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Abstract

Background: This population-based cohort study has the objective to understand the sociodemographic characteristics and
health conditions of patients who do not receive surgery within 18 months following an ambulatory visit to an orthopaedic
surgeon.

Methods: Administrative healthcare databases in Ontario, Canada were linked to identify all patients making an initial
ambulatory visit to orthopaedic surgeons between October 1st, 2004 and September 30th, 2005. Logistic regression was
used to examine predictors of not receiving surgery within 18 months.

Results: Of the 477,945 patients in the cohort 49% visited orthopaedic surgeons for injury, and 24% for arthritis. Overall,
79.3% did not receive surgery within 18 months of the initial visit, which varied somewhat by diagnosis at first visit (84.5%
for injury and 73.0% for arthritis) with highest proportions in the 0–24 and 25–44 age groups. The distribution by income
quintile of patients visiting was skewed towards higher incomes. Regression analysis for each diagnostic group showed that
younger patients were significantly more likely to be non-surgical than those aged 65+ years (age 0–24: OR 3.45 95%CI
3.33–3.57; age 25–44: OR 1.30 95%CI 1.27–1.33). The odds of not getting surgery were significantly higher for women than
men for injury and other conditions; the opposite was true for arthritis and bone conditions.

Conclusion: A substantial proportion of referrals were for expert diagnosis or advice on management and treatment. The
findings also suggest socioeconomic inequalities in access to orthopaedic care. Further research is needed to investigate
whether the high caseload of non-surgical cases affects waiting times to see a surgeon. This paper contributes to the
development of evidence-based strategies to streamline access to surgery, and to develop models of care for non-surgical
patients to optimize the use of scarce orthopaedic surgeon resources and to enhance the management of musculoskeletal
disorders across the care continuum.
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Introduction

Musculoskeletal disorders (MSD) are among the most frequent

chronic conditions: each year 22% of the population makes at least

one doctor visit for MSD of whom one third see specialists, most

frequently orthopaedic surgeons [1,2]. Access to orthopaedic

surgery is a recurring issue particularly in publicly funded

healthcare systems such as that of the United Kingdom (UK) or

Canada, with concerns both in the demand and supply sides. On

the demand side the incidence of MSD including fracture and

arthritis are projected to increase as the population ages and

obesity increases,[3–7] with a concomitant increase in need for

surgery, especially for total joint replacement and osteoporosis

fracture care [8,9]. On the supply side there are concerns that

typically revolve around pressures caused by the shortage in

resources for surgery including orthopaedic surgeons and hospital

resources[4,10–13]. There is further concern with system efficien-

cies[14–18] with an emphasis on long wait times for surgery

[16,19].

Our previous study suggested that overall more than two out of

three patients seeing an orthopaedic surgeon did not get

orthopaedic surgery [20]. This is consistent with reports from

the UK [21,22] and a US study from a capitated population [23].

In principle, seeing a high volume of patients who do not need

surgery may put pressure on orthopaedic resources, which may in
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turn impede access to timely care. Given the expected increase in

demand for musculoskeletal care and limited orthopaedic

resources, it is important to understand the characteristics of

patients who see surgeons but do not need surgery. This study

identifies and follows a cohort of patients visiting orthopaedic

surgeons in Ontario, Canada. The objective is to understand the

sociodemographic characteristics and health conditions of patients

who do not receive surgery within 18 months following an

ambulatory visit to orthopaedic surgeons.

Methods

The setting for this study is Ontario, Canada. The target

population for this cohort study was the total population of

patients who had an ambulatory (office) visit to orthopaedic

surgeons between October 1st, 2004 and September 30th, 2005

(index year) and who had not had surgery within the previous 6

months. They were then followed for 18 months after their initial

visit in the index period. The primary outcome was the proportion

of patients not receiving surgery, whom we refer to as non-surgical

patients.

The study cohort was identified by linking anonymous

encrypted health-card data on ambulatory and hospital orthopae-

dic service utilization from administrative healthcare databases.

The Ontario Health Insurance Plan (OHIP) physician’s billing

database provided information on orthopaedic ambulatory servic-

es, including a diagnostic code, based on a modification of the

International Classification of Diseases 9th Edition (ICD-9) [24].

Diagnostic codes in the ambulatory visit database were classified

into: arthritis and related conditions (osteoarthritis, and other arthritis

(e.g. rheumatoid arthritis, traumatic arthritis, synovitis, and

ankylosing spondylitis)), injury and related conditions (fractures and

dislocations, sprains and strains, joint derangement, and other

injuries), bone and joint conditions (other spine, bone, and unspecified

bone joint disorders), and other conditions (including cancers,

circulatory diseases, congenital deformities, and conditions of

childhood etc) [20]. The Institute of Clinical Evaluative Sciences

Physician Database was linked to the OHIP database to identify

orthopaedic surgeons. Information on patients’ age, sex and

residential postal code was obtained from the Ontario Registered

Persons Database. Postal code data were linked to census data for

dissemination areas, the smallest geographic unit for which census

data are available, and used to estimate neighbourhood income

quintiles as a proxy for personal income and hence socioeconomic

status (SES) [25]. The Canadian Institute for Health Information

Discharge Abstract Database (DAD) and the National Ambulatory

Care Reporting System (NACRS) database provided information

on inpatient and outpatient surgeries respectively. Orthopaedic

surgeries were defined based on the Canadian Classification of

Health Intervention (CCI) procedure codes relating to the

musculoskeletal system in the hospital databases. Diagnoses in

the DAD and NACRS databases associated with surgery were

coded according to the International Classification of Diseases 10th

Edition (ICD-10) and were allocated to groups similar to those for

ambulatory care.

Entry into the cohort was the date of the initial ambulatory visit

to an orthopaedic surgeon. As the focus of this study was on

ambulatory visits, we excluded cases with likely emergency

surgery. Cases were deemed to be an emergency surgery if initial

contact with the orthopaedic surgeon was for surgery or if they had

surgery within 48 hours of the first ambulatory visit. This time

period was chosen as it is the national benchmark for hip fracture

surgery [26]. Patients with orthopaedic surgery within 6 months

prior to the index visit and therefore likely to be seeing a surgeon

for follow-up were also excluded.

Analyses
Descriptive analyses were conducted to estimate the proportion

of patients who did and did not receive an orthopaedic surgery

within 18 months of the initial visit to orthopaedic surgeons, by

diagnostic groups. Descriptive statistics for demographic and

clinical characteristics are presented using frequencies and

percentages for categorical variables, and medians for continuous

variables. Sensitivity analyses to assess the adequacy of our follow-

up time examined if longer follow-up periods would significantly

increase the estimated proportion of patients with surgery were

carried out by extending the follow-up time to 24 months. Logistic

regression was used to assess age, sex, and income quintile as

predictors of not receiving surgery for the overall cohort and each

diagnostic group.

Ethics Statement
This study received ethical approval through the institutional

research board of Sunnybrook Health Sciences Centre.

Results

Between October 2004 and September 2005, 521,200 patients

accessed orthopaedic services (ambulatory and surgery) in

Ontario. There were 477,900 (92.0%) patients who fulfilled the

criteria for cohort entry and 43,300 patients were excluded: likely

emergency surgery (22,900); surgery within two days of first

ambulatory visit (5,200); surgery within the previous six months

(15,000). The majority of the exclusions for likely emergency

surgery were for injury.

Table 1 shows the characteristics of the cohort, the diagnosis at

the initial ambulatory visit to an orthopaedic surgeon, and the

proportion of non-surgical patients (patient who did not receive

surgery within 18 months of the initial visit to orthopaedic

surgeons). Overall, 79.3% of patients were non-surgical, with

highest proportions in the 0–24 and 25–44 age groups. Patients

aged less than 45 years made up to 40% of all patients with visits,

and 45% of non-surgical patients. Almost half of all visits were for

injury. Almost a quarter of patients visited for arthritis and related

diagnoses, although these patients were mostly aged 45 years or

older. The majority of patients visiting for ‘other conditions’ were

in the 0–24 age group. Just over 10% of the cohort visited for

multiple conditions. The distribution of patients with an ambu-

latory visit by income quintile was skewed towards higher incomes,

but the opposite relationship was seen for non-surgical patients.

The proportion of non-surgical patients varied somewhat by

diagnostic group (Figure 1), and was highest for injury and

particularly fractures (94%). This is not unexpected as we excluded

likely emergency surgery from the cohort. The proportion of non-

surgical patients was lowest for multiple diagnoses (63%) and

osteoarthritis (65%). The latter was likely consultation for

consideration of joint replacement surgery.

Figure 2 shows the cumulative proportion of persons having

orthopaedic surgery up to 18 months of the initial ambulatory visit

in the index year by diagnostic group. After 18 months the curve

of the trajectory had flattened suggesting that this time period had

captured the majority of the surgeries. Sensitivity analyses showed

that longer follow-up periods would not substantially increase the

estimated proportion of patients with surgery. For example, at 18

months the proportion of patients with visits for osteoarthritis who

had surgery was 35% and the projected proportion at 24 months

was 36.9%.

Use of Orthopaedic Surgeon Services
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Regression analysis for each diagnostic group showed that

younger patients were less likely to have surgery than those aged

65+ years (Table 2). For injury and ‘other conditions’ the odds of

not-getting surgery were significantly higher for women than men;

while the opposite was true for arthritis and bone conditions. The

odds of not getting surgery were greater for patients in the lowest

income quintile compared to the highest for injury, arthritis, and

bone conditions.

Discussion

This is the first study that we are aware of that has looked in

detail at the characteristics of patients who do not get surgery

following an ambulatory visit to an orthopaedic surgeon. We

showed that four out of five patients visiting orthopaedic surgeons

in Ontario, Canada did not receive surgery when followed up to

18 months after their initial ambulatory visit. In presenting these

findings we do not mean to imply that patients who needed

surgery did not receive it. The shape of the trajectory of time to

surgery (Figure 2) suggests that all patients needing surgery

received surgery, albeit after a wait time particularly for patients

with OA. On the contrary, the high proportion of non-surgical

patients across all diagnostic groups highlights the important role

that orthopaedic surgeons have in providing specialist input for

diagnosis and advice on management of patients with musculo-

skeletal injury, arthritis and other conditions.

Our findings raise several questions which are discussed below.

Firstly, does the high volume of non-surgical patients increase

waiting times for a first appointment with an orthopaedic surgeon

and thus impede access for individuals in urgent need of surgical

care? Secondly, given the high volume of non-surgical patients,

does everyone seeing an orthopaedic surgeon need the surgeon’s

special skills and could some be seen by others? Thirdly, related to

this, is the extent to which surgeons’ training, which focuses on

surgical skills, adequately prepares them for the non-surgical

management of MSD patients.

In many jurisdictions including Canada, there has been concern

about wait times, and specifically on the time elapsed between the

decision for surgery and the intervention with particular emphasis

on wait times for total joint replacement surgery[27–29]. Less

emphasis has been placed on wait time from referral to

orthopaedic consultation, which had been identified as a barrier

to timely access to orthopaedic care [30,31]. However, according

to a report by a Canadian organization concerned with public

policy the waiting time for an appointment to see an orthopaedic

surgeon is similar in magnitude to the wait time between the

decision for surgery and surgery [32]. The findings from this study

focuses attention on the wait time between referral and

appointment with the surgeon, the so-called ‘wait 19, sets

discussion of wait times in the larger context of the competing

priorities of all patients seen.

In response to concerns about wait times for orthopaedic

surgery and increasing demand, a diversity of alternative models of

care mainly located in hospital settings have been developed

especially in countries with publicly funded healthcare systems

[15,16,18,33].These models vary somewhat by type of health care

system. In fee-for-service settings, such as Canada, most models

have been developed in response to concerns about wait times for

joint replacement surgery, and have been fuelled by financial

incentives. They are targeted to ‘triage’ patients to surgery,

Figure 1. Number of patients with ambulatory visits to orthopaedic surgeons and non-surgical patients by diagnostic groups at
initial visit and age groups.
doi:10.1371/journal.pone.0065560.g001
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particularly those presenting for consideration of joint replacement

surgery[34–36]. Relatively less attention has been paid to the

needs for conservative management for those patients deemed

ineligible for surgery. Models to triage patients referred with non-

arthritis conditions or for consideration for surgery other than total

joint replacement are only just beginning to be developed. As this

study shows, only a minority of both surgical and non-surgical

patients seen by orthopaedic surgeons have arthritis, and less than

25% of all surgeries are joint replacement surgeries [20].

Furthermore, how and whether wait times to see a surgeon for

consideration of total joint replacement surgery might be affected

by the total spectrum of conditions presenting to orthopaedic

surgeons has received relatively little attention.

A somewhat different approach has been possible in health care

systems such as that of Australia and particularly the UK where

national standards are set by the Department of Health [37] and

where there is funding for salaried health care professionals. Here

a more comprehensive approach has been taken to reducing wait

times and improve management of MSD in general. These

approaches include models of care which use multi-disciplinary

teams as gatekeepers to orthopaedic care, [21,38–44] dealing with

the full spectrum of patients referred with MSD. Such teams

frequently include physiotherapists working in extended practice/

roles and may also include primary care physicians and other

health professions. Evaluation of these models has shown them to

be acceptable to patients, [38,41] and to have reduced wait times

from referral to first appointment, [41,45] lower costs [45] and an

increased surgical conversion rate for those patients who were

triaged to surgeons [21,42]. In cases where the teams are located

at the intersection of primary and secondary care a further benefit

Table 1. Characteristics of the cohort groups at initial ambulatory visit with orthopaedic surgeons (October 2004– September
2005), and proportion receiving non-surgical care within 18 months of initial visit.

With office visits Receiving non-surgical care

Number % Number %

All 477,945 100.0 379,147 79.3

Sex

Female 248,788 52.1 195,568 78.6

Male 229,157 47.9 181,324 79.1

Age at initial consult (years)

0–24 100,014 20.9 91,122 91.1

25–44 96,406 20.2 76,735 79.6

45–64 158,905 33.2 119,532 75.2

65+ 122,620 25.7 91,758 74.8

Income quintile

Quintile 1 (lowest) 81,510 17.1 65,441 80.3

Quintile 2 88,396 18.5 69,836 79.0

Quintile 3 92,559 19.4 73,050 78.9

Quintile 4 99,576 20.8 78,460 78.8

Quintile 5 (highest) 105,436 22.1 82,216 78.0

Missing 10,468 2.2 10,144 96.9

Diagnostic groups

One condition 423,625 88.6 345,088 81.5

a) Injury 228,825 47.9 193,398 84.5

Fractures & dislocations 90,764 19.0 85,227 93.9

Sprains & strains 86,800 18.2 70,916 81.7

Joint derangement 43,745 9.2 30,709 70.2

Other injuries 7,516 1.6 6,546 87.1

b) Arthritis 112,997 23.6 82,474 73.0

Osteoarthritis 66,471 13.9 43,206 65.0

Other arthritis 46,526 9.7 39,268 84.4

c) Bone and joint 63,620 13.3 53,289 83.8

Other and unspecified bone and joint 27,746 5.8 22,890 82.5

Spine 25,036 5.2 22,107 88.3

Bone 10,838 2.3 8,292 76.5

d) Other conditions1 18,183 3.8 15,927 87.6

Multiple conditions2 54,320 11.4 34,059 62.7

1.Includes cancer, circulatory diseases, and conditions of the childhood. 2. Range 2–7.
doi:10.1371/journal.pone.0065560.t001
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Figure 2. Cumulative percent curve for proportion of patients receiving orthopaedic surgery by diagnostic groups at initial
ambulatory visit to orthopaedic surgeons.
doi:10.1371/journal.pone.0065560.g002

Table 2. Predictors of receiving non-surgical care by diagnostic groups at the initial ambulatory visit to orthopaedic surgeons:
findings from multiple logistic regression.

Diagnostic group at initial visit Sex Age groups (Ref age 65+) Income quintile

Female vs Male 0–24 25–44 45–64
Q1 (lowest) vs Q5
(highest)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

One condition 1.09 1.08–1.10 3.57 3.45–3.70 1.30 1.27–1.33 1.02 1.00–1.04 1.20 1.18–1.23

a) Injury 1.25 1.23–1.27 2.38 2.33–2.44 0.79 0.76–0.81 0.72 0.70–0.75 1.32 1.27–1.37

Fractures & dislocations 1.33 1.27–1.41 2.70 2.44–3.03 0.74 0.68–0.80 0.65 0.61–0.70 1.79 1.67–1.92

Sprains & strains 1.10 1.06–1.14 2.17 2.04–2.33 1.10 1.05–1.15 0.96 0.92–1.01 1.08 1.01–1.15

Joint derangement 1.30 1.23–1.37 1.05 0.97–1.15 0.75 0.70–0.80 0.75 0.70–0.81 1.20 1.12–1.30

Other injuries 1.20 1.04–1.43 1.75 1.35–2.50 0.58 0.47–0.76 0.55 0.45–0.71 1.35 1.09–1.79

b) Arthritis 0.96 0.93–0.99 5.26 5.00–5.56 2.08 2.00–2.17 1.19 1.16–1.22 1.09 1.05–1.12

Osteoarthritis 0.97 0.94–1.00 3.23 2.44–4.76 1.67 1.56–1.79 1.02 0.98–1.06 1.12 1.06–1.19

Other arthritis 0.90 0.86–0.94 2.50 2.27–2.78 1.12 1.04–1.22 0.88 0.83–0.94 0.95 0.88–1.04

c) Bone and joint 0.88 0.84–0.92 2.33 2.17–2.50 1.00 0.94–1.06 0.90 0.85–0.95 1.19 1.11–1.28

Unspecified bone and joint disorders 1.12 1.05–1.20 1.82 1.64–2.04 0.88 0.80–0.97 0.81 0.75–0.88 1.18 1.05–1.33

Spine 0.96 0.88–1.05 2.63 2.27–3.13 1.22 1.10–1.37 1.32 1.19–1.47 1.11 0.98–1.28

Bone 0.58 0.52–0.65 3.03 2.56–3.70 0.88 0.76–1.05 0.76 0.68–0.87 1.03 0.88–1.23

d) Other conditions 1.06 0.97–1.18 1.85 1.61–2.17 0.85 0.73–1.03 0.74 0.64–0.88 0.88 0.76–1.04

Multiple conditions 1.05 1.02–1.09 2.22 2.08–2.38 1.22 1.16–1.28 0.97 0.93–1.02 1.14 1.08–1.20

All conditions 1.08 1.06–1.09 3.45 3.33–3.57 1.30 1.27–1.33 1.01 0.99–1.03 1.19 1.16–1.22

doi:10.1371/journal.pone.0065560.t002
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has been reduced referrals to secondary care with many patients

being treated with conservative management [42]. Evaluation of

the performance of extended scope physiotherapists in such roles

have good agreement with surgeons about diagnosis and/or need

for surgery[45–47].

The experience outlined above suggests that a proportion of

patients referred to orthopaedic surgeons could be seen by others,

particularly those needing conservative management. It is likely

that most of the patients seen were referrals by primary care

physicians. Studies show that primary care physicians lack training

in the management of arthritis and other MSD [48,49]. Their

need for support is reflected by the fact that one third of all doctors

visits for MSD are to specialists [2]. A review from the UK on the

quality of general practitioner diagnosis and referral [50] indicated

that a high proportion of referrals to orthopaedic surgeons were

assessed by specialists to be unnecessary, more appropriate for

rheumatology, [43] and that about half of referrals could have

been treated in community settings [51]. How support for the non-

surgical management of MSD can be provided and by whom is an

issue that needs to be grappled with as part of health care and

primary health care reform in Canada and elsewhere. Increasing

demand with the aging of the population and need for cost

containment is creating pressures for the transfer of clinical care

from hospital to primary care settings [52]. The findings from this

paper provide a background for discussion of models of care

possibly targeted to specific sub-populations, such as the younger

population who are less likely to need surgery or need care for

injuries. Such models could perhaps take advantage of existing

expertise, like sports medicine and physical therapy, to provide

specialist advice at the primary care level. Therefore facilitating

timely access to advice and conservative management of patients

with MSD and potentially averting some referrals to orthopaedic

surgeons which in turn reduce pressure on wait times for

orthopaedic consultation.

How best to provide specialist input into the conservative

management of MSD also raised the question of the extent to

which a surgeon’s training prepares them for this role. There have

been shown to be deficiencies in the physical examination

knowledge and skills of orthopaedic residents [53]. A recent

cohort study of patients with osteoarthritis referred to surgeons

showed more than half were not provided with information on

osteoarthritis, pain management or exercise [54]. Despite the high

proportion of non-surgical referrals, the role of orthopaedic

surgeons in the medical care of MSD and the training of surgeons

for the provision of non-surgical care is not widely recognized

[55,56].

The findings from this study also point to continued inequities in

access to surgery: individuals of low SES were less likely to visit

surgeons and were more likely to be non-surgical, as were women.

The gender and SES differences found in this study are in line with

previous studies on inequities in access to surgery[8,57–65]. SES

differences could reflect a variety of issues including patients’

ability to navigate the system as well as availability of services,

particularly in rural or low income areas. Such differences ideally

need to be factored into the further development of models of care.

This study, like all studies which use administrative data, has

several limitations; we have details of neither the reasons for

referral nor the factors influencing the surgeons’ decisions. Also we

have no information about what proportion were referrals from

other than primary care physicians, came via the emergency

room, or where follow-up visits by patients with surgeries more

than six months earlier. To create the cohort several somewhat

arbitrary assumptions were made; we excluded patients with likely

emergency surgery and those whose visits were assumed to be

follow-up visits from surgery in the previous six months. However,

the number of patients excluded was relatively small. Linking

surgeries to the physician billings database is not straightforward.

The ambulatory and hospital care databases used different

classifications of diagnosis (a sub-set of ICD-9 codes for

ambulatory visits data and ICD-10 for data on hospitalizations),

and therefore the codes used in the two databases may not be

equivalent making it difficult to directly attribute the surgery to a

previous visit. This could lead to errors in our estimate of the

proportion in each diagnostic group having surgery and also

means that we cannot estimate wait times.

A strength of this study is that it captures all ambulatory visits to

orthopaedic surgeons in the total population of the largest

province in Canada. We do not think that high proportion of

non-surgical patients indicates that patients who needed surgery

were not getting it. Our sensitivity analysis of time to surgery

(Figure 2) showed it is unlikely that a longer follow-up period

would have substantially changed these results. The high

proportion of non-surgical patients is also compatible with

estimates that can be derived from a paper presenting data on a

capitated population in the US, [23] and two UK reports [21,22].

It is also compatible with surveys of Ontario Orthopaedic

Surgeons that showed half of a surgeons’ time was spent in

office-based care [10].

Conclusions
This paper provides evidence to contribute to a debate on

resource allocation and delivery of services to meet the needs of

patients with musculoskeletal disorders. Four out of five patients

did not receive surgery following an orthopaedic surgeon visit.

While it is likely that all patients needing surgery received it,

further investigation is needed to determine whether the high

caseload of non-surgical cases affects waiting times for appoint-

ments to see a surgeon, and is thus a barrier for access to timely

surgical intervention for those in urgent need. An implication of

our findings is that there may be a need to develop alternative

strategies to provide ‘specialist’ input for non-surgical musculo-

skeletal care, particularly with the anticipated increasing demands

for surgery as the population ages. Such models could also

contribute to optimizing the use of orthopaedic surgeon time, and

at the same time enhance the management of musculoskeletal

disorders in primary care. Many of the non-surgical patients had

injury and/or were more likely to be younger, suggesting the

possibility of targeted models of care. This paper provides the

beginning of an evidence-base from which to develop strategies to

streamline access to care for those who need surgery, and to

develop interventions to meet the needs of those who do not.

Author Contributions

Conceived and designed the experiments: EB MC CM NM AMD.

Analyzed the data: MC. Wrote the paper: EB MC CM NM AMD.

References

1. Hootman JM, Helmick CG, Schappert SM (2002) Magnitude and character-

istics of arthritis and other rheumatic conditions on ambulatory medical care

visits, United States, 1997. Arthritis Rheum 47: 571–581.

2. MacKay C, Canizares M, Davis AM, Badley EM (2010) Health care utilization

for musculoskeletal disorders. Arthritis Care Res 62: 161–169.

3. Birrell F, Felson D (2009) The age of osteoarthritis. Age Ageing 38: 2–3.

Use of Orthopaedic Surgeon Services

PLOS ONE | www.plosone.org 6 June 2013 | Volume 8 | Issue 6 | e65560



4. Buckwalter JA, Heckman JD, Petrie DP (2003) An AOA critical issue: aging of
the North American population: new challenges for orthopaedics. J Bone Joint

Surg Am 85-A: 748–758.

5. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, et al. (2007)

Incidence and Economic Burden of Osteoporosis-Related Fractures in the
United States, 2005–2025. Journal of Bone and Mineral Research 22: 465–475.

6. Haralson RH III, Zuckerman JD (2009) Prevalence, health care expenditures,

and orthopedic surgery workforce for musculoskeletal conditions. JAMA
302(14): 1586–7.

7. Perruccio AV, Power JD, Badley EM (2006) Revisiting arthritis prevalence
projections–it’s more than just the aging of the population. Journal of

Rheumatology 33(9): 1856–62.

8. Dixon T, Shaw M, Ebrahim S, Dieppe P (2004) Trends in hip and knee joint

replacement: socioeconomic inequalities and projections of need. Ann Rheum
Dis 63: 825–830.

9. Holland R, Harvey I (2003) Population needs assessment and knee replacement
surgery. Rheumatology 42: 503–506.

10. Badley EM, Canizares M, Mahomed N, Veinot P, Davis AM (2011) Provision of
orthopaedic workforce and implications for access to orthopaedic services in

Ontario. Journal of Bone & Joint Surgery - American Volume 93(9): 863–70.

11. Etzioni DA, Liu JH, Maggard MA, Ko CY (2003) The aging population and its

impact on the surgery workforce. Ann Surg 238: 170–177.

12. Iorio R, Robb WJ, Healy WL, Berry DJ, Hozack WJ, et al. (2008) Orthopaedic
surgeon workforce and volume assessment for total hip and knee replacement in

the United States: preparing for an epidemic. J Bone Joint Surg Am 90(7): 1598–
1605.

13. Shipton D, Badley EM, Mahomed NN (2003) Critical shortage of orthopaedic
services in Ontario, Canada. J Bone Joint Surg Am 85-A(9): 1710–5.

14. Dimakou S, Parkin D, Devlin N, Appleby J (2009) Identifying the impact of
government targets on waiting times in the NHS. Health Care Management

Science 12(1): 1–10.

15. Siciliani L, Hurst J (2005) Tackling excessive waiting times for elective surgery: a

comparative analysis of policies in 12 OECD countries. Health Policy 72(2):

201–15.

16. Willcox S, Seddon M, Dunn S, Edwards RT, Pearse J, et al. (2007) Measuring

and reducing waiting times: a cross-national comparison of strategies. Health
Affairs 26(4): 1078–87, -Aug.

17. De CC, McMillan S, Brant R, McGurran J, Noseworthy T (2007) The Western
Canada Waiting List Project: development of a priority referral score for hip and

knee arthroplasty. J Eval Clin Pract 13: 192–196.

18. Kreindler SA (2010) Policy strategies to reduce waits for elective care: a synthesis

of international evidence. Br Med Bull 95: 7–32.

19. Cooper ZN, McGuire A, Jones S, Le GJ (2009) Equity, waiting times, and NHS

reforms: retrospective study. BMJ 339: b3264.

20. Canizares M, MacKay C, Davis AM, Mahomed N, Badley EM (2009) A

population-based study of ambulatory and surgical services provided by

orthopaedic surgeons for musculoskeletal conditions. BMC Health Services
Research 9: 56.

21. Rymaszewski LA, Sharma S, McGill PE, Murdoch A, Freeman S, et al. (2005) A
team approach to musculo-skeletal disorders. Annals of the Royal College of

Surgeons of England 87(3): 174–80.

22. The Chartered Society of Physiotherapy (2004) Making physiotherapy count.

London: The Chartered Society of Physiotherapy.

23. Brinker MR, O’Connor DP, Pierce P, Woods GW, Elliott MN (2002) Utilization

of orthopaedic services in a capitated population. J Bone Joint Surg Am 84-A:
1926–1932.

24. Ontario Ministry of Health and Long-Term Care (2008) Schedule of Benefits for
Physician Services under the Health Insurance Act. Ontario Ministry of Health

and Long-Term Care.

25. Borugian MJ, Spinelli JJ, Mezei G, Wilkins R, Abanto Z, et al. (2005) Childhood

leukemia and socioeconomic status in Canada. Epidemiology 16: 526–531.

26. Canadian Institute for Health Information (2003) Coping with the introduction
of ICD-10-CA and CCI. Ottawa: Canadian Institute for Health Information.

27. Cipriano LE, Chesworth BM, Anderson CK, Zaric GS (2007) Predicting joint
replacement waiting times. Health Care Management Science 10(2): 195–215.

28. Gaudet MC, Ehrmann FD, Rossignol M, Zukor D, Tanzer M, et al. (2007) The
wait for total hip replacement in patients with osteoarthritis. Can J Surg 50: 101–

109.

29. Hacker J, Stanistreet D (2004) Equity in waiting times for two surgical specialties:

a case study at a hospital in the North West of England. J Public Health (Oxf) 26:
56–60.

30. Fitzpatrick R, Norquist JM, Reeves BC, Morris RW, Murray DW, et al. (2004)
Equity and need when waiting for total hip replacement surgery. J Eval Clin

Pract 10: 3–9.

31. Snider MG, MacDonald SJ, Pototschnik R (2005) Waiting times and patient

perspectives for total hip and knee arthroplasty in rural and urban Ontario.[see

comment]. Canadian Journal of Surgery 48(5): 355–60.

32. Barua B, Rovere M, Skinner BJ (2011) Waiting Your Turn: Wait Times for

Health Care in Canada, 2011 Report.

33. MacKay C, Veinot P, Badley E (2008) Characteristics of evolving models of care

for arthritis: A key informant study. BMC Health Services Research 8: 147.

34. Aiken AB, Harrison MM, Atkinson M, Hope J (2008) Easing the burden for

joint replacement wait times: the role of the expanded practice physiotherapist.
Healthcare Quarterly 11(2): 62–6.

35. Aiken AB, Harrison MM, Hope J (2009) Role of the advanced practice
physiotherapist in decreasing surgical wait times. Healthcare Quarterly 12(3):

80–3.

36. Robarts S, Kennedy D, MacLeod AM, Findlay H, Gollish J (2008) A framework
for the development and implementation of an advanced practice role for

physiotherapists that improves access and quality of care for patients. Healthcare

Quarterly 11(2): 67–75.

37. Department of Health (2002) Delivering the NHS Plan: next steps on

investment, next steps on reform. London. Great Britain: National Health
Service, Great Britain. Dept. of Health.

38. Baker R, Sanderson-Mann J, Longworth S, Cox R, Gillies C (2005) Randomised

controlled trial to compare GP-run orthopaedic clinics based in hospital
outpatient departments and general practices.[see comment]. British Journal of

General Practice 55(521): 912–7.

39. Bridgman S, Li X, Mackenzie G, Dawes P (2005) Does the North Staffordshire
slot system control demand of orthopaedic referrals from primary care?: A

population-based survey in general practice. British Journal of General Practice

55(518): 704–9.

40. Hattam P, Smeatham A (1999) Evaluation of an orthopaedic screening service in

primary care. Clinical Performance & Quality Health Care 7(3): 121–4, -Sep.

41. Schoch PA, Adair L (2012) Successfully reforming orthopaedic outpatients.
Australian Health Review 36(2): 233–7.

42. Sephton R, Hough E, Roberts SA, Oldham J (2010) Evaluation of a primary

care musculoskeletal clinical assessment service: a preliminary study. Physio-
therapy 96(4): 296–302.

43. Speed CA, Crisp AJ (2005) Referrals to hospital-based rheumatology and

orthopaedic services: seeking direction.[see comment]. Rheumatology 44(4):
469–71.

44. Truscott JM, Townsend JM, Arnold EP (2007) A successful nurse-led model in

the elective orthopaedic admissions process. New Zealand Medical Journal
120(1265): U2799.

45. Stanhope J, Grimmer-Somers K, Milanese S, Kumar S, Morris J (2012)
Extended scope physiotherapy roles for orthopedic outpatients: an update

systematic review of the literature. J Multidiscip Healthc 5: 37–45.

46. MacKay C, Davis AM, Mahomed N, Badley EM (2009) Expanding roles in
orthopaedic care: a comparison of physiotherapist and orthopaedic surgeon

recommendations for triage. J Eval Clin Pract 15: 178–183.

47. McPherson K, Kersten P, George S, Lattimer V, Breton A, et al. (2006) A
systematic review of evidence about extended roles for allied health

professionals. [Review] [46 refs]. Journal of Health Services & Research Policy

11(4): 240–7.

48. Akesson K, Dreinhofer KE, Woolf AD (2003) Improved education in

musculoskeletal conditions is necessary for all doctors. Bulletin of the World
Health Organization 81(9): 677–83.

49. Glazier RH, Dalby DM, Badley EM, Hawker GA, Bell MJ, et al. (1996)

Management of the early and late presentations of rheumatoid arthritis: a survey
of Ontario primary care physicians. CMAJ 155: 679–687.

50. Foot C, Naylor C, Immison C (2010) The quality of GP diagnosis and referral.

London, UK: The King’s Fund.

51. Clews G (2006) Primary care. On the right track. Health Serv J 116: suppl-3.

52. Mable A, Marriot J (2012) Canadian primary healthcare policy–The evolving

status of reform. Ottawa: Canadian Health Services Research Foundation.

53. Beran MC, Awan H, Rowley D, Samora JB, Griesser MJ, et al. (2012)
Assessment of musculoskeletal physical examination skills and attitudes of

orthopaedic residents. Journal of Bone & Joint Surgery - American Volume
94(6): e36.

54. McHugh GA, Campbell M, Luker KA (2012) Quality of care for individuals

with osteoarthritis: a longitudinal study. Journal of Evaluation in Clinical
Practice 18(3): 534–41.

55. American Orthopaedic Association (2005) Leadership in orthopaedics: taking a

stand to own the bone. American Orthopaedic Association position paper.[see
comment]. J Bone Joint Surg Am 87(6): 1389–1391.

56. Boden SD, Einhorn TA, Morgan TS, Tosi LL, Weinstein JN (2005) An AOA

critical issue. The future of the orthopaedic surgeon-proceduralist or keeper of
the musculoskeletal system? J Bone Joint Surg Am 87: 2812–2821.

57. Agabiti N, Picciotto S, Cesaroni G, Bisanti L, Forastiere F, et al. (2007) The

influence of socioeconomic status on utilization and outcomes of elective total
hip replacement: a multicity population-based longitudinal study. Int J Qual

Health Care 19: 37–44.

58. Borkhoff CM, Hawker GA, Wright JG (2011) Patient gender affects the referral
and recommendation for total joint arthroplasty. [Review]. Clinical Orthopae-

dics & Related Research 469(7): 1829–37.

59. Cookson R, Dusheiko M, Hardman G (2007) Socioeconomic inequality in small
area use of elective total hip replacement in the English National Health Service

in 1991 and 2001. J Health Serv Res Policy 12 Suppl 1: S1-S7.

60. Dykes DC, White AA III (2009) Getting to equal: strategies to understand and

eliminate general and orthopaedic healthcare disparities. [Review] [77 refs].

Clinical Orthopaedics & Related Research 467(10): 2598–605.

61. Judge A, Welton NJ, Sandhu J, Ben-Shlomo Y (2010) Equity in access to total

joint replacement of the hip and knee in England: cross sectional study. BMJ

341: c4092.

62. Milner PC, Payne JN, Stanfield RC, Lewis PA, Jennison C, et al. (2004)

Inequalities in accessing hip joint replacement for people in need. European

Journal of Public Health 14(1): 58–62.

Use of Orthopaedic Surgeon Services

PLOS ONE | www.plosone.org 7 June 2013 | Volume 8 | Issue 6 | e65560



63. Morris S, Sutton M, Gravelle H (2005) Inequity and inequality in the use of

health care in England: an empirical investigation. Soc Sci Med 60: 1251–1266.
64. Yong PF, Milner PC, Payne JN, Lewis PA, Jennison C (2004) Inequalities in

access to knee joint replacements for people in need. Ann Rheum Dis 63: 1483–

1489.

65. Strope SA, Sarma A, Ye Z, Wei JT, Hollenbeck BK (2009) Disparities in the use

of ambulatory surgical centers: a cross sectional study. BMC Health Services

Research 9: 121.

Use of Orthopaedic Surgeon Services

PLOS ONE | www.plosone.org 8 June 2013 | Volume 8 | Issue 6 | e65560


