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A B S T R A C T

Introduction: The wait times crisis for hip and knee total joint replacement surgery has been a significant health
care issue in Alberta and across Canada. Significant resource and financial efforts have been put forward to reduce
wait times for surgery as a means of treating patients with osteoarthritis (OA), but the gains achieved were not
sustained.
Objective: To effectively address wait time issues, an alternative perspective on this problem is presented – that the
wait times are an immediate problem for those needing surgery, but are also a symptom of the bigger issue of an
inability of health care systems in Canada to address the needs of individuals with early OA with first-line
treatment protocols.
Discussion: In considering this more comprehensive understanding of the overall OA management problem,
encapsulated by the concept of an “osteoarthritis funnel”, we outline potential approaches for a solution on a
systemic level that integrates services delivery, health care resource allocation and conceptualization of OA in
research activities. It also emphasizes the need for a more effective and relevant program of research to address
this complex problem that requires unique solutions.
Conclusions: New approaches and understanding are needed to address integrated implementation of effective
first-line treatments for newly diagnosed osteoarthritis to prevent the expanding demand for joint replacement
surgery. While the focus here is on the Canadian perspective, the need to develop and implement better first-line
treatments for those with early OA and those at risk for development of OA is not unique to Canada.
1. Background

In the early to mid-2000s, Alberta, like other Canadian and interna-
tional jurisdictions, was facing a wait-times crisis for hip and knee total
joint replacement surgery. Almost all of these surgeries were directed at
joints that had been damaged by the chronic and degenerative disease
called osteoarthritis (an umbrella term for degenerative loss of function
from various causes). In 2009, the government of Alberta allocated an
additional $40 million to decrease the wait times for hip and knee
replacement surgeries and set an aggressive benchmark of 14 weeks for
wait times from surgical consult to surgery. The initiative – a 5-year plan
to reach this benchmark - was launched in 2010. It was primarily based
on increasing surgical volumes to offset the number of patients in the
surgical queue. Wait times began to decrease from a high of 47 weeks–40
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weeks in the 2012/2013 fiscal year. Since 2013, wait times remained
relatively stable at around 41 weeks in an environment of “zero surgical
volume growth”; however, since 2018, wait times have again lengthened
for both orthopedic consultation (Fig. 1) and joint replacement surgery
(Fig. 2). These increases in wait times have occurred against a backdrop
of 10848 hip and knee total joint replacement surgeries in 2018, and
10,574 in 2019. The problem of growing wait times is also compounded
by the COVID pandemic. In Alberta, it is estimated that the wait lists for
surgery have increased from ~9836 in February, 2020 to ~14,112 by
June, 2020 (Alberta Bone & Joint Health Institute, internal reports).

So we are back to where we started a decade ago and the projections
in Alberta for total joint replacement surgery demand are troubling [1]. It
would appear that we have gone full circle, but with the problem further
exacerbated by the pandemic, and yet the focus remains on the wait times
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for total joint replacement surgery, suggesting that timely access to sur-
gery continues to be the core problem that needs to be tackled. We would
like to propose an alternate perspective – while wait times are a real
problem for those in the queue for surgery, which has been further
complicated by the COVID pandemic, wait times are also, and impor-
tantly, a symptom of a much larger and complex problem referred by
some as the OA epidemic. The OA epidemic is defined by increasing
numbers of individuals diagnosed with OA (the majority of whom are not
surgical candidates) and more OA diagnoses in increasingly younger
people. The OA epidemic results in a systemic problem defined by several
important facets that we will discuss here: lack of attention and resource
allocation to early-OA interventions and OA prevention strategies in

Canada, perception by patients that total joint replacement is the solution
to OA, and, current thinking and understanding about OA as a disease
state, and, hence, how it continues to be researched.

Once initiated by one of several possible threats to the integrity of the
joint (discussed in more detail below), the progression of OA is as a
degenerative disease affecting joints, resulting in the physical breakdown
of the joint structure. This loss of mobility and related symptoms such as
pain can result in secondary consequences of the disease, including
sedentary behavior and development of obesity, and impact on other
physiologic systems such as the cardiovascular and respiratory systems,
and cognition loss [2,3]. Thus, the predictions for increased incidence of
OA will likely have a number of primary and secondary implications for
both the health of patients, and impact on the Canadian health care
system (and others) as it relates to both acute and chronic care. While the
discussion has thus far had a Canadian perspective, likely the issues
around wait lists is broader in many countries with a similar health care
system, but not in others that differ.

The prevalence of OA in Alberta is similar to Canada – approximately
10–12% of Albertans have been diagnosed with OA, with higher rates
evident in females and older adults. After menopause, the incidence of
OA is higher in women than corresponding aged males [2,4,5]. A trou-
blesome projection is that the prevalence of OA is expected to rise up to
25% in the next generation [6,7].

It is evident that OA is a significant health care issue negatively
impacting many and presenting a significant challenge to the health care
system. However, the current Canadian approach to addressing OA, and
specifically wait times, is almost singularly focused on an elective surgery
at the end stage of the disease. It is important to consider that this reflects
services for approximately 5% of the individuals living with OA in
Fig. 1. Wait times for surgeon consultation for hip an
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Alberta.
We determined that addressing the OA problem health systems are

grappling with, a more comprehensive, if not balanced, perspective is
needed. The OA Funnel, depicted in Fig. 3, is a way of understanding the
full breadth of the OA epidemic and potentially informative in how to
address it across the continuum of care, and not predominantly at the
surgical end-stage. The end of the OA Funnel (the funnel) is where most
of the current attention is focused: the end stage of a disease where the
only viable treatment option is surgery. Given real world resource con-
straints, access to surgery is limited. And with the prevalence of OA
increasing, this end stage becomes a “bottleneck”. In front of the “bottle
neck” for joint replacement in Canada is a large “funnel” holding a huge
number of people with a diagnosis of Hip and/or Knee OA. Furthermore,
this group is diverse – including men, women, various age groups and
various stages of OA. While many of these individuals may or may not be
waiting for surgery, they should all be engaged in some form of conser-
vative (non-surgical) or first-line treatment management for their OA,
particularly those at the early or moderate stages of the disease. Research
has demonstrated that consistent first-line or conservative management
of early and moderate OA could alter the disease trajectory to modify the
dynamics of navigating the “funnel” leading to joint replacement surgery.

Ahead of even this ever expanding “funnel” of patients with early and
moderate OA, as well as those with advanced OA and in need of a joint
replacement, are the likely large youth and adult populations at risk for
developing OA, but are individuals who have not yet expressed symp-
toms or dysfunction. For this population, prevention strategies are crit-
ical, and they may have a real impact on lowering their risk of developing
OA and disrupting their contribution to the chronically refilling funnel
and bottleneck. Although there is potential for real impact here to
minimize the development of OA, there is little attention or committed
resources.

And here in lies part of the real problem we are faced with – it is not
only the needs of current end-stage patients, which are actually a small
proportion of the overall OA population, but rather the lack of intense
attention and resource allocation to the large numbers sitting in the
“funnel” and the potential for that “funnel” to continue expanding
without effective surgical, conservative and preventative interventions,
further exacerbating the bottleneck and its repeated development.
Certainly, in other countries such as the Scandinavian countries and
others [8–11], first-line treatments for OA management are having an
impact and some efforts for first-line treatment management are being
made in Canada [12]. However, a significant shift in attention and
d knee joint replacement surgery in Alberta [47].



Fig. 2. a. Wait times for hip joint replacement surgery in Alberta. b. Wait times for surgeon consultation for knee joint replacement surgery in Alberta [47].
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resource allocation is required to move further upstream in the disease
course, which will have an impact on wait times into the future.

2. Perceptions on joint replacement surgery

Another facet defining the actual problem we are faced with is the
perception of and expectations related to joint replacement surgery.
Restoration of hips and knees with an artificial joint that replaces a joint
damaged beyond repair is one of the most successful orthopedic pro-
cedures ever developed, and likely the closest intervention we currently
have to “curing” OA – effectively cutting the dysfunctional parts of the
joint out of the body and replacing them with a prosthesis. Most people
(~80% or more) who have had their joints replaced go on to live func-
tional pain-free lives, with a return to a good quality of life [13], but a
subset still have significant pain [reviewed in 14]. Although effective, it
needs to be situated correctly – it is an effective solution for the end-stage
of a progressive disease, but it should not be the only “goal” for patients
3

or clinicians. Many years can pass before surgery is a viable option. And
these years can be filled with pain, dysfunction and progressive decline in
quality of life [15]. Further, research on patient experience suggests that
patients would rather avoid surgery if they are able to effectively manage
the OA-related symptoms [16]. However, it is challenging to broaden the
perspective on OA care within a healthcare system and culture oriented
towards crisis management, rather than a longer term approach that
involves focused attention and commitment to managing non-curable
conditions (i.e. a chronic disease) at earlier stages – where impact can
be made by slowing the progression of a disease or preventing its
contribution to disability and loss of quality of life. And, delaying or
preventing surgery.

3. First-line options for the OA patient prior to surgery

For the patient with recently diagnosed OA of the hip or knee, most of
them will be treated to alleviate the pain associated with the condition.



Fig. 3. The osteoarthritis funnel.
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However, as the condition progresses, there are a number of both surgical
(Table 1) and first-line or conservative (Table 2) treatment options
available to them prior to total joint replacement. The advantages and
limitations of these surgical options (Table 1) have been recently
reviewed [17–19] and some patients derive longer term benefit from
Table 1
Surgical approaches for treatment of OA.

Intervention type Description

Total Joint Replacement Joint components (e.g. menisci, bone,
diseased cartilage) replaced (fully or
partially) with an artificial prosthesis [46]

Chondrocyte Transplantation Repair of damaged or defective articular
cartilage through implantation of autologous
cartilage cells/chondrocytes [48,49]

High Tibial Osteotomy/Distal
Femoral Osteotomy

Realignment of the knee joint by dividing and
internally fixing either the tibia or the femur
to alter load across the joint [50]

Microfracture Holes are bored into the subchondral bone of
OA lesions to release bone marrow cells
which repopulate a clot in the lesions, leading
to fibrocartilage formation which then covers
the cartilage defect/exposed bone [51].

Transplantation of Osteochondral
Plugs (autologous/allogeneic)

Bone-cartilage plugs are taken from either
non-weight bearing areas (autologous) or
allogeneic tissue, and then press fit into
defects in the damaged cartilage [52]

Stem Cell Implantation Mesenchymal stem cells (MSCs) derived from
bone marrow, fat, synovium, or other tissues
are expanded in vitro and implanted into
cartilage as either free cells [53,54,56]; MSC
incorporated into a scaffold of synthetic or
organic molecules and implanted into OA
lesions [55,56]; or the MSC in an
endogenously produced matrix (TEC) are
implanted into OA lesions [20]
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these interventions than others. Recently, Shimomura et al. [20] have
reported on an experimental tissue engineering approach to use stem
cells to repair cartilage defects which often progress to OA. Thus, some of
the newer surgical interventions using “regenerative” cell therapies may
offer some hope in the future for repair of damaged tissues in early OA
with a return to joint integrity and function.

With regard to first-line treatment options, or non-surgical ap-
proaches for patients with hip and knee OA, a number of these do require
intra-articular injections but others are more focused on exercise and
neuromuscular training (Table 2). Some of these approaches are backed
by evidence and have been endorsed by organizations [21], but others
such as using free autologous stem cells derived from fat or bone marrow,
or other sources are only allowed in research trials as Health Canada has
placed a moratorium on other uses outside of research [22]. Interest-
ingly, only a subset of patients respond well to a number of the in-
terventions listed in Table 2. For interventions such as glucocorticoids,
Platelet-Rich Plasma (PRP), Hyaluronic Acid, and even exercise, there are
responders and non-responders [discussed in 21], and evidence for their
effectiveness remains lacking or remains controversial. With exercise, it
has been reported that some people respond to aerobic exercise, but
others respond to resistive exercises [discussed in 23]. The basis for such
variability is not yet understood, but its existence means that for many
patients they do not have a variety of effective first line treatment options
to improve their quality of life with OA prior to total joint replacement.
Furthermore, many of the first-line treatment options are often viewed as
individual programs, and not as an integrated platform of options opti-
mized for the individual patient. In addition, many patients rely mainly
on over-the-counter pain medications until they no longer are effective
before seeking out other options when the OA has progressed instead of
embracing other options early when they may be more effective in
slowing disease progression.

In addition to the variable response to first-line treatment options for



Table 2
Non-surgical first-line approaches for management and treatment of OA and
associated symptoms – from evidence-based to emerging.

Intervention type Description

Education Education interventions, in the form of group classes,
online support, and counselling sessions, involves the
provision of information to patients to ensure an
understanding about OA, disease progression, and
appropriate interventions and self-management
options. Education is recognized as a standard of care
and core component of any treatment plan for OA
[57].

Exercise Physical activity or prescribed exercise or supervised
exercise programs that effectively manage symptoms
of OA and play a role in prevention of OA. For OA
specifically, types of exercises recommended include
neuromuscular training programs (e.g. Good Living
with Arthritis-Denmark (GLA:D) [58,59], aquatic
exercises, strength exercises, and land-based exercise
[57].

Weight management Excess weight, and obesity in particular, are
identified as a risk factor for development of OA and
exacerbation of symptoms for those with an OA
diagnosis. Morbid obesity has also been identified as
a risk factor for complications during arthroplasty
[60,61]. As such, weight loss and weight
management programs that introduce various types
of nutritional composition are available and
recommended [57]. Many are under the supervision
of a family physician or registered dietician; however,
patients also opt to undertake diets independently.

Prebiotics (oral) Many individuals with obesity have a metabolic
syndrome, a syndrome which can influence the
symptoms of OA. Part of this syndrome is mediated
by change to the gut microbiome. However,
treatment with a prebiotic such as inulin/poly-
fructose can correct some of these alterations [62],
and modify the metabolic syndrome and influence
OA symptoms and disease progression [63].

Physical therapy Physical therapy (or physiotherapy) is a regulated
health care profession across Canada. Physical
therapist are physical movement specialists, qualified
to deliver interventions that aim to rehabilitate and
maximize the functioning of joints and muscles [64].

Occupational therapy Occupational Therapy is a regulated health care
profession across Canada. Occupational Therapists
provided a range of interventions and services to
support and enable the functioning of individuals.
They address physical limitations as well as
psychosocial factors to enable individuals to carry out
their daily activities including self-care, occupational
roles and functions, educational pursuits, leisure
activities and more.

Complementary and
Integrative therapies

This group of therapies includes acupuncture,
traditional Chinese medicine, naturopathic
pharmacotherapy (e.g. vitamins, chondroitin,
glucosamine) [65], variably regulated across Canada.
The research evidence is limited to support the
efficacy or effectiveness of these interventions;
however, they are used by individuals living with OA
to manage a range of symptoms, including pain and
swelling related to osteoarthritis [66].

Anti-inflammatory drugs Drugs that have active ingredients that reduce
inflammation or swelling. Commonly used anti-
inflammatories are non-steroidal anti-inflammatory
drugs (NSAIDs) [57].

Steroids (corticosteroids,
glucocorticoids)

Chemically similar to cortisol, steroids produce an
anti-inflammatory and immunosuppressive response.
However, frequent use via direct injection into a knee
can have adverse effects, so caution is recommended
[57].

Pain medications This class of drugs blocks signals that produce pain.
Examples of pain medications include
acetaminophen, duloxetine, NSAIDs, aspirin [57].

Hyaluronic Acid (injections;
supplements)

A treatment that introduces cross-linked hyaluronic
acid into the synovial fluid of a joint such as a knee.
Such HA is sold as a device to improve lubrication,

Table 2 (continued )

Intervention type Description

but efficacy remains somewhat variable and the
evidence is not strong. HA (endogenous) occurs
naturally and functions as a joint lubricant. However,
with OA progression, its lubricating function is
negatively impacted [67,68].

Platelet-Rich Plasma (PRP)
injections

Platelets in blood contain growth factors that may
function to assist in tissue repair and cell
regeneration. Injection of the Platelet-rich Plasma
(PRP) fraction from blood into a joint has been
reported to improve symptoms of OA such as pain,
but results are variable and the evidence is not strong
[21].
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OA, many of the surgical treatments are also not available to many pa-
tients, in part due to risks associated with factors such as co-morbidities
(i.e. poorly controlled diabetes, excessive obesity, cardiovascular com-
plications), and they are deemed not appropriate for a specific inter-
vention based on established criteria, or other factors. Not only do such
interventions use many resources for a variable outcome in some pa-
tients, some such as the microfracture technique yield a temporary so-
lution even when “successful” due to the fact that the procedure yields
fibrocartilage which is less durable than the natural hyaline cartilage and
only lasts 3–5 years at best [24–26].

Thus, while exercise protocols do offer relief for many patients with
OA (8–12), patients with early OA need new protocols to address their
disease to either slow/stop progression, or in the best case scenario,
reverse the joint damage to restore function and alleviate the protracted
disease course leading to the need for total joint replacement surgery.
Furthermore, it is not just new options that are needed, but also in-
tegrations of options to develop individualized “platforms” for care early
after diagnosis.

4. The “complexity” of osteoarthritis

The other very real issue impacting the effective treatment of OA, and
one that may account for some of the variation discussed above, is our
understanding of the complexity of the disease. For many years, it was
viewed as a disease of articular cartilage degeneration. While still a
prevalent concept in some quarters, it is clear that, consistent with the
name “osteoarthritis”, OA is an inflammatory disease [27,28]. While OA
likely has its origins in the biomechanics of the joint (27), such dysre-
gulation of the mechanical integrity of a joint such as a knee can lead to
an inflammatory environment as the OA progresses. Furthermore, OA
involves the whole joint as an adaptive and integrative unit [30–32].
Therefore, it is not just a disease of articular cartilage, but also involves
other tissues of the joint such as the menisci, ligaments, synovium, fat
pads, and the joint capsule, as well as muscles [33,34]. This concept leads
to the idea that the joint is an organ system whose optimal workings are
derived from the integrated functioning of all of the component parts
[30–32], and loss of this integrity leads to OA development and subse-
quent degeneration of the joint.

Usually, the first indication that the knee or hip “unit” has been
compromised is the presentation of pain. Pain, often persistent pain, is
the usual symptom that brings a patient to the health professional for
advice and diagnosis. Unfortunately, there is often a “disconnect” be-
tween the pain and evidence for structural alterations or damage [35].
Because of such patient-to-patient variation, and lack of other tools to
definitively diagnosis OA (e.g. biomarkers), often the patients are left to
address the symptoms such as pain, and not the disease itself.

5. Is OA one disease or many?

For many years, OA was presented in the literature as a single disease,
and many patients were treated as if it was a single disease. More recent
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thinking has led to the idea that the term “Osteoarthritis” should actually
be considered an umbrella term, and likely there are multiple factors
leading to end stage joint destruction and loss of function. Thus, multiple
mechanisms can contribute to the end stage of loss of cartilage and joint
integrity. Such subsets of OA likely include post-traumatic OA (PTOA)
following an overt joint injury [36]; “metabolic OA” associated with the
metabolic syndrome of obesity [27,28] (although there may also be a
biomechanical element due to the increased stress on joints of the lower
extremities due to weight); with the remainder loosely defined as idio-
pathic OA (which is a default term meaning the basis is unknown at the
present time) [3].

While not currently defined as a separate form of OA, we would also
hypothesize that OA arising in post-menopausal females should perhaps
be considered amechanistically unique form of the disease due to the loss
of tissue regulation following decline in hormonal involvement. Before
the age of 50, the incidence of knee and hip OA is ~1:1 (F/M), while after
age 50 (and the onset of menopause), the incidence is at a minimum
>2:1(F/M) [37], and this is not apparently due to a number of repro-
ductive factors [38]. However, it could also relate to bone shape which
differs between males and females [39,40] and changes over time more
in females [38]. While commonly categorized with other idiopathic cases
of OA at present, the post-menopausal cases may represent a unique form
of OA based on how it arises in this subset of females. However, since
only a subset of post-menopausal females develop OA, variables other
than just loss of hormones must also be at play in these individuals.

Given the heterogeneity of humans, and the variety of factors that can
potentially contribute to risk for development of OA and its progression,
there may be a need for more personalized first-line treatment manage-
ment of a patient's disease [41]. Thus, if first line treatments move
beyond current modalities, new treatments focused on individual initi-
ators of disease may be warranted.

6. Why has progress in development and implementation of
interventions for early OA been so slow to yield success?

There are multiple reasons why progress to enhance the development
of early effective interventions has not progressed as rapidly as one might
have hoped. Some of these are disease related as discussed above, while
others may be research related. Humans are very heterogeneous at
multiple levels. Such factors include race, sex, age, genetics, epigenetics,
nutrition, anatomy, and other variables. At a species level, such hetero-
geneity likely serves to enhance survival of the species in response to a
variety of threats, but may also complicate development of population-
wide interventions for conditions such as OA. Thus, OA may have mul-
tiple mechanistic initiators and pathways to progression, with a final
common endpoint of loss of cartilage and joint dysfunction. Focusing on
the common endpoint means that for the most part, the upstream het-
erogeneity is not being adequately addressed.

Furthermore, the pharma approach fundamentally has a biological
perspective of disease processes. In contrast, OA is a disease of a joint, an
integrated organ system that is designed to function in a biomechanically
loaded dynamic environment, with specific tissue elements evolved to
perform specific tasks which yield a functioning system and element
cross-talk, but one that may be at risk for organ failure if adaptation fails
when one element is compromised. Thus, appreciation of the
biomechanical-biological interface is critical when considering in-
terventions. This is of particular relevance as OA has been suggested to be
a disease of biomechanics/mechanics [29].

It is also likely that the preclinical research effort is partially to blame
for the slow progress in developing effective interventions to stop and
reverse OA progression. First of all, only ~12% of human OA is likely
related to PTOA. However, in part due to a lack of very many “sponta-
neous” OA models (other than a few preclinical models such as in guinea
pigs and some genetic models), most OA research at this level is focused
on PTOA. Therefore, progression/translation of findings from such
models to heterogeneous patient populations involving individuals with
6

multiple OA subtypes may not be destined for success.
Furthermore, much of the preclinical OA research has been and

continues to be performed with inbred rodent models (mostly inbred
mice and mostly PTOA models although some chemical and enzymatic
models do exist) [42–44]. Therefore, findings with PTOAmodels may not
translate to disease arising from other initiating factors. A limitation of
working with such small preclinical models is that it is difficult and
challenging to investigate both the biological and biomechanical conse-
quences of a joint injury in sufficient detail. Both biology and biome-
chanics are critical to the functioning of a joint such as a knee. Larger
animal models, such as sheep models [45] can overcome some of these
limitations, as both biomechanics and biology parameters can be
assessed in detail. Furthermore, one of the important lessons learned
from such models is that each sheep must be viewed as an individual
research subject due to heterogeneity, just like humans.

Thus, one might ask the question “why do we continue to support
research that has a low potential to translate to human patients?” The
answer to that question is complex, but likely resides in part, due to the
fact that much of it is considered “good science”, readily manipulated
using sophisticated methodology, and more focused on experiments that
can be done and viewed as “good science”. In addition, there is a primary
focus on biology. Thus, much of the current basic research approach
likely needs to be revisited and new more translational paradigms
implemented.

7. Conclusions

From the above discussion, wait times for hip and knee OA patients in
Canada are both the problem and via their cyclic nature, a symptom of a
larger problem associated with a lack of attention and resourcing along
the entire continuum of OA care, and the lack of progress on under-
standing the disease origins and progression pathways for subtypes of hip
and knee OA. Unless we apply a multi-pronged plan with both short- and
long-term orientation that better integrates health care operations and
advances in research, the current wait time crisis in Canada will likely
continue to be repeated. In the long run, the patient numbers waiting to
get through the joint replacement bottleneck will outpace the resources
of the Canadian health care system andwewill continue on our trajectory
of escalating crisis management with increasingly limited access to
needed and effective care. While the focus of this article has been on the
Canadian perspective, it should be noted that wait times, independent of
country or health care system, need new and improved approaches for
first-line treatment or even preventative measures to enhance the quality
of life for both patients with early OA and those at risk for development of
OA, and to effectively manage the continuous wait times crises.
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