can be captured 
within 9 DAs. These could be areas of interest for policy makers. 
However, the 9 DAs are spread apart in the outskirts of the Sudbury 
CMA. The dispersion makes it difficult to reach the rural aboriginal 
population with poor spatial access to family physicians. A practical 
implication would be to encourage physicians to open a secondary 
practice location in the rural area and develop alternative strategies, 
such as using mobile clinics, to provide health services to rural 
aboriginals living in the 9 DAs. Recognizing the challenges of opening 
a health clinic in rural Sudbury, we suggest that tele-health may be a 
temporary and practical solution to the low accessibility experienced 
by this group. Currently, the Telehealth Ontario program, provided 
by the Ministry of Health and Long-Term Care in Ontario, provides 
free consultation with a Registered Nurse over the phone on symptoms 
described. The Registered Nurse assesses the patient and can either 
advise self-care or recommend a visit to a health practitioner. Special 
effort could be made to minimize the wait time for callers from rural 
Sudbury (or other rural areas) in order to address their health concerns 
in a timely fashion.

This paper has several limitations. One limitation is associated with 
the use of DA as the unit of spatial analysis. Mid-sized Canadian cities 
have a much smaller population than major urban centres. This can 
have an effect on the level of geography used as the number of census 
tracts (commonly used in accessibility studies) is small. As a result 
DAs are used but data suppression due to confidentiality reasons can 
lead to values of zero. Edge tracts were a problem since people living 
outside the CMA can enter the study area to access family physicians 
and people living within the CMA can use physicians that are located 
outside the CMA. Also, the area surrounding the CMA had a dispersed 
population. The smallest level of geography outside the CMA is census 
sub-divisions, which make it hard to incorporate into the study. Taking 
out the edge tracts can remove a large portion of the rural population 
and is thus not recommended.

There are also limitations to using z-scores to create cut-off points 
to determine high/low spatial and asptial scores. The cut-off points are 
case sensitive and would vary from one study to the next. If a score to 
designate low spatial scores or high aboriginal population was available 
then the need to create cut-off points using z-scores would not be 
needed. Future research can use different spatial statistics to identify 
clusters of aboriginal population (e.g., Moran’s I index, Getis-Ord Gi* 
statistics) or develop a more general set of z-score based cut-off points 
by taking into consideration the aboriginal settlement pattern of a 
larger and relevant region. However, the benefit of using cut-off points 
is that the results are easy for policy makers to understand. Also, the 
E2SFCA measure within the study used three 10 minute intervals, and 
weights from the Guassien function. Both the weights and the intervals 
in the E2SFCA measure can change for different study areas depending 
on the level of urbanization and size of the study area. Primary survey 
data would have been more capable to determine the actual travel 
thresholds and boundaries of travel zones associated with population 
located in different areas. 

The paper adds to a growing number of studies focused on the issue 
of accessibility to healthcare. An integrated approach that considers a 
number of aspatial factors and spatial accessibility has been developed 
by Wang and Luo [8]. This study adds a methodology to measure single 
aspatial social groups as opposed to accessibility of the entire population 
by using the enhanced two-step floating catchment area method that 
has been developed fairly recently [31]. This can be applied to a number 
of different aspatial groups to better understand their accessibility to 
healthcare. For example the spatial access of different age groups, such 

as the elderly or young children could be considered. Also, families with 
socio-economic disadvantages, and minority populations (such as the 
aboriginal population studied within the paper) could be considered. 

By combining the spatial accessibility scores and the aspatial 
scores based on population distribution the results can facilitate policy 
makers to identify areas with under serviced areas (with respect to 
access to family physicians) and high concentration of disadvantaged 
population. These would be areas of concern and could be targeted 
by policy makers to increase accessibility, or to provide alternative 
measures for physician access. While many studies focus on health care 
access in large metropolitan area [7,8] or relatively large geographical 
areas such as a province [14] the inequality of health care provision 
in small non-major metropolitan area is a relatively under researched 
area. By focusing on the Sudbury CMA, a small metropolitan area in 
Northern Ontario, the paper adds to the literature on health and access. 
For cities that are isolated the access among rural and urban population 
to primary care physicians is especially critical since there are few if any 
opportunities outside of the urban center.

For the Sudbury case study the at-risk areas were fairly dispersed, 
which would make it challenging to target those areas that have a 
high concentration of aboriginal peoples and low spatial access to 
family physicians. Strategies such as encouraging physicians to open 
a secondary practice location could be considered by health planning 
officials to improve access among rural aboriginal population. Also, 
better accessibility is needed for the two first nation reservations, 
which complicated by the interactions between the city of Sudbury and 
the aboriginal reservations. For planning purposes different strategies 
could be implemented to provide better access to the urban and rural 
aboriginal population. 
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