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ABSTRACT
Objective: To examine the impact of access to
primary care physicians (PCPs), geographic availability
of orthopaedic surgeons, socioeconomic status (SES),
proportion of older population (≥65 years) and
proportion of rural population on orthopaedic surgeon
office visits and orthopaedic surgery.
Design: Population multilevel study.
Setting: Ontario, Canada.
Participants: Ontario residents 18 years or older who
had visits to orthopaedic surgeons or an orthopaedic
surgery for musculoskeletal disorders in 2007/2008.
Primary and secondary outcomes: Office visits to
orthopaedic surgeons and orthopaedic surgery.
Results: Access to PCPs and the index of geographic
availability of orthopaedic surgeons, but not SES, were
significantly associated with orthopaedic surgeon office
visits. There was a significant interaction between
access to PCPs and orthopaedic surgeon geographic
availability for the rate of office visits, with access to
PCPs being more important in areas of low geographic
availability of orthopaedic surgeons. After controlling
for office visits with orthopaedic surgeons, the index of
geographic availability of orthopaedic surgeons was no
longer significantly associated with orthopaedic
surgery.
Conclusions: The findings suggest that, particularly,
in areas with low access to PCPs or with fewer
available orthopaedic surgeons, residents are less likely
to have orthopaedic surgeon office visits and in turn
are less likely to receive surgery. Efforts to address
adequate access to orthopaedic surgery should also
include improving and facilitating access to PCPs for
referral, particularly in geographic areas with low
orthopaedic surgeon availability.

INTRODUCTION
Access to orthopaedic surgery is an ongoing
concern with long waiting times, particularly
for total joint replacement surgery (TJR),
being a recurrent theme in the media and pol-
itics of healthcare delivery. This concern is
further fuelled by the prospect of increased

demand because of the aging of the baby
boomer generation.1–5 Furthermore, potential
shortages in healthcare resources, not least
orthopaedic surgeons and hospital-based
resources for surgery, are also a concern.1 5–10

Studies of access to orthopaedic surgery have
mainly focused on TJR and individual-level
factors such as socioeconomic status (SES),
ethnicity and patients’ and surgeons’ prefer-
ences.10–19 Although the literature provides
some insights regarding factors associated with
access to TJR, considerably less information
exists about access to orthopaedic surgery in
general, including office visits to orthopaedic
surgeons for a surgical opinion.20 While it is
well recognised that there are geographic var-
iations in rates of surgery,21–23 few studies have
looked at the contribution of organisational
factors such as the geographic distribution of
surgeons or distance to services.10 24 25 A sur-
prising omission in these studies is the limited
attention that has been paid to access to

Strengths and limitations of this study

▪ The comprehensive coverage of the Ontario
public funded healthcare system enables us to
examine data on office visits to orthopaedic sur-
geons and surgery for musculoskeletal disorders
in Ontario, Canada. We were able to examine the
source of variability in orthopaedic surgeon
office visits and orthopaedic surgical rates by
looking at access to primary care physicians and
availability of orthopaedic surgeons.

▪ The databases used do not have information
about individual’s socioeconomic status, thus we
had to use an area-level indicator.

▪ We relied on utilisation rates as a proxy measure
of access to primary care physicians since the
amount of service provided by primary care phy-
sicians by health regions was not available.

▪ The data used do not enable us to examine the
circumstances of the orthopaedic practice, such
as surgeon preferences.
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primary care physicians (PCPs), a crucial first step where
access to surgery is via referral to a specialist.
Our previous studies suggest that surgery is only one

component of the work of orthopaedic surgeons in the
management of musculoskeletal disorders (MSD). We
also found that a substantial proportion of referrals were
for the medical management and treatment of these
conditions.26 27Another study of ours suggested that geo-
graphic variation of surgeon supply partially explained
observed geographic variation in the rate of office visits
to orthopaedic surgeons.10 However, in this study we
examined geographic variation in utilisation of ortho-
paedic surgeons across large health areas. We also used
a provider-to-population ratio to estimate orthopaedic
surgeons’ availability for each area. These ratios are com-
monly used for comparisons across health regions;
however they do not take into account the possibility of
patients crossing health region borders for care.28

Therefore, the purpose of this study is to examine the
impact of access to PCPs, geographic availability of
orthopaedic surgeons, and indicators of potential need
for care on utilisation of orthopaedic surgeon office ser-
vices and surgery. We used an index of geographic avail-
ability of orthopaedic surgeons that incorporates travel
distances and will examine geographic variation in util-
isation rates across 105 smaller health planning areas.
Our analytic strategy is presented in figure 1A. In

summary, we expect that, in a referral system, access to
PCPs as well as the geographic availability of orthopaedic
surgeons will be associated with the rates of office visits
to orthopaedic surgeons. Furthermore, studies suggest
that proximity to specialists influence PCPs referral deci-
sions.29 30 We therefore, expect that the relationship
between access to PCPs and the rate of orthopaedic sur-
geons office visits will be modified by the geographic
availability of orthopaedic surgeons. Finally, we

anticipate that access to PCPs, the geographic availability
of orthopaedic surgeons, and office visits to orthopaedic
surgeons will be positively associated with orthopaedic
surgery rates.

METHODS
Setting and study design
This is a population-based multilevel study of individuals
with MSD aged 18 years and over living in 105 health
planning areas in Ontario, Canada, who used ortho-
paedic surgeon services in the fiscal year 2007–2008
(1 April 2007 to 31 March 2008). All medically necessary
hospital and physician services are covered by the
Ontario Health Insurance Plan (OHIP). Access to ortho-
paedic surgeons is by referral from other physicians,
typically PCPs. However, there are no restrictions on the
location of orthopaedic surgeons to whom referral can
be made.
The health planning areas are administrative areas

known as subLocal Health Integration Networks
(subLHIN). Local Health Integration Networks (LHINs)
were created by the Ontario government in 2006. These
are 14 not-for-profit organisations working with local
health providers and community members to determine
the health service priorities of each region. The boundar-
ies of the 14 LHINs reflect patients’ patterns of healthcare
services utilisation in their communities. In addition, each
LHIN has identified subLHIN areas for planning within
their LHIN. Owing to the fact that LHINs vary substantially
in size and population, the number of subLHINs differs.
As such, a subLHIN may represent specific communities
or aggregations of communities.31 The population of
subLHIN’s ranges from 3820 to 433 805, with the least
populous subLHINs being in rural areas.

Figure 1 Conceptual model (A)

and summary of findings (B),

combining the results of main

effect and adjusted models. RR,

rate ratio; RR are for highest

quintile versus lowest quintile of

the distribution; NS, not

significant. All estimates are

adjusted for age, sex age and sex

interaction, area-level

socioeconomic status, proportion

population 65 years and over and

proportion of rural population.
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Data sources
Data on the number of patients with at least one office
visit to an orthopaedic surgeon or PCP for MSD or who
had an orthopaedic surgery were obtained for each
health planning area. The OHIP physician billings data-
base linked to the Registered Persons Database provided
data on patients with office visits to PCPs and ortho-
paedic surgeons with diagnostic codes relevant to MSD.
These were arthritis and related conditions (osteoarthritis,
rheumatoid arthritis, traumatic arthritis, synovitis, anky-
losing spondylitis), injury and related conditions (fractures
and dislocations, sprains and strains, joint derangement
and other trauma), and bone and joint conditions (other
spine, bone and unspecified joint disorders; see online
supplementary table A1).27 32 Physician specialty was
defined using the Institute of Clinical Evaluative
Sciences Physician Database (IPDB). The IPDB was
linked to the OHIP database to identify visits to ortho-
paedic surgeons and PCPs. All claims made by the same
physician on the same date for the same patient were
considered one visit.
The Canadian Institute for Health Information (CIHI),

Discharge Abstract Database (DAD) and the National
Ambulatory Care Registry System (NACRS) were used to
obtained data on orthopaedic surgeries carried-out as
inpatient and outpatient procedures, respectively.33

Individuals with orthopaedic surgery were identified if
they had at least one inpatient hospitalisation or out-
patient surgery where an orthopaedic surgeon was the
main healthcare provider. Inpatient hospitalisations and
day surgeries with a diagnostic code of MSD were kept for
analysis (see online supplementary table A2).27

Variables
Outcomes: Two main outcomes were used for analysis:
having at least one office visit to an orthopaedic surgeon
and having at least one orthopaedic surgery for MSD.
Need indicators: Given that the prevalence of MSD is

higher in older people, those with low SES, and those
living in rural areas,34–36 it is natural to assume that
potential need for orthopaedic care at the population
level is likely related to the distribution of these factors
in the population. Therefore, three indicators of poten-
tial need for each health planning area were calculated
using data from Statistics Canada 2006 Census. These
indicators were the proportion of the population aged
≥65 years, proportion of rural population and SES. SES
was calculated by combining the median household
income with the proportion of the population with less
than high school using a similar approach to Diez-Roux
et al.37 Both components were standardised into a
z-score and combined into the overall SES score.
Access to PCPs: Data on the amount of care provided by

PCPs in each location in Ontario were not available.
However, data from Ontario show that MSD is one of
the most frequent reasons for seeing PCPs.38 Therefore,
the rate of individuals visiting PCP for MSD was used as
a proxy measure of access to PCPs.

Geographic availability of orthopaedic surgeons. A 2006
survey of Ontario orthopaedic surgeons provided data
on postal codes of all orthopaedic surgeon practice loca-
tions in Ontario. It also provided the number of hours
per week working in the office and performing surgeries
at each location.10 39 Practice locations were geo-coded
using Geographic Information System (GIS) software40

and assigned to a dissemination area (DA). DAs are the
smallest geographic units for which census data are avail-
able (19 777 in Ontario). A geographic availability index
was derived for each health planning area using a gravity
model.28 In the first step, working from each DA popula-
tion centroid, distance from each orthopaedic surgeon
location to each DA population centroid was calculated
using the Minkowski metric,41 which has been found to
be a good approximation to the road distance. In a
second step, for each DA all orthopaedic surgeon loca-
tions within a reasonable distance (we used 50 km) were
identified. Then, the hours of office and surgical care
available from these orthopaedic surgeons were
weighted by the inverse of the squared distance from
the population to the orthopaedic surgeon location.
Thus, the farther away the orthopaedic surgeon location
the lower contribution this location made to the overall
availability for the population. In a next step, the sum of
the weighted hours was calculated for each DA. In a
final step the index at the DA level was aggregated to
the health planning area. All spatial calculations were
performed using ArgGIS 9.1 and SAS V.6.2.

Statistical analysis
Multilevel Poison regression modelling was used to
examine factors associated with the rates of office visits
to orthopaedic surgeons and orthopaedic surgery. The
outcomes were modelled as age and sex strata nested
within each health planning area. As the increase with
age in the rate of office visits and surgery differed by
sex, an age-sex interaction term was added to all
models.27 Random intercept models were used to allow
the outcomes to vary across health planning areas. The
Poisson distribution was used and in the presence of
overdispersion, a generalised Poisson model was fitted.42

Population counts for each stratum were added as an
offset in all models. The estimates obtained from the
regression models compare the log of the rate of the
outcome (eg, orthopaedic surgery) by individual and
area-level indicators. Rate ratios were calculated by expo-
nentiating the regression coefficients.
We used a sequential approach to perform the ana-

lyses. All models included individuals’ age, sex and an
age–sex interaction term. We modelled office visit rates
and surgical rates separately, testing for main effects as
well as adjusted models, with a final adjusted model for
surgical rates which also included orthopaedic surgeon
office visit rates. Finally, we examined whether the rela-
tionship between access to PCPs and orthopaedic
surgeon office rates was affected by the geographic avail-
ability of orthopaedic surgeons in adjusted models by
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including an interaction term between access to PCPs
and the orthopaedic availability index.
For analytic purposes, all area level indicators were

categorised in quintiles to facilitate interpretation with
the exception of the proportion of rural population,
which was categorised as follows: <15%, 15–50% and
≥50%. Analyses were conducted in SAS (proc
GLIMMIX) and rate ratios for the fixed effects (ie, indi-
vidual and area-level predictors) and 95% CIs from
multilevel regression models are presented.
Sensitivity analysis: Analyses are presented for the index

of geographic availability of orthopaedic surgeons calcu-
lated using a distance of 50 km. Analyses with the index
calculated using 25, 75 and 100 km thresholds yielded
similar results. Analyses using an orthopaedic availability
index with office hours for office visits, and surgeon surgi-
cal hours for surgeries showed no discernible variations.

RESULTS
In the 2007/2008 fiscal year there were 477 000 indivi-
duals with office visits to orthopaedic surgeons, 132 600
individuals with orthopaedic surgery for MSD, and
almost 2.4 million individuals made at least one visit to
PCPs for MSD in Ontario. Table 1 presents summary
data for use of orthopaedic surgeon services, access to
PCPs and the geographic availability of orthopaedic sur-
geons’ index. Almost 5% of the population made at least
one office visit to orthopaedic surgeons, and 1.5% had
an orthopaedic surgery. One-quarter of the population
18 years and older made at least one visit to PCPs for
MSD in Ontario with a fourfold variation in the rate
across health planning areas. The median distance to
the nearest orthopaedic surgeon was 11.5 km and
ranged up to 342 km. Nevertheless 97.5% of the popula-
tion lived within 50 km of an orthopaedic surgeon. The
median geographic availability of orthopaedic surgeons’
index (using a 50 km radius) was 57 h/week/100 000
population with a sevenfold variation across the health
planning areas (figure 2).
Rates of individuals with office visits to orthopaedic

surgeons and with orthopaedic surgery for MSD

increased with increasing age (see online supplementary
tables A3 and A4, respectively). The rate of surgery was
higher in women aged 55 years and over than in men in
the same age groups and the reverse was seen in those
aged 44 years and younger (p<0.0001). A similar pattern
was seen for the rate of office visits. Descriptive analyses
showed no regular patterns in rates of office visits to
orthopaedic surgeons or orthopaedic surgery across
quintiles for access to PCPs or the geographic availability
of orthopaedic surgeons. The rate of office visits to
orthopaedic surgeons and orthopaedic surgery was
higher in the highest quintiles of SES. The rate was also
higher in the highest quintiles of the population aged
≥65 years (table 2).

Office visits to orthopaedic surgeons
Table 3 displays the findings for main effect and
adjusted models for office visits to orthopaedic surgeons,
with the overall findings summarised in figure 1B. Age,
sex and the age–sex interaction were significantly asso-
ciated with office visits in all models (data not shown).
Findings from the main effect models (table 3, 2nd
column) indicate that neither access to PCPs nor the
geographic availability of orthopaedic surgeons’ index
were significantly associated with office visits to ortho-
paedic surgeons. However, in the adjusted model
(table 3, 3rd column) both were positively associated
with office visits to orthopaedic surgeons suggesting an
interaction between the two. At first examination, we
estimated the models with the availability of orthopaedic
surgeons and access to PCPs as continuous variables and
found that the interaction term was statistically signifi-
cant (p<0.001). This result suggested a linear trend of
increased utilisation of orthopaedic surgeon office ser-
vices with increasing access to PCPs for a given level of
availability of orthopaedic surgeons. For ease of inter-
pretation we then carried out a stratified analysis by the
orthopaedic availability index. For this stratified analysis
we grouped the orthopaedic availability index into ter-
tiles in order to have adequate sample size to perform
the estimations. The results of the stratified analysis are

Table 1 Use of orthopaedic surgeons services, access to primary care physicians (PCP) by those 18 years and older and

availability of orthopaedic surgeons across health planning areas (n=105), Ontario: 2007–2008

Median

Minimum–

maximum

25th–75th

centile

Use of orthopaedic surgeons services

Patients with office visits per 1000 population 49.8 24.0–96.6 42.0–60.1

Patients with orthopaedic surgery per 1000 population 14.9 3.3–24.7 11.8–17.4

Access to PCP

Patients with visits for MSD per 1000 population 250.4 140.3–558.7 224.3–276.5

Orthopaedic surgeons provision

Distance to nearest orthopaedic surgeon (km) 11.5 1–342 4.4–26.5

Proportion of the population within 50 km of orthopaedic surgeons 97.5 16.6–100.0 –

Orthopaedic surgeon availability index (weighted hours per week

per 100 000 population)

57.0 0.03–391.4 6.3–104.2

PCP, primary care physicians.
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presented in table 4. Access to PCPs was significantly
and positively associated with office visits to orthopaedic
surgeons in areas in the lowest and middle tertiles of
orthopaedic surgeon availability. For example, in areas
of lowest availability of orthopaedic surgeons, residents
of health regions in the top quintile of access to PCPs
were 50% more likely to have visits to orthopaedic sur-
geons than those in the bottom quintile of access to
PCPs.
The proportion of the population aged ≥65 years was

significantly associated with office visits to orthopaedic
surgeons in the main and adjusted models; while the
proportion of rural population was only significant in
the adjusted model.

Orthopaedic surgery
Table 5 displays the findings for main effect and adjusted
models for orthopaedic surgery. In the main effect models
(table 5, 2nd column) access to PCP was not significantly

associated with the rate of orthopaedic surgery, while
there was a negative association with the index of geo-
graphic availability of orthopaedic surgeons. However, the
associations of the orthopaedic accessibility index, SES
and age of the population, and urban/rural status with
orthopaedic surgical rates in the main effect models were
no longer apparent after adjustment for the rate of ortho-
paedic surgeon office visits (table 5, 3rd column).
Analysis restricted to visits to orthopaedic surgeons

and to surgery for arthritis and related conditions and
injury and related conditions showed similar results (see
online supplementary tables A5 and A6).

DISCUSSION
Using geographic variation as a probe and controlling
for indicators of potential need, this study examined the
impact of the geographic availability of orthopaedic sur-
geons and access to PCPs on variations in rates of

Figure 2 Index of geographic availability of orthopaedic surgeons (within 50 km) per 100 000 population by health planning

areas in Ontario: 2006.
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utilisation of orthopaedic services for MSD across health
regions in Ontario, Canada. Our findings point to the
importance of both geographic availability of ortho-
paedic surgeons and access to PCPs in explaining varia-
tions in rates of office visits to orthopaedic surgeons.
This is one of the first studies to focus on the factors
associated with office visits to orthopaedic surgeons. The
findings show that access to PCPs is particularly import-
ant in areas with lower orthopaedic surgeon availability.
This is in line with studies suggesting that the awareness
of specialist availability by PCPs affects their referral

decisions.29 30 The lack of association between ortho-
paedic surgeon availability and surgical rates after
accounting for the rate of orthopaedic office visits sug-
gests that it is access to office-based services that is
crucial for getting access to surgery. Therefore, provision
of greater resources for surgery alone would not
increase surgical rates unless attention is also paid to
factors affecting access to orthopaedic office visits.
The primary focus of this study was all MSD as we

were interested in examining the total caseload of ortho-
paedic surgeons. Taken together arthritis and related
conditions and injury represent approximately 80% of
all orthopaedic surgeon visits for MSD.27 Restricting ana-
lyses to these subgroups gave similar results. This is
perhaps not surprising as all surgery for arthritis and
related conditions and most surgery for injury have a
prior orthopaedic surgeon office visit: about 5% of all
surgeon contacts are for immediate surgery.26

Few studies have examined variations in access to
orthopaedic surgery by focusing on the availability of
orthopaedic surgeons and these have used a crude
measure of availability, namely surgeon-to-population
ratio.10 24 43 As we had access to detailed data on the
location and hours of office-based and surgical care pro-
vided by Ontario surgeons, we were able to calculate a
geographic availability index by combining the amount
of services available with the distance between ortho-
paedic surgeons and population locations, under the
assumption that the closer the medical services, the
easier it is to access them. This index is an improvement
over traditional physician-to-population ratios since it
incorporates an indicator of travel distances. A key char-
acteristic of the index is the ability to provide a more
realistic measure of the availability of orthopaedic
surgeon services, particularly for health planning areas
with few orthopaedic surgeons that are adjacent to areas
of more ample availability.
In our study we looked more comprehensively at the

steps leading to potential surgery (figure 1A) by examin-
ing access to PCPs and access to orthopaedic surgeons
in the office for consultation. Determining population
need for healthcare interventions is challenging and has
been given attention in the literature.3 44 As in our
study, in the absence of reliable measures of need for
healthcare, others have relied on population character-
istics to assess need at the population level.43 44 As
expected, we found that individual age was associated
with both orthopaedic office visits and surgery.
Furthermore, we found that areas with a higher propor-
tion of older population also have higher rates of ortho-
paedic office visits. While this could be an indicator of
need, it may also reflect a concentration of healthcare
services for the older population, or the effect of social
networks in the older population.
The lack of association between SES and the rates of

office visits and/or surgery is in contrast with studies
showing that rates of TJR are lower among those of low
SES.2 15 24 While we did see a significant SES effect for

Table 2 Rate of persons with at least one office visit to

orthopaedic surgeons and with at least one orthopaedic

surgery for musculoskeletal disorders, Ontario: 2007–

2008*

Office visits Surgery

Individual-level indicators

Sex

Women 50.3 13.6

Men 44.5 12.8

Age groups

18–24 22.1 5.5

25–34 20.7 5.3

35–44 28.5 7.5

45–54 48.2 13.6

55–64 72.3 20.9

65–74 91.4 25.8

75+ 98.2 28.3

Area-level indicators

Access to PCP

Quintile I (lowest) 42.6 11.4

Quintile II 49.4 13.8

Quintile III 51.7 14.4

Quintile IV 50.1 13.9

Quintile V (highest) 46.3 14.3

Geographic availability of orthopaedic surgeons

Quintile I (lowest) 52.7 14.1

Quintile II 44.0 12.3

Quintile III 45.1 12.4

Quintile IV 49.9 15.1

Quintile V (highest) 50.9 17.0

SES

Quintile I (lowest) 43.2 11.7

Quintile II 42.4 12.0

Quintile III 51.6 14.5

Quintile IV 53.6 14.6

Quintile V (highest) 51.0 14.7

Proportion of population ≥65 years

Quintile I (lowest) 39.3 10.8

Quintile II 42.4 11.4

Quintile III 51.7 14.2

Quintile IV 55.8 15.7

Quintile V (highest) 54.9 16.6

Proportion of rural population (%)

<15 43.8 11.5

15–50 53.1 15.7

>50 55.5 17.1

*Rates expressed per 1000 population.
PCP, primary care physicians; SES, socioeconomic status.
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orthopaedic surgery in our main effect model, this was
no longer the case when we adjusted for the other vari-
ables. Further exploratory analyses (data not shown)
indicated that SES might be serving as an indicator for
access to PCPs and orthopaedic surgeon availability.
Similarly, an initial finding of lower rates for surgery in
urban areas, compatible with lower rates of TJR in urban
areas,17 was no longer significant in adjusted analyses.

A major advantage of this study is the comprehensive
coverage of the Ontario publicly funded healthcare
system, which covers all medically necessary physician
visits. This allowed us to examine data on office visits to
orthopaedic surgeons and surgery for all MSD, not just
the 25% of orthopaedic surgery represented by TJR.27

Moreover, we were able to examine the source of varia-
tions in surgical rates by looking at factors in the care

Table 4 Multilevel Poisson regression model*: rates ratios (95% CIs) for the effects of access to PCP on the rate of office

visits stratified by tertiles of geographic availability of orthopaedic surgeons, Ontario: 2007–2008

Geographic availability of orthopaedic surgeons (thirds of the distribution)

Lowest Middle Highest

Access to primary care physicians

Quintile V (highest) 1.50 (1.02 to 2.21) 1.29 (1.03 to 1.63) 0.85 (0.59 to 1.22)

Quintile IV 1.16 (0.90 to 1.51) 1.17 (0.92 to 1.47) 0.95 (0.65 to 1.37)

Quintile III 1.17 (0.99 to 1.64) 1.11 (0.78 to 1.30) 0.89 (0.62 to 1.27)

Quintile II 1.12 (0.90 to 1.39) 1.19 (0.94 to 1.50) 0.86 (0.58 to 1.28)

Quintile I (lowest) 1.00 1.00 1.00

*All models include: age, sex age and sex interaction, area-level SES, % population 65 years and over and proportion of rural population.
PCP, primary care physicians; SES, socioeconomic status.
Bold typeface indicates significance at p<0.05.

Table 3 Multilevel Poisson regression models for office visits to orthopaedic surgeons for MSD: results for the main and

adjusted effects of access to PCP, geographic availability of orthopaedic surgeons and need indicators, Ontario: 2007–2008

Rate ratios (95% CI)

Main effect models Adjusted model

Access to PCP

Quintile V (highest) 1.05 (0.90 to 1.21) 1.26 (1.07 to 1.49)

Quintile IV 1.10 (0.95 to 1.27) 1.17 (1.00 to 1.38)

Quintile III 1.10 (0.95 to 1.27) 1.12 (0.96 to 1.31)

Quintile II 1.11 (0.96 to 1.28) 1.13 (0.98 to 1.30)

Quintile I (lowest) 1.00 1.00

Geographic availability of orthopaedic surgeons

Quintile V (highest) 1.14 (0.99 to 1.31) 1.29 (1.08 to 1.55)

Quintile IV 0.95 (0.82 to 1.09) 1.00 (0.85 to 1.18)

Quintile III 0.99 (0.86 to 1.14) 1.09 (0.93 to 1.29)

Quintile II 1.05 (0.91 to 1.21) 1.10 (0.94 to 1.29)

Quintile I (lowest) 1.00 1.00

SES

Quintile V (highest) 0.96 (0.83 to 1.11) 1.04 (0.88 to 1.24)

Quintile IV 0.93 (0.81 to 1.07) 0.98 (0.83 to 1.16)

Quintile III 1.09 (0.95 to 1.26) 1.04 (0.89 to 1.22)

Quintile II 1.05 (0.91 to 1.20) 0.98 (0.84 to 1.16)

Quintile I (lowest) 1.00 1.00

Proportion of population ≥65 years

Quintile V (highest) 1.25 (1.09 to 1.44) 1.18 (1.01 to 1.39)

Quintile IV 1.22 (1.07 to 1.40) 1.21 (1.04 to 1.41)

Quintile III 1.24 (1.08 to 1.42) 1.23 (1.06 to 1.44)

Quintile II 1.06 (0.93 to 1.22) 1.05 (0.90 to 1.22)

Quintile I (lowest) 1.00 1.00

Proportion of rural population (%)

<15 0.89 (0.80 to 1.00) 0.81 (0.68 to 0.95)

Intermediate (15–50) 1.03 (0.91 to 1.15) 0.96 (0.84 to 1.11)

Rural (≥50) 1.00 1.00

Models included age, sex and age-sex interaction.
PCP, primary care physicians; MSD, musculoskeletal disorders; SES, socioeconomic status.
Bold typeface indicates significance at p<0.05.
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pathway at the level of primary care and orthopaedic
care.
Our study’s limitations are those inherent to eco-

logical studies and the use of health service data. A limi-
tation of the databases used is the lack of individual data
associated with need for healthcare such as SES, conse-
quently we had to use area-level indicators.
Unfortunately we did not have data on the circum-
stances of orthopaedic practice such as surgeon prefer-
ences13 22 45 or barriers to surgery (eg, availability of
operating room resources).10 However, to the extent to
which availability of surgical and office hours could be
considered as a proxy for surgical resources, our find-
ings suggest that the key aspect is access orthopaedic sur-
geons in the office for consultation. We did not have an
accurate count of practicing PCPs within each health
region and the amount of care provided. Therefore, we
relied on a measure of utilisation as a proxy for access to

PCP. Differences in PCP utilisation rates may reflect not
only variation in the number of available physicians but
differences in the preferences of physicians in managing
common MSD.46 They may also reflect differences in
need in the population for which we do not have a
direct measure. Nevertheless, our results point to the
importance of considering factors related to access to
PCPs to ensure adequate access to orthopaedic services
in the population. Finally, our study is based in Ontario,
Canada, and it is unknown to what extent the findings
can be generalised to other jurisdictions.

CONCLUSION
Our study found that, particularly, in areas with low
access to PCPs or fewer orthopaedic surgeon resources,
residents are less likely to use office-based orthopaedic
surgeon services, and in turn are less likely to receive

Table 5 Multilevel Poisson regression models for orthopaedic surgery for MSD: results for the main and adjusted effects of

access to PCP, geographic availability of orthopaedic surgeons and need indicators, Ontario: 2007–2008

Rate ratio (95% CI)

Main effect models Adjusted model

Access to PCP

Quintile V (highest) 0.93 (0.79 to 1.09) 1.01 (0.87 to 1.18)

Quintile IV 1.04 (0.89 to 1.22) 0.98 (0.84 to 1.14)

Quintile III 1.04 (0.89 to 1.22) 1.02 (0.89 to 1.17)

Quintile II 1.02 (0.87 to 1.19) 0.90 (0.79 to 1.03)

Quintile I (lowest) 1.00 1.00

Geographic availability of orthopaedic surgeons

Quintile V (highest) 0.74 (0.65 to 0.84) 0.91 (0.77 to 1.07)

Quintile IV 0.78 (0.68 to 0.89) 0.89 (0.77 to 1.04)

Quintile III 1.00 (0.88 to 1.15) 0.89 (0.77 to 1.03)

Quintile II 1.00 (0.88 to 1.15) 0.87 (0.76 to 1.01)

Quintile I (lowest) 1.00 1.00

Office visits to orthopaedic surgeons

Quintile V (highest) 1.72 (1.54 to 1.91) 1.72 (1.48 to 2.01)

Quintile IV 1.59 (1.43 to 1.77) 1.63 (1.40 to 1.90)

Quintile III 1.41 (1.27 to 1.57) 1.31 (1.14 to 1.52)

Quintile II 1.26 (1.13 to 1.40) 1.30 (1.14 to 1.49)

Quintile I (lowest) 1.00 1.00

SES

Quintile V (highest) 0.85 (0.73 to 0.99) 1.03 (0.89 to 1.20)

Quintile IV 0.89 (0.77 to 1.04) 1.09 (0.95 to 1.26)

Quintile III 0.95 (0.81 to 1.11) 0.94 (0.82 to 1.08)

Quintile II 0.94 (0.81 to 1.10) 1.04 (0.90 to 1.20)

Quintile I (lowest) 1.00 1.00

Proportion of population ≥65 years

Quintile V (highest) 1.30 (1.12 to 1.51) 0.98 (0.84 to 1.14)

Quintile IV 1.21 (1.04 to 1.40) 0.93 (0.81 to 1.08)

Quintile III 1.18 (1.02 to 1.37) 1.00 (0.86 to 1.15)

Quintile II 1.05 (0.90 to 1.22) 0.96 (0.84 to 1.10)

Quintile I (lowest) 1.00 1.00

Proportion of rural population (%)

<15 0.78 (0.70 to 0.86) 0.91 (0.79 to 1.06)

Intermediate (15–50) 1.02 (0.91 to 1.14) 1.12 (0.98 to 1.27)

Rural (≥50) 1.00 1.00

PCP, primary care physicians; MSD, musculoskeletal disorders; SES, socioeconomic status.
Bold typeface indicates significance at p<0.05.
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orthopaedic surgery. Clearly, lack of access to PCPs
affects both access to orthopaedic surgery and, more
generally, access to the expertise of orthopaedic sur-
geons in the diagnosis and management of MSD. These
results suggest that increasing capacity for surgery alone
may not be enough to improve access to orthopaedic
surgery. Efforts to address access to orthopaedic surgery
should also include improving and facilitating access to
both PCPs for referral and orthopaedic office consulta-
tions. Further research is warranted to extend this work
by examining individual and organisational factors along
the orthopaedic care pathway that may affect how indivi-
duals access orthopaedic services.
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Table A1: Available physician billing codes relevant to musculoskeletal disorders: Ontario Health Insurance Plan
*
 

Diagnostic groups Description Billing codes
 

# of 

People
a 

# of 

Visits
b 

Injury and related conditions 213,047 501,277 

Fractures/dislocations Dislocations: shoulder, elbow, finger, 

other 

Fractures and Dislocations: vertebral 

column without spinal damage, vertebral 

column with spinal damage, ribs, pelvis, 

clavicle, humerus, radius/ulna, carpal 

bones, metacarpals, phalanges, femur, 

fibula/tibia, ankle, leg, other 

831, 832, 834, 839 

805, 806, 807, 808, 810, 

812, 813, 814, 815, 816, 

821, 823, 824, 827, 829 

108,968 279,619 

Strains/sprains of spine Coccyx, neck, low back 847 3,647 5,286 

Other Strains/sprains shoulder/upper arm, elbow, wrist/hand and 

fingers, knee/leg, ankle/foot & toes, 

coccyx/neck, other 

840, 841, 842, 843, 844, 

845,  848 

108,312 216,372 

Arthritis and related conditions 230,642 465,711 

Rheumatoid arthritis Rheumatoid arthritis, still's disease 714 2,173 4,163 

Ankylosing spondylitis Ankylosing spondylitis 720 794 1,205 

Connective tissue Disseminated lupus erythematosus, 

scleroderma, polyarteritis nodosa, 

temporal arteritis 

710, 446 41 79 

Osteoarthritis Osteoarthritis 715 123,371 241,751 

Joint derangement Joint derangement, recurrent dislocation, 

ankylosis, meniscus or cartilage tear, loose 

body in joint 

717, 718 64,573 115,787 

Synovitis Synovitis, tenosynovitis, bursitis, bunion 727 35,147 59,904 

Traumatic arthritis Traumatic arthritis, Pyogenic arthritis 716,711 2,636 4,530 

Gout Gout 274, 712 153 224 

Soft tissue disorders Dupuytren's contracture, Fibrositis, 

myositis, muscular rheumatism 

728, 729 1,539 2,467 

Other arthritis  739 18,024 35,601 

Bone and spine conditions 37,806 65,315 

Spine Spondylosis and allied disorders, 

intervertebral disc disorders, pain neck, 

lumbar strain, lumbago, coccydynia, 

sciatica, lumbar disc disease 

(degenerative), scoliosis 

721, 722, 723, 724, 737 25,257 40,865 

Bone Osteomyelitis, osteochondritis, legg-

perthes disease, osteoporosis, spontaneous 

fracture, other disorders of bone & 

cartilage, flat foot, pes planus, hallux 

valgus, hallux varus, hammer toe 

730, 731, 732, 733, 734, 

735 

12,688 24,450 

Unspecified MSD  781 28,896 50,423 

Musculoskeletal Disorders
 

  477,003 1,082,726 
* 
Available billing codes are a modified and abbreviated list based on ICD-9. 

a 
Number of people with at least one visit to an 

orthopaedic surgeon (Note that people can have visits for multiple conditions). 
b
 Number of visits to orthopaedic surgeons. 



Table A2: Available diagnostic codes relevant to musculoskeletal disorders: Discharge Abstract Database
* 

Diagnostic groups Description ICD code
 

# of 

People
a 

# of 

Surgeries
b 

Injury and related conditions 30,076 30,948 

Fractures/dislocations Dislocations: neck, spine & pelvis, 

shoulder, elbow, hand & wrist, hip, knee 

& patella, ankle & foot  

Fractures:  neck, spine & pelvis, 

shoulder, elbow, hand & wrist, hip, knee 

& patella, ankle & foot 

S13.0-S13.3, S33.0-

S33.3,S43.0-S43.3, S53.0- 

S53.1,S63.0-

S63.2,S73.0,S83.0- 

S83.1,S93.0-S93.3 

T08,S12, S32, S42, 

S52,S62,S72,S82, S92 

27,750 28,570 

Other Strains/sprains neck and lumbar spine, shoulder, elbow, 

hand & wrist, hip, knee & patella, ankle 

& foot 

S13.4, S13.5, S33.5-

S33.7, S43.4-S43.7, 

S53.2-S53.4,S63.3-S63.7, 

S73.1,S83.2-S83.7, S93.4-

S93.6 

2,346 2,378 

Arthritis and related conditions 84,904 89,280 

Rheumatoid arthritis Rheumatoid arthritis, still's disease M05 - M09 820 875 

Ankylosing spondylitis Ankylosing spondylitis M45, M46 118 125 

Connective tissue Disseminated lupus erythematosus, 

scleroderma, polyarteritis nodosa, 

temporal arteritis 

M30-M36 640 751 

Osteoarthritis Osteoarthritis M15-M19 37,261 38,779 

Joint derangement Joint derangement, recurrent dislocation, 

ankylosis, meniscus or cartilage tear, loose 

body in joint 

M22-M24 25,459 26,112 

Synovitis Synovitis, tenosynovitis, bursitis, bunion M65-M71 7,612 7,871 

Traumatic arthritis Traumatic arthritis, pyogenic arthritis M00-M03, M12 527 563 

Gout Gout  

Disorders of muscle 

M10, M11, M14 

M60-M63 

238 242 

Soft tissue disorders Fibroblastic dirders, Soft tissue disorders 

in diseases classified elsewhere  

Shoulder lesions, enthesopathies lower 

limb 

M72-M73 

M75-M77 

11,723 12,590 

Other arthritis Fibrositis, myositis, muscular rheumatism 

Other arthritis, other MSK disorders 

M79 

M13, M96, M99 

1,349 1,372 

Bone and spine conditions 20,551 29,492 

Spine Deforming dorsopathies, spondylosis, 

other dorsopathies Spinal stenosis, 

ankylosing hyperostosis, other 

spondylopathies 

M40-M43, M47, M49-

M54 

M48.0-M48.3, M48.8-

M48.9 

8,906 15,323 

Bone Osteopathies and chondropathies, 

traumatic spondilopathy  

Acquired deformities of fingers and toes, 

hallux valgus 

M80-M90, M91-M94, 

M48.4, M48.5 

M20, M21.4, L60.0, 

L60.2, L84 

11,700 14,169 

Unspecified MSD other acquired deformities, other joint 

disorders 

M21 excluding. M21.4, 

M25 
3,322 3,478 

Musculoskeletal Disorders   132,630 153,198 
* 
ICD-10 diagnostic codes. 

a 
Number of people with at least one hospital encounter with an orthopaedic surgeon as the main 

healthcare provider (Note that people can have visits for multiple conditions). 
b
 Number of orthopaedic surgeries. 



Table A3: Multilevel Poisson regression models of office visits to orthopaedic surgeons for arthritis and injury: results for the 

effects of age and sex, Ontario: 2007-08 

 MSD  Arthritis  Injury 

Estimate Standard 

Error 

p-value  Estimate Standard 

Error 

p-value  Estimate Standard 

Error 

p-value 

Intercept -3.561 0.028 <.0001  -4.852 0.036 <.0001  -3.940 0.039 <.0001 

Sex  

(Ref: Men) 

-0.524 0.025 <.0001  -0.379 0.034 <.0001  -0.701 0.030 <.0001 

Age groups 
(Ref: 18-24) 

           

25-34 -0.044 0.023 0.057  0.145 0.031 <.0001  -0.192 0.028 <.0001 

35-44 0.166 0.022 <.0001  0.561 0.029 <.0001  -0.146 0.028 <.0001 

45-54 0.544 0.022 <.0001  1.098 0.029 <.0001  0.100 0.027 0.000 

55-64 0.824 0.022 <.0001  1.525 0.028 <.0001  0.248 0.027 <.0001 

65-74 1.022 0.022 <.0001  1.806 0.029 <.0001  0.334 0.028 <.0001 

75+ 1.067 0.023 <.0001  1.800 0.029 <.0001  0.486 0.028 <.0001 

Age by sex             

25-34 0.146 0.034 <.0001  -0.001 0.046 0.978  0.241 0.042 <.0001 

35-44 0.325 0.033 <.0001  0.151 0.043 0.001  0.456 0.041 <.0001 

45-54 0.571 0.032 <.0001  0.410 0.042 <.0001  0.736 0.040 <.0001 

55-64 0.759 0.032 <.0001  0.560 0.041 <.0001  0.979 0.040 <.0001 

65-74 0.788 0.032 <.0001  0.586 0.042 <.0001  1.061 0.041 <.0001 

75+ 0.759 0.032 <.0001  0.462 0.042 <.0001  1.165 0.041 <.0001 

 

  



Table A4: Multilevel Poisson regression models of orthopaedic surgery for arthritis and injury: results for the effects of age and 

sex, Ontario: 2007-08 

 MSD  Arthritis  Injury 

Estimate Standard 

Error 

p-value  Estimate Standard 

Error 

p-value  Estimate Standard 

Error 

p-value 

Intercept -4.896 0.034 <.0001  -5.816 0.042 <.0001  -5.767 0.041 <.0001 

Sex 

(Ref: Men) 
-0.669 0.036 <.0001  -0.459 0.047 <.0001  -1.082 0.058 <.0001 

Age groups 
(Ref: 18-24) 

           

25-34 -0.002 0.032 0.947  0.194 0.040 <.0001  -0.211 0.047 <.0001 

35-44 0.235 0.030 <.0001  0.653 0.037 <.0001  -0.389 0.046 <.0001 

45-54 0.682 0.029 <.0001  1.250 0.036 <.0001  -0.270 0.045 <.0001 

55-64 0.971 0.029 <.0001  1.625 0.035 <.0001  -0.298 0.047 <.0001 

65-74 1.121 0.030 <.0001  1.792 0.036 <.0001  -0.227 0.051 <.0001 

75+ 1.142 0.031 <.0001  1.550 0.037 <.0001  0.811 0.045 <.0001 

Age by sex            

25-34 0.115 0.049 0.020  -0.069 0.062 0.261  0.146 0.080 0.067 

35-44 0.341 0.047 <.0001  0.035 0.057 0.541  0.576 0.076 <.0001 

45-54 0.590 0.045 <.0001  0.284 0.054 <.0001  0.918 0.073 <.0001 

55-64 0.834 0.044 <.0001  0.488 0.053 <.0001  1.487 0.074 <.0001 

65-74 0.912 0.045 <.0001  0.571 0.054 <.0001  1.759 0.076 <.0001 

75+ 0.972 0.045 <.0001  0.471 0.056 <.0001  1.803 0.070 <.0001 

 

  



Table A5: Multilevel Poisson regression models of office visits to orthopaedic surgeons for arthritis and injury: results for the 

main and adjusted effects of access to primary care physicians (PCP), geographic availability of orthopaedic surgeons, and need 

indicators, Ontario: 2007-08 

  Arthritis   Injury 

  
Main effect 

models 
Adjusted model   

Main effect 

models 
Adjusted model 

Access to PCP 
    

Quintile V (highest) 0.93(0.81 - 1.05) 1.16(1.03 - 1.21) 1.10(0.95 - 1.27) 1.13(1.00 - 1.31) 

Quintile IV 0.90(0.80 - 1.02) 1.00(0.88 - 1.14) 1.03(0.90 - 1.17) 1.02(0.90 - 1.17) 

Quintile III 0.94(0.84 - 1.07) 0.98(0.87 - 1.11) 0.95(0.83 - 1.08) 0.94(0.82 - 1.07) 

Quintile II 1.01(0.89 - 1.13) 1.05(0.94 - 1.17) 0.98(0.87 - 1.10) 0.98(0.87 - 1.09) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Geographic availability of 

orthopaedic surgeons   

Quintile V (highest) 1.18(0.98 - 1.39) 1.34(1.10 - 1.63) 1.11(0.90 - 1.36) 1.18(1.01 - 1.51) 

Quintile IV 0.90(0.76 - 1.07) 0.97(0.81 - 1.17) 0.96(0.78 - 1.19) 1.01(0.80 - 1.28) 

Quintile III 1.06(0.89 - 1.25) 1.16(0.97 - 1.38) 0.93(0.76 - 1.15) 0.97(0.77 - 1.20) 

Quintile II 1.19(0.97 - 1.41) 1.24(0.99 - 1.47) 0.90(0.73 - 1.10) 0.94(0.76 - 1.16) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

SES  

Quintile V (highest) 0.93(0.78 - 1.11) 0.95(0.79 - 1.14) 1.09(0.88 - 1.34) 1.34(1.06 - 1.69) 

Quintile IV 0.98(0.83 - 1.17) 0.97(0.81 - 1.15) 0.98(0.80 - 1.20) 1.13(0.91 - 1.41) 

Quintile III 1.16(0.97 - 1.38) 1.05(0.89 - 1.25) 1.09(0.89 - 1.34) 1.10(0.89 - 1.36) 

Quintile II 0.99(0.83 - 1.17) 0.89(0.75 - 1.06) 1.20(0.98 - 1.47) 1.16(0.93 - 1.44) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Proportion of population 

≥65 years  

Quintile V (highest) 1.19(1.00 - 1.42) 1.13(0.95 - 1.35) 1.33(1.09 - 1.63) 1.37(1.10 - 1.70) 

Quintile IV 1.12(0.99 - 1.34) 1.09(0.92 - 1.29) 1.33(1.09 - 1.63) 1.39(1.12 - 1.71) 

Quintile III 1.22(1.02 - 1.45) 1.23(0.99 - 1.45) 1.26(1.03 - 1.53) 1.33(1.09 - 1.64) 

Quintile II 1.05(0.88 - 1.25) 1.01(0.86 - 1.19) 1.05(0.86 - 1.28) 1.10(0.89 - 1.34) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Proportion of rural 

population  

<15%  0.84(0.74 - 0.96) 0.86(0.72 - 1.02) 0.96(0.82 - 1.12) 0.84(0.67 - 1.04) 

Intermediate (15-50% ) 0.96(0.84 - 1.11) 0.97(0.83 - 1.12) 1.04(0.87 - 1.23) 0.98(0.81 - 1.17) 

Rural (≥50%) 1.00 1.00 1.00 1.00 

 

 



Table A6: Multilevel Poisson regression models of orthopaedic surgery for arthritis and injury: results for the main and adjusted 

effects of access to primary care physicians (PCP), geographic availability of orthopaedic surgeons, and need indicators, Ontario: 

2007-08 

  Arthritis   Injury 

  
Main effect 

models 
Adjusted model   Main effect models Adjusted model 

Access to PCP 
    

Quintile V (highest) 0.93(0.80 - 1.09) 0.99(0.87 - 1.12) 0.90(0.78 - 1.05) 0.98(0.85 - 1.13) 

Quintile IV 1.01(0.87 - 1.17) 1.02(0.90 - 1.15) 0.87(0.74 - 1.02) 1.04(0.91 - 1.20) 

Quintile III 0.99(0.85 - 1.14) 1.02(0.91 - 1.15) 0.92(0.78 - 1.08) 1.04(0.91 - 1.19) 

Quintile II 1.01(0.88 - 1.17) 0.93(0.83 - 1.03) 0.98(0.84 - 1.16) 1.01(0.89 - 1.14) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Geographic availability of 

orthopaedic surgeons   

Quintile V (highest) 0.85(0.71 - 1.01) 0.86(0.73 - 1.00) 1.01(0.86 - 1.19) 1.15(0.98 - 1.35) 

Quintile IV 0.77(0.65 - 0.92) 0.91(0.79 - 1.05) 0.85(0.72 - 1.00) 1.03(0.88 - 1.20) 

Quintile III 0.81(0.67 - 0.96) 0.83(0.72 - 0.95) 0.87(0.74 - 1.02) 0.99(0.86 - 1.15) 

Quintile II 0.89(0.74 - 1.07) 0.77(0.67 - 0.89) 0.97(0.82 - 1.15) 1.05(0.90 - 1.21) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Office visits to orthopaedic 

surgeons   

Quintile V (highest) 1.73(1.51 - 1.99) 1.73(1.51 - 1.99) 1.51(1.31 - 1.73) 1.38(1.20 - 1.59) 

Quintile IV 1.58(1.37 - 1.81) 1.46(1.26 - 1.69) 1.37(1.20 - 1.57) 1.24(1.08 - 1.41) 

Quintile III 1.44(1.25 - 1.66) 1.39(1.22 - 1.59) 1.24(1.09 - 1.42) 1.19(1.05 - 1.36) 

Quintile II 1.25(1.09 - 1.44) 1.14(1.00 - 1.29) 1.16(1.01 - 1.34) 1.12(0.97 - 1.29) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

SES  

Quintile V (highest) 0.83(0.69 - 0.99) 1.02(0.96 - 1.29) 0.87(0.74 - 1.02) 0.98(0.84 - 1.14) 

Quintile IV 0.88(0.73 - 1.05) 1.04(0.99 - 1.32) 0.92(0.78 - 1.08) 1.01(0.88 - 1.17) 

Quintile III 0.90(0.75 - 1.08) 0.93(0.81 - 1.06) 0.98(0.84 - 1.16) 0.98(0.85 - 1.12) 

Quintile II 0.91(0.76 - 1.09) 1.05(0.92 - 1.20) 1.04(0.89 - 1.22) 1.02(0.89 - 1.18) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Proportion of population ≥65 

years  

Quintile V (highest) 1.31(1.10 - 1.56) 1.04(0.90 - 1.20) 1.28(1.10 - 1.50) 1.02(0.88 - 1.19) 

Quintile IV 1.20(1.01 - 1.43) 1.02(0.89 - 1.16) 1.27(1.09 - 1.48) 1.05(0.90 - 1.22) 

Quintile III 1.18(0.99 - 1.40) 1.05(0.92 - 1.20) 1.18(1.01 - 1.37) 1.02(0.89 - 1.18) 

Quintile II 1.00(0.84 - 1.19) 0.99(0.87 - 1.13) 1.06(0.91 - 1.24) 1.00(0.87 - 1.14) 

Quintile I (lowest) 1.00 1.00 1.00 1.00 

Proportion of rural 

population 

Urban (<15% ) 0.75(0.67 - 0.85) 0.84(0.73 - 0.97) 0.81(0.72 - 0.90) 0.80(0.69 - 0.93) 

Intermediate (15-50% ) 1.05(0.93 - 1.20) 1.11(0.99 - 1.25) 0.98(0.87 - 1.11) 0.94(0.83 - 1.06) 

Rural (≥50%) 1.00 1.00 1.00 1.00 
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