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Abstract

Background: The ongoing process of population aging is associated with an increase in prevalence of
musculoskeletal conditions with a concomitant increase in the demand of orthopaedic services. Shortages
of orthopaedic services have been documented in Canada and elsewhere. This population-based study
describes the number of patients seen by orthopaedic surgeons in office and hospital settings to set the
scene for the development of strategies that could maximize the availability of orthopaedic resources.

Methods: Administrative data from the Ontario Health Insurance Plan and Canadian Institute for Health
Information hospital separation databases for the 2005/06 fiscal year were used to identify individuals
accessing orthopaedic services in Ontario, Canada. The number of patients with encounters with
orthopaedic surgeons, the number of encounters and the number of surgeries carried out by orthopaedic
surgeons were estimated according to condition groups, service location, patient's age and sex.

Results: In 2005/06, over 520,000 Ontarians (41 per 1,000 population) had over 1.3 million encounters
with orthopaedic surgeons. Of those 86% were ambulatory encounters and 4% were in hospital
encounters. The majority of ambulatory encounters were for an injury or related condition (44%) followed
by arthritis and related conditions (37%). Osteoarthritis accounted for 16% of all ambulatory encounters.
Orthopaedic surgeons carried out over 140,000 surgeries in 2005/06: joint replacement accounted for
25% of all orthopaedic surgeries, whereas closed repair accounted for 6% and reductions accounted for
21%. Half of the orthopaedic surgeries were for arthritis and related conditions.

Conclusion: The large volume of ambulatory care points to the significant contribution of orthopaedic
surgeons to the medical management of chronic musculoskeletal conditions including arthritis and injuries.
The findings highlight that surgery is only one component of the work of orthopaedic surgeons in the
management of these conditions. Policy makers and orthopaedic surgeons need to be creative in
developing strategies to accommodate the growing workload of orthopaedic surgeons without sacrificing
quality of care of patients with musculoskeletal conditions.
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Background

Musculoskeletal conditions are the most prevalent
chronic conditions in developed countries|[1-3] affecting
20% to 40% of the adult population. As the symptoms of
the majority of these conditions last more than a year they
offer challenges for the right level of provision of care at
the right time. These are a diverse group of conditions that
include arthritis, soft-tissue disorders (such as bursitis and
tendonitis), back pain, and injury to the bones, joints and
supporting tissues (such as fractures, dislocations and
sprains and strains). This group of conditions has a major
financial impact on society. A study of the economic bur-
den of illness to the Canadian society has shown that
musculoskeletal conditions were among the most costly
chronic conditions with a large proportion of the cost
associated with disability and lost productivity [4].

The prevalence of many of these conditions is increasing
with the aging of the baby boomer population. For exam-
ple, the prevalence of arthritis in Canada is estimated to
increase from 17% to 26% by 2021 [5], with similar
increases projected for the US [6]. Besides aging, increas-
ing rates of obesity in the population are also likely to
contribute to an increase in the incidence of osteoarthritis,
especially of the knee [7,8]. The number of hip fractures
in the population 65 years or older is also expected to
increase over the next decades [9,10]. This increase in the
number of individuals with musculoskeletal problems
will affect the demand for health services in the near
future.

Musculoskeletal conditions are managed by many health
care professionals ranging from primary to specialist care.
Among specialists, orthopaedic surgeons are essential in
providing musculoskeletal care. In Canada, 15% of indi-
viduals visiting physicians for musculoskeletal conditions
saw an orthopaedic surgeon at least once [11] while in the
us over 19% of all ambulatory visits for musculoskeletal
conditions were made to an orthopaedic surgeon [12].
Nevertheless, despite the major contribution to ambula-
tory care, much of the attention on the role of orthopaedic
surgeons tends to be focused on surgical services, with
waiting times and access to operating rooms and associ-
ated hospital care being an issue in many jurisdictions
[13-15].

Studies of orthopaedic manpower have shown an overall
decline in the number of orthopaedic surgeons practicing
in Ontario with an increase in their average age [16,17].
The situation in Ontario mirrors the overall picture in
Canada where a shortfall of 400 orthopaedic surgeons to
meet demand for these services has been reported [13].
Studies in the US have focused on predicting the impact
of the aging population on the surgical workforce. Find-
ings indicate that the demand for orthopaedic surgery will
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increase substantially in the near future and that the US
will be facing a shortage of orthopaedic surgeons as it
attempts to meet that demand [9,18,19].

These shortages of orthopaedic surgeons represent a
major challenge for the healthcare system to provide both
timely access and quality care to people with musculoskel-
etal problems. Therefore, the examination of the clinical
practice patterns of orthopaedic surgeons in office and
hospital settings is crucial to develop evidence-based strat-
egies in order to maximize the availability of orthopaedic
surgical resources within the context of the healthcare
services needed by people with musculoskeletal condi-
tions. The purpose of this study was to examine the
number and characteristics of patients seen by orthopae-
dic surgeons in a defined population within one year in
ambulatory as well as hospital settings.

Methods

This is a cross-sectional population-based study of the res-
idents of Ontario, Canada who accessed orthopaedic serv-
ices in the fiscal year 2005/06 (April 1st through March
31st). Ontario has a publicly funded healthcare system
which covers all medically necessary physician visits and
procedures. Therefore the analyses, which are based on all
encounters by Ontarians of all ages with an orthopaedic
surgeon in the fiscal year 2005/06, can be considered to be
representative of the total population accessing orthopae-
dic services.

Each encounter represents a discharge of a hospital inpa-
tient, an ambulatory visit to an orthopaedic surgeon, a
visit to an emergency department or a day surgery.
Encounters in ambulatory settings (e.g. doctor's office,
hospital outpatient departments) were identified through
the Ontario Health Insurance Plan (OHIP) physician
claim database [20]. Encounters that occurred in hospital
settings (inpatient, emergency departments or encounters
for day surgery) were identified through the Canadian
Institute for Health Information (CIHI) hospital separa-
tion databases [21].

Ambulatory encounters

In Ontario, physicians are reimbursed after submitting
claims to OHIP for each service provided. The database
includes associated diagnosis and individual demo-
graphic information. The OHIP diagnostic codes are a
subset of codes from the International Classification of
Diseases, 9th Revision (ICD-9) [22]. In addition to a diag-
nostic code, each physician claim also provides a unique
patient identification number, doctor identification
number, and fee codes based on the type of services/pro-
cedures received during the visit. Physician specialty was
identified by linking the physician identifier in the claims
database to the Ontario Physician Workforce Database,
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which records all registered physicians in Ontario. Ortho-
paedic surgeons service claims submitted during the fiscal
year 2005/06 were extracted. Ambulatory encounters were
obtained by removing claims for associated diagnostic
and therapeutic tests and procedures, as well as claims
generated during hospitalizations and emergency depart-
ment visits to avoid duplication when counting the
number of encounters. All claims made by the same phy-
sician on the same date for the same patient were consid-
ered one encounter.

Hospital encounters

All hospitals in Ontario are required to submit demo-
graphic and clinical information about all hospital admis-
sions and discharges, including transfers and deaths, to
CIHI. Trained hospital medical records staff transcribe
information from each patient's medical chart using
standard diagnosis and procedure codes (International
Classification of Diseases, 10t revision and Canadian
Classification of Health Interventions) [21]. The data-
bases also include patient's age, sex and location of resi-
dence as well as hospital-based services (health care
providers, procedures and diagnoses), in-hospital out-
comes and length of hospital stay. All hospital discharges
from individuals from Ontario during the fiscal year
2005/06 that had an orthopaedic surgeon listed in any
field corresponding to a health care provider were
included for analysis. Hospital encounters included hos-
pital discharges, day surgeries, and visits to emergency
departments.

Condition groups

In both ambulatory and hospital encounters databases
equivalent condition groups were created. These groups
are based on those used in previous work [5] and devel-
oped in consultation with an orthopaedic surgeon (NM).
Diagnostic codes were collapsed into four condition
groups: arthritis and related conditions, injury and related
conditions, bone and joint conditions, and other condi-
tions (Additional file 1). The arthritis and related group
included conditions like osteoarthritis, rheumatoid arthri-
tis, connective tissue disorders and soft tissue disorders.
Injury and related conditions included fractures, disloca-
tions, strains, sprains, and other injuries. Bone and joint
conditions included other conditions of the spine, bone
conditions such as foot deformities, and unspecified bone
and joint conditions, which are ill-defined symptoms
such as leg pain or joint pain. Other conditions include a
range of diagnoses not intrinsically related to the muscu-
loskeletal system such as cancer, cellulitis and abscess, and
congenital anomalies. In the ambulatory visits database,
physicians are allowed to record one diagnostic code per
visit. However, in the hospital databases multiple diag-
noses can be recorded. Condition groups were assigned
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based on the most responsible diagnosis (diagnosis that
significantly contributed to the length of stay) [21].

Surgical groups

Data on the type of orthopaedic surgical procedure were
obtained from the CIHI databases. Since 2002 surgical
procedures are coded using the Canadian Classification of
Health Interventions (CCI). This is a classification system
that is organized first by body region and then by main
types of interventions. As there were no published data on
surgical groupings for classification, a comprehensive list
of procedures relevant to the musculoskeletal system was
created and procedure codes were categorized according
to clinical relevance and frequency of the procedures. The
groups were created in consultation with an orthopaedic
surgeon (NM). Surgical groups were created for six major
types of orthopaedic surgery: joint replacement, closed
repair (including arthroscopic meniscectomy, arthro-
scopic debridement), open repair (including repair of lig-
aments, osteotomy, tendinoplasty), reduction with or
without fixation, spinal surgery (fusion, sequestrectomy
spinal vertebrae), and other surgery (including amputa-
tion, surgical immobilization, and fusion other than spi-
nal).

In addition, the anatomic location of the surgery was
recorded and was grouped as follows: hip (pelvis, femoral
neck and head, proximal femur), knee (distal femur, knee
joint, proximal tibia, patella, and proximal fibula), shoul-
der and elbow (neck, scapula, clavical, humerus, ulnar
head and proximal radius), hand and wrist (distal radius
and ulna, carpals bone, metacarpal bones, phalanges),
ankle and foot (distal tibia and fibula, tarsal bones, meta-
tarsal bones, phalanges), and spine. Surgeries were further
classified as day surgeries, inpatient elective, and inpatient
non-elective surgeries based on the admission status vari-
able in CIHI datasets.

Statistical analysis

The amount of care provided by orthopaedic surgeons
was measured as the number of encounters with ortho-
paedic surgeons and the number of surgeries carried out
by orthopaedic surgeons. The mean number of ambula-
tory visits per patient was also estimated. Patients with vis-
its for more than one condition in a particular group were
counted within each condition, but once when counting
the number of patients with visits for the group as a
whole. A similar approach was used when counting the
overall number of patients with ambulatory visits.

Descriptive analyses were conducted for the number of
encounters, number of patients and number of surgeries
by service location, condition groups, patient's age and
sex. Poisson regression was used to examine the statistical
differences in the number of surgeries among condition
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groups, age groups and sex. A two-tailed p-value of 0.05
was considered significant.

Ethics
The study was approved by the institutional review board
of Sunnybrook Health Sciences Centre.

Results

The number and characteristics of encounters with ortho-
paedic surgeons in hospital and ambulatory settings by
condition groups is presented in Table 1. There were 1.3
millions encounters with orthopaedic surgeons in
Ontario in 2005/06, 86% of which took place in ambula-
tory settings and the remaining 14% in hospital settings.
In both ambulatory and hospital settings the most com-
mon conditions seen were injury and related conditions
and arthritis and related conditions. Injury and related
conditions were seen more often in emergency depart-
ments and arthritis and related conditions were most
common in patients for day surgeries. The proportion
accounted for by arthritis and related conditions in inpa-
tient hospitalizations was similar to the proportion
accounted for injury and related conditions.

Ambulatory care provided by orthopaedic surgeons

Table 2 presents the characteristics of ambulatory encoun-
ters by condition and condition groups. The 1.1 million
ambulatory encounters with orthopaedic surgeons repre-
sent visits made by 438 thousand individuals (35 per
1,000 population), a mean of 2.2 visits per person. Indi-
viduals who consulted orthopaedic surgeons for injury
and related conditions made on average more visits than
any other condition studied. On average individuals with
arthritis and related conditions reported 2.1 ambulatory
encounters with orthopaedic surgeons with 50% report-
ing only one ambulatory encounter. Women with arthritis
and related conditions and bone and joint conditions
had, on average more encounters than men with the same
condition, respectively. Women and men had similar
number of visits for injury and related conditions or other
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conditions. In general, the average number of visits per
patient increased slightly with age for both men and
women and for all conditions studied (Data not shown).

Surgery provided by orthopaedic surgeons

Orthopaedic surgeons performed over 140 thousand sur-
geries in 2005/06 (12 per 1,000 population) (Table 3).
Half of them were for arthritis and related conditions, one
third were for injury and related conditions and one-tenth
were for bone and joint conditions. Three-fifths of all sur-
geries were inpatient procedures, with only slightly more
elective than non-elective surgeries. Day surgeries
accounted for two fifths of all surgeries carried out.

The number of surgeries according to surgical groups is
also presented in Table 3. A quarter of those surgeries were
joint replacement and over a fifth were reductions with or
without fixations, Spinal surgery accounted for a small
(3.5%) proportion of all surgeries carried out by ortho-
paedic surgeons. The most common types of surgical
interventions performed in patients with arthritis and
related diagnosis were joint replacement and closed
repairs; whereas reductions and joint replacement were
the most common surgeries carried out on patients with
injury and related conditions. Among patients with bone
and joint conditions, open repairs was the most common
type of surgery performed.

In terms of anatomic location, surgeries of the knee were
most common, accounting for over 40% of all surgeries,
followed by the hip (18%), the shoulder and elbow
(17%) and foot and ankle (12%)(Table 3). The knee was
the most common joint operated for patients with arthri-
tis and related conditions and the ankle and foot among
those with surgeries for bone and joint conditions.

Results from Poisson regression modeling showed that
the number of surgeries performed by orthopaedic sur-
geons varied according to patient's age and sex (p =
0.0088) (Figure 1). The total number of surgeries

Table I: Number and characteristics of encounters with orthopaedic surgeons in ambulatory and hospital settings, Ontario 2005/06

All Injury and related Arthritis and related Bone and joint Other
conditions conditions conditions conditions conditions
Number % Number % Number % Number %

All settings 1,308,109 569,375 43.5 495,552 37.9 159,555 12.2 83,627 6.4
Ambulatory 1,125,800 496,042 44.1 420,697 37.4 141,089 12.5 67,972 6.0
Hospital 182,309 73,333 40.2 74,855 41.1 18,466 10.1 15,655 8.6

Inpatient 87,999 38,710 44.0 36,591 41.6 8,239 9.4 4,459 5.0

Day Surgery 61,831 8,044 13.0 36,806 59.5 8,759 14.2 8,222 13.3

Emergency 32,479 26,579 81.8 1,458 45 1,468 4.5 2,974 9.2

Department
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Table 2: Ambulatory encounters with orthopaedic surgeons for musculoskeletal conditions in Ontario 2005/06.

Condition Number of Persons visiting per  Mean number Ratio Proportion with encounters
persons* 10,000 population of visits per Women:
person Men
I 20r3 4 or
more
All conditions 438,228 350.2 2.2 1.2 47.6 36.2 16.2
Injury and Related 211,240 168.8 2.3 1.0 38.2 43.1 18.7
Fractures & 116,614 93.2 2.5 1.0 33.6 46.3 20.1
dislocations
Strains and sprains 96,846 774 2.1 1.0 50.3 348 14.9
Other injuries 8,982 7.2 2.3 1.0 45.5 354 19.1
Arthritis and Related 186,361 148.9 2.1 1.2 50.6 33.5 15.9
Osteoarthritis 91,505 73.1 22 1.5 485 333 18.2
Rheumatoid arthritis 2,269 1.8 2.3 2.5 49.7 30.6 19.7
Traumatic arthritis 1,502 1.2 2.4 1.0 47 4 314 21.2
Joint derangements 54,002 43.2 2.0 0.8 514 355 13.1
Synovitis 29,761 238 2.0 1.2 544 326 13.0
Ankylosing spondylitis 368 0.3 1.5 1.2 453 389 15.8
Other arthritis 20,639 16.5 22 1.2 52.6 31.6 15.8
Bone and Joint 71,233 56.9 2.0 1.4 56.7 30.7 12.6
Other spine 27,399 21.9 1.8 1.3 60.3 30.2 9.5
Bone disorders 13,627 10.9 2.0 24 58.1 26.8 15.1
Unspecified bone & 31,394 25.1 2.1 1.2 52.9 329 14.2
joint
Other conditions 20,572 16.4 2.3 0.9 51.1 32.0 16.9

* Numbers do not add up to totals within each condition group because patients may visit for more than one condition

increased with age among women; however, among men,
the number of surgeries increased with age up to the age
of 54 years and then showed a considerable decline.
Among individuals 44 years or younger the number of
surgeries was higher in men than women and among indi-
viduals 55 years or older the opposite was observed. The
pattern of surgery with age varied according to underlying
condition (p < 0.0001). The volume of surgeries for arthri-
tis and related conditions increased with age for men and
women until age 64 years and then declined for those 65
years or older The volume of surgeries for injury and
related conditions was higher in younger men (less than
age 55) and in older women (64 years or older, and par-
ticularly those 75 years or older).

Discussion

Our findings point to the wide scope of the work of ortho-
paedic surgeons in dealing with musculoskeletal condi-
tions in the population including arthritis, injury and
bone and joint conditions in both ambulatory and hospi-
tal settings. It begins to set work in the operating room in
the context of all patients seen, and points to the major
contribution made by orthopaedic surgeons to the ambu-
latory care of individuals with musculoskeletal condi-
tions.

Overall, the results reported here demonstrate that the
number of encounters with patients and the number of

patients seen in ambulatory settings is much higher than
the number of surgical procedures carried out. Although
we were not able to take into account the fact that encoun-
ters involving a surgical procedure are likely to be more
time consuming than an ambulatory visit, these findings
are consistent with the results of surveys of Ontario ortho-
paedic surgeons indicating that on average they only
spend a third of their time in the operating room [16,17].
It is clear from the spectrum of patients seen in ambula-
tory care by orthopaedic surgeons that patients are
referred for advice on non-surgical as well surgical man-
agement of a wide range of musculoskeletal problems. It
is not known what proportion of patients seen by sur-
geons eventually have surgery. Analysis of linked data for
a number of years would be necessary to establish this.
However, the situation reported in this paper is similar to
the one in other western nations [12,23-25], and is in line
with reports from a range of settings and patients popula-
tions that show that 30% or less of patients who see an
orthopaedic surgeon are candidates for surgery [26,27]. A
potential concern is the extent to which the high propor-
tion of non-surgical patients might lengthen waiting times
for consultation with orthopaedic surgeons, and delay
treatment of patients in urgent need for surgery. Further
studies are needed to address this.

Orthopaedic surgeons have high volume of encounters

for injury and related conditions both in ambulatory care
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Table 3: Number of surgeries carried out by orthopaedic surgeons by selected characteristics, Ontario 2005/06.

All conditions Arthritis and Injury and Bone and joint Other
related related conditions conditions
conditions conditions
# (%) # (%) # (%) # (%) # (%)
All surgeries 144,705 (100.0) 72,262 (49.9) 47,449 (32.8) 15,784 (10.9) 9,210 (6.4)
Type of surgery*
Day surgery 59,422 (41.1) 36,284 (50.2) 7,987 (16.8) 8,321 (52.7) 6,830 (74.2)
Inpatient elective 43,340 (30.0) 34,990 (48.4) - 6,436 (40.8) 1,914 (20.8)
Inpatient non-elective 37,005 (25.6) 806 (I.1) 34,979 (73.7) 864 (5.5) 356 (3.9)
Surgical groups
Joint replacement 36,367 (25.1) 28,278 (39.1) 6,953 (14.7) 1,077 (6.8) 59 (0.7)
Reduction with or without 31,494 (21.8) 370 (0.5) 29,272 (61.7) 1,658 (10.5) 194 (2.1)
fixation
Closed repair 24,060 (16.6) 21,804 (30.2) 1,445 (3.0) 800 (5.1) I (0.1)
Open repair 16,914 (11.7) 6,945 (9.6) 3,688 (7.8) 5794 (36.7) 487 (5.3)
Spinal surgery 5,090 (3.5) 1,239 (1.7) 1,198 (2.5) 2,183 (13.8) 470 (5.1)
Other 30,780 (21.3) 13,626 (18.9) 4,893 (10.3) 4,272 (27.1) 7,989 (86.7)
Anatomic location
Knee 61,256 (42.3) 46,940 (65) 10,158 (21.4) 2,245 (14.2) 1,913 (20.8)
Hip 26,398 (18.2) 10,067 (13.9) 13,998 (29.5) 1,582 (l0.1) 751 (8.1)
Shoulder/elbow 24,535 (17.0) 9,589 (13.3) 11,740 (24.8) 1,963 (12.4) 1,243 (13.5)
Ankle/foot 18,664 (12.9) 2,387 (3.3) 7,083 (14.9) 7,025 (44.5) 2,169 (23.6)
Hand/wrist 8,762 (6.1) 2,040 (2.8) 3,272 (6.9) 786 (5.0) 2,664 (28.9)
Spine 5,090 (3.5) 1,239 (1.7) 1,198 (2.5) 2,183 (13.8) 470 (5.1)

* Numbers do not add up to total due to missing values

and hospital settings, where these conditions account for
the majority of encounters. A similar pattern has been
reported in the United States where injuries comprised
about 40% of all office visits to orthopaedic surgeons
[28]. While most of the hospital encounters related either
to same day or inpatient surgery, a substantial minority
were in the emergency room. The injury and related con-
ditions seen ranged from simple strains and sprains,
which were unlikely to need surgical intervention, to frac-
tures and more serious conditions.

Orthopaedic surgeons also see a substantial proportion of
individuals with arthritis and related conditions. To set
this in overall context, a US study showed that almost a
fifth of all physician visits for arthritis were to orthopaedic
surgeons [12]: the equivalent proportion in Canada was
15% [5]. In our study, a substantial minority of the
patients seen by orthopaedic surgeons had synovitis and
unspecified arthritis, conditions which are unlikely to be
associated with surgical intervention. Almost half (90
thousand) had a diagnosis of osteoarthritis which far
exceeds the total number of joint replacement surgeries
(28 thousand). A recent study [29] of patients referred for
surgery and assessed by a physiotherapist and an ortho-
paedic surgeon found that while a third did not require
surgery, all patients required appropriate conservative
management. Other studies have pointed to deficiencies
in the primary care management including both under

and over use of non-steroidal anti-inflammatory medica-
tions and lack of referral for physical therapy [30].

The pattern of utilization of orthopaedic surgery particu-
larly in the older age groups found here are similar to
those reported elsewhere [18,31,32]. The overall surgical
rate increases with age, particular for surgery for arthritis
and related conditions (including joint replacement sur-
gery) and for injury, particularly fracture. These trends in
age specific rates of surgical procedures are important
when planning the orthopaedic resources likely to be
required to accommodate the needs of the aging popula-
tion.

In view of concern about future availability of the ortho-
paedic surgical workforce [9,15,33,34] several strategies
could be implemented to increase capacity for orthopae-
dic surgery. Increasing the number of orthopaedic sur-
geons is a long-term solution that will not have an
immediate effect during the next decades. A strategy for
increasing availability of orthopaedic surgeons for surgery
would be to ensure that patients who are referred are
those who are most likely to need surgery. Enhancement
of the capacity of primary care physicians to diagnose and
treat musculoskeletal conditions, including musculoskel-
etal trauma and back and other soft-tissue disorders, is
clearly important. In the short term, taking into account
the high volume of ambulatory care, the scope of ortho-
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paedic practice could be redesigned to allow individuals
not immediately needing surgical services to access to the
appropriate musculoskeletal care. For example, it may be
possible to increase capacity for orthopaedic surgery by
decreasing the amount of clinic time of orthopaedic sur-
geons by delegating some of the triage and routine follow-
up of patients to another musculoskeletal health profes-
sional.

Models of care provision involving non-surgical special-
ists or allied healthcare professionals collaborating with
orthopaedic surgeon to provide care to individuals with
musculoskeletal problems are being gradually more rec-
ognized [34-37]. Studies have shown that specially
trained physiotherapists can assess and manage some
patients with musculoskeletal conditions while working
with orthopaedic surgeons [35,38,39], and data from the
UK shows that pre-screening of patients by such therapists
can more than double the proportion of patients who
need surgery on assessment by the surgeon [26]. The use
of physical therapists in these roles also has the potential
to facilitate conservative management of patients not yet
requiring surgery [40].

A major strength of our study is its high coverage of the
Ontario population. Further, we were able to examine
data on visits to orthopaedic surgeons in ambulatory set-
tings as well as hospital settings and we considered an
extensive list of conditions and surgical interventions.
Limitations of the analyses presented here are those inher-
ent in the use of health service data. In particular the sur-
gical data were collected using CCI which is a relatively
new classification system. The fiscal year 2005/06 was the
fourth year of implementation and coding instructions
were still in the process of development[21]. As there were
no published data on groupings of orthopaedic surgical
codes, one of the key challenges we had was to identify
reasonable groups of orthopaedic surgical procedure
codes that correspond to what clinicians usually consider
orthopaedic surgery.

Conclusion

This study shows that the role that orthopaedic surgeons
play in the management of injuries, arthritis, and bone
and joint conditions is wider than surgery. The large vol-
ume of ambulatory care points to the major contribution
they make to the medical management of these condi-
tions. The number of individuals affected by these condi-
tions is expected to increase as the baby boom generation
ages, putting additional pressure in the orthopaedic work-
force. Increasing the number of practicing orthopaedic
surgeons is a long term solution; in the meantime sur-
geons and policy makers need to be creative in developing
strategies to efficiently accommodate the growing work-

http://www.biomedcentral.com/1472-6963/9/56

load without sacrificing quality of care of patients with
musculoskeletal conditions.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

MC was responsible for drafting the manuscript and had
access to all the data in the study. All authors contributed
to the analyses and approved the final manuscript.

Additional material

Additional file 1

Appendix. Diagnostic codes for condition groups in ambulatory and hos-
pital care databases.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1472-
6963-9-56-S1.doc]

Acknowledgements

This study was supported by a Health System Linked Research Unit Grant
from the Ontario Ministry of Health and Long-Term Care (Grant 04166).
Additional support was given by the Institute for Clinical Evaluative Sciences
(ICES), which is funded by an annual grant from the Ontario Ministry of
Health and Long-Term Care (MOHLTC).

The opinions, results and conclusions reported in this paper are those of
the authors and are independent from the funding sources. No endorse-

ment by ICES or the Ontario MOHLTC is intended or should be inferred.
We thank Xuesong Wang for helping cleaning and preparing the datasets.

References

. Badley EM, Webster GK, Rasooly I: The impact of musculoskele-
tal disorders in the population: are they just aches and pains?
Findings from the 1990 Ontario Health Survey. | Rheumatol
1995, 22:733-739.

2. Cunningham LS, Kelsey JL: Epidemiology of musculoskeletal
impairments and associated disability. Am J Public Health 1984,
74:574-579.

3. Picavet HS), Hazes ]MW: Prevalence of self reported muscu-
loskeletal diseases is high. Ann Rheum Dis 2003, 62:644-650.

4. Patra ), Popova N, Rehm J, Bondy S, Flint R, Giesbrecht N: Economic
Cost of Chronic Diseases in Canada: 1995-2003 Toronto: Ontario
Chronic Disease Prevention Alliance & Ontario Public Health Associ-
ation; 2007.

5. Perruccio AV, Power D, Badley EM: Revisiting arthritis preva-
lence projections - it's more than just the aging of the popu-
lation. | Rheumatol 2006, 33:1856-1862.

6.  Fontaine KR, Haaz S, Heo M: Projected prevalence of US adults
with self-reported doctor-diagnosed arthritis, 2005 to 2050.
Clin Rheumatol 2007, 26:772-774.

7. Calza S, Decarli A, Ferraroni M: Obesity and prevalence of
chronic diseases in the 1999-2000 Italian National Health
Survey. BMC Public Health 2008, 8:140.

8.  Flugsrud GB, Nordsletten L, Espehaug B, Havelin LI, Meyer HE: Risk
factors for total hip replacement due to primary osteoarthri-
tis: a cohort study in 50,034 persons. Arthritis Rheum 2002,
46:675-682.

9.  Buckwalter JA, Heckman ]D, Petrie DP: An AOA critical issue:
aging of the North American population: new challenges for
orthopaedics. | Bone Joint Surg Am 2003, 85-A:748-758.

Page 8 of 9

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1472-6963-9-56-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7791173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7791173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7791173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6232862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6232862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16960946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16960946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16960946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17268945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17268945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18442368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11920403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12672854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12672854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12672854

BMC Health Services Research 2009, 9:56

20.

21.

22.
23.
24.
25.

26.
27.

28.

29.

30.

31

32.

33.

Schwenkglenks M, Lippuner K, Hauselmann HJ, Szucs TD: A model
of osteoporosis impact in Switzerland 2000-2020. Osteoporos
Int 2005, 16:659-671.

Power |D, Perruccio AV, Desmeules M, Lagace C, Badley EM: Ambu-
latory physician care for musculoskeletal disorders in Can-
ada. | Rheumatol 2006, 33:133-139.

Hootman JM, Helmick CG, Schappert SM: Magnitude and charac-
teristics of arthritis and other rheumatic conditions on
ambulatory medical care visits, United States, 1997. Arthritis
Rheum 2002, 47:571-581.

Comeau P: Crisis in orthopedic care: surgeon and resource
shortage. CMAJ 2004, 171:223.

Hurst J, Siciliani L: Tackling excessive waiting times for elective surgery: a
comparison of policies in 12 OECD countries Paris: OECD Health Work-
ing Paper #6; 2003.

lorio R, Robb WJ, Healy WL, Berry D}, Hozack W], Kyle RF, Lewallen
DG, Trousdale RT, Jiranek WA, Stamos VP, et al.: Orthopaedic sur-
geon workforce and volume assessment for total hip and
knee replacement in the United States: preparing for an epi-
demic. | Bone Joint Surg Am 2008, 90:1598-1605.

Shipton D, Badley EM, Mahomed NN: Critical shortage of ortho-
paedic services in Ontario, Canada. | Bone Joint Surg Am 2003,
85-A:1710-1715.

Badley E, Veinot P, Tyas ], Canizares M, MacKay C, Davis A, Mahomed
N: 2006 survey of orthopaedic surgeons in Ontario Toronto: Arthritis
Community Research & Evaluation Unit (ACREU); 2007.

Etzioni DA, Liu JH, Maggard MA, Ko CY: The aging population
and its impact on the surgery workforce. Ann Surg 2003,
238:170-177.

Farley FA, Weinstein N, Aamoth GM, Shapiro MS, Jacobs |, McCarthy
JC, Kramer J: Workforce analysis in orthopaedic surgery: how
can we improve the accuracy of our predictions? | Am Acad
Orthop Surg 2007, 15:268-273.

Schedule of Benefits for Physician Services under the Health
Insurance Act [http://www.health.gov.on.ca/english/providers/
program/ohip/sob/physserv/physserv_mn.html]

Canadian Institute for Health Information (CIHI): Quality assurance
processes applied to the discharge abstract and hospital morbidity data-
bases Ottawa, Canadian Institute for Health Information; 2002.
World Health Organization: International classification of diseases: Ninth
Revision Geneva: World Health Organization;; 1975.

Karpman RR: Musculoskeletal disease in the United States:
who provides the care? Clin Orthop Relat Res 2001:52-56.
Schappert SM: Office visits to orthopedic surgeons: United
States, 1995-96. Adv Data 1998:1-32.

Crouch CC, O'Connor DP, Pierce P, Brinker MR: Utilization of
orthopaedic services for hand and wrist conditions in a capi-
tated population. | Bone Joint Surg Am 2004, 86-A:51-56.

The Chartered Society of Physiotherapy: Making physiotherapy count
London: The Chartered Society of Physiotherapy; 2004.

Brinker MR, O'Connor DP, Pierce P, Woods GW, Elliott MN: Utili-
zation of orthopaedic services in a capitated population. |
Bone Joint Surg Am 2002, 84-A:1926-1932.

Brinker MR, O'Connor DP: The incidence of fractures and dis-
locations referred for orthopaedic services in a capitated
population. | Bone jJoint Surg Am 2004, 86-A:290-297.

Aiken AB, Harrison MM, Atkinson M, Hope J: Easing the burden
for joint replacement wait times: the role of the expanded
practice physiotherapist. Healthc Q 2008, 11:62-66.

Glazier R: The role of primary care physicians in treating
arthritis: overview. In Patterns of Health Care in Ontario: Arthritis and
Related conditions. An ICES Practice Atlas Edited by: Badley EM, Williams
JI. Toronto: Institute for Clinical Evaluative Sciences; 1998:63-64.
Kurtz S, Mowat F, Ong K, Chan N, Lau E, Halpern M: Prevalence of
primary and revision total hip and knee arthroplasty in the
United States from 1990 through 2002. | Bone Joint Surg Am
2005, 87:1487-1497.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M: Projections of pri-
mary and revision hip and knee arthroplasty in the United
States from 2005 to 2030. | Bone jJoint Surg Am 2007, 89:780-785.
Boden SD, Einhorn TA, Morgan TS, Tosi LL, Weinstein JN: An AOA
critical issue. The future of the orthopaedic surgeon-proce-
duralist or keeper of the musculoskeletal system? | Bone Joint
Surg Am 2005, 87:2812-2821.

34.

35.

36.
37.

38.

39.
40.

http://www.biomedcentral.com/1472-6963/9/56

Hilibrand AS, Spindler KP, Boden SD: AOA Symposium. Ortho-
paedists partnering with other physicians to provide muscu-
loskeletal care. | Bone Joint Surg Am 2007, 89:2810-2818.
Hourigan PG, Weatherley CR: The physiotherapist as an ortho-
paedic assistant in a back pain clinic.  Physiother 1995,
81:546-548.

Jacofsky D, Lyman J: The efficient delivery of elective ortho-
pedic care. | Arthroplasty 2007, 22:2-5.

MacKay C, Veinot P, Badley E: Characteristics of evolving mod-
els of care for arthritis: A key informant study. BMC Health
Serv Res 2008, 8:147.

Daker-White G, Carr A, Harvey |, Woolhead G, Bannister G, Nelson
I, Kammerling M: A randomised controlled trial. Shifting
boundaries of doctors and physiotherapists in orthopaedic
outpatient departments. | Epidemiol Community Health 1999,
53:643-650.

Weatherley CR, Hourigan PG: Triage of back pain by physio-
therapists in orthopaedic clinics. | R Soc Med 1998, 91:377-379.
Davis A, MacKay C, Badley E: Access to care for people with arthritis:
Enhancing care across the continuum using advanced practitioners/
extended role practitioners Toronto: Arthritis Community Research &
Evaluation Unit (ACREU); 2008.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6963/9/56/prepub

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15517190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15517190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16395761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16395761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16395761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12522829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12522829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12522829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18594111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18594111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18594111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12954829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12954829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12894008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12894008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17478749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17478749
http://www.health.gov.on.ca/english/providers/program/ohip/sob/physserv/physserv_mn.html
http://www.health.gov.on.ca/english/providers/program/ohip/sob/physserv/physserv_mn.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11302326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11302326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10662353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10662353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14711945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14711945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14711945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12429750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12429750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14960673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14960673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14960673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18362522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18362522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18362522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15995115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17403800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17403800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17403800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16322633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16322633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16322633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18056515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18056515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18056515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17919584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17919584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18625070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18625070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10616677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10616677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10616677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9771498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9771498
http://www.biomedcentral.com/1472-6963/9/56/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ambulatory encounters
	Hospital encounters
	Condition groups
	Surgical groups
	Statistical analysis
	Ethics

	Results
	Ambulatory care provided by orthopaedic surgeons
	Surgery provided by orthopaedic surgeons

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

