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Abstract: Three promising directions for improving care for osteoarthritis (OA) include novel
education strategies to target unhelpful illness and treatment beliefs; methods to enhance the efficacy
of exercise interventions; and innovative, brain-directed treatments. Here we explain that each of
those three promising directions can be combined through a paradigm-shift from disease-based
treatments to personalized activity self-management for patients with OA. Behavioral graded activity
(BGA) accounts for the current understanding of OA and OA pain and allows a paradigm shift
from a disease-based treatment to personalized activity self-management for patients with OA.
To account for the implementation barriers of BGA, we propose adding pain neuroscience education
to BGA (referred to as BGA™). Rather than focusing on the biomedical (and biomechanical) disease
characteristics of OA, pain neuroscience education implies teaching people about the underlying
biopsychosocial mechanisms of pain. To account for the lack of studies showing that BGA is “safe”
with respect to disease activity and the inflammatory nature of OA patients, a trial exploring the
effects of BGA™ on the markers of inflammation is needed. Such a trial could clear the path for
the required paradigm shift in the management of OA (pain) and would allow workforce capacity
building that de-emphasizes biomedical management for OA.
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1. Introduction

Given the high number of treatment guidelines available, clinicians might be overwhelmed by
the evidence on osteoarthritis (OA) management. Taking into account the socio-economic impact and
high prevalence of OA, it is imperative that healthcare professionals have free access to up-to-date,
evidence-based information to assist them in treatment decision-making. Therefore, in the Journal
of Clinical Medicine’s Special Issue on “Rehabilitation for Persistent Pain Across the Lifespan”,
Rice et al. provide a state-of-the-art review of rehabilitation for OA pain [1]. In addition to providing
a comprehensive and easily consumable overview of the best evidence on rehabilitation for OA
pain, they also explore promising directions for clinical practice and discuss potential future research
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avenues. The promising directions for clinical practice include novel education strategies to target
unhelpful illness and treatment beliefs; methods to enhance the efficacy of exercise interventions;
and innovative, brain-directed treatments [1]. Here we explain that each of those three promising
directions can be combined through a paradigm-shift from disease-based treatments to personalized
activity self-management for patients with OA.

2. Disease-Based Osteoarthritis Treatment Offers Modest Effect Sizes

Current OA treatment guidelines have a disease-based, biomedical focus (e.g., joint replacement
surgery). Even education and exercise therapy, cornerstones of international OA treatment
guidelines [2-5], have a disease-based focus; education typically consists of accurate information
to enhance the understanding of the condition (hip or knee OA) and its consequences, while the
progression of exercises is typically guided by tolerable levels of pain and the patient’s ability to perform
a given exercise. Such a disease-based, biomedical focus is offline with our current understanding of
OA pain [6], including its biopsychosocial nature and the role of central sensitization in amplifying the
OA pain experience [7]. The effect sizes of disease-based education and exercise therapy for OA are
moderate at best [5], allowing room for improvement. Such improvement might come from modifying
existing disease-based educational and exercise therapy interventions to our current understanding of
OA pain [6,8].

3. Personalized Activity Self-Management for Patients with Osteoarthritis

High all-cause mortality from knee OA is mediated mainly through walking disability [9],
and encouraging people to walk and “get out and about” in addition to targeting OA can be protective
against excessive mortality [10]. However, to people with OA, pain represents a major barrier to
walking or any other physical activity [11-13]. An innovative and effective way of accounting for the
current biopsychosocial understanding of OA pain and encouraging people to walk and “get out and
about” and addressing pain as a barrier to physical activity, is through using behavioral-graded activity
(BGA). BGA is a behavioral treatment integrating the concept of operant conditioning to increase the
level of physical activity in the patient’s daily life [14]. It is a highly personalized approach, targeting
the patients’ activity limitations and self-defined treatment goals (goal setting), and individually
tailoring the baseline and grading levels for performing these daily activities. BGA allows OA patients
to shift from having priority in pain control to priority in valued life goals.

The use of BGA for patients with OA pain is supported by a cluster-randomized clinical trial [14,15],
suggesting that BGA is an effective treatment for relieving pain, improving physical functioning and
physical performance, and preventing joint replacement surgery in patients with OA [14,15]. Compared
to usual care, BGA resulted in superior exercise adherence and more physical activity in people with
hip or knee OA [16]. Such increased physical activity levels not only result in less pain [17] but also
hold the potential to decrease the low-grade inflammation that is characteristic of OA. Indeed, OA is
characterized by a chronic low-grade inflammatory profile [18-20], and physical activity has strong
anti-inflammatory effects [21-26], but studies in OA remain scarce. With its anti-inflammatory action,
physical activity might even contribute to decreasing the mortality risk in patients with OA [27-29].

4. Implementation Barriers for a Personalized Activity Self-Management Approach

BGA accounts for the current understanding of OA and OA pain and allows a paradigm shift from
a disease-based treatment to personalized activity self-management for patients with OA (Table 1).
However, more than 10 years after the initial trial findings were published, BGA is not recommended
by the European [30], American [4], or international [3] guidelines for OA management, preventing
its implementation in clinical practice. Another implementation barrier relates to the common belief
among both patients and therapists that OA pain is a “warning sign” of disease severity. Up to 89% of
future therapists consider severe pain a reason for not using exercise in the treatment of OA, while
87% believe that increasing overall activity levels cannot stop the knee problem getting worse [31].
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A multinational study concluded that workforce capacity building that de-emphasizes biomedical
management for OA is urgently needed [32]. Beliefs about the consequences of exercise account for
general practitioners” use of exercise in knee pain [33] (with 29% believing that rest was the optimum
management approach for knee OA [34]). To account for these implementation barriers, we propose
adding pain neuroscience education to BGA (referred to as BGA™).

Table 1. Proposed paradigm shift from disease-based treatment to personalized activity
self-management for osteoarthritis.

Disease-based, biomedically
focussed eduation
Exercises target muscle
strength, endurance,
motor control, etc.

Pain = sign of tissue damage,
including inflammation
Pain contingent approach Operant conditioning and time contingent approach

to grading exercises to grading daily activities

Biopsychosocial education

Physical activities targeting self-defined functional
and/or social activities and life goals

Pain = sign of nervous system sensitivity

5. Pain Neuroscience Education + Behavioral Graded Activity = BGA*

Indeed, patients with OA are confused about the cause of their pain and bewildered by its variability
and randomness [35]. Without adequate information and advice from healthcare professionals, people
do not know what they should and should not do, and, as a consequence, avoid activity for fear of
causing harm. A Cochrane review concluded that providing reassurance and clear advice about the
value of exercise in OA and opportunities to participate in exercise programs that people regard as
enjoyable and relevant to their personal life may encourage greater exercise participation, which brings a
range of health benefits to patients with OA [36]. Therefore, the addition of pain neuroscience education
to BGA entails a dramatic shift in educating OA patients prior to exercise/activity interventions.

As explained by Rice et al. [1], rather than focusing on the biomedical (and biomechanical) disease
characteristics of OA, pain neuroscience education implies teaching people about the underlying
biopsychosocial mechanisms of pain. Pain neuroscience education is a remarkable example of how
patients who receive proper guidance can really help themselves. Pain neuroscience education prepares
patients for a time-contingent (“Perform the activity/exercise for five minutes, regardless of the pain.”),
cognition-targeted approach to daily (physical) activity and exercise therapy, as typically applied
during BGA. Such a time-contingent approach replaces the classical symptom-contingent (“Stop the
activity/exercise once it hurts”) approach. A time-contingent approach to activities is often difficult for
patients to comprehend and comply with and for therapists to implement. Indeed, a time-contingent
approach to activities/exercises contradicts with the disease-based, biomedical focus on exercise and
activity interventions with which therapists are often more comfortable with [37]. Pain neuroscience
education specifically addresses this barrier for making a the paradigm shift to personalized activity
self-management for patients with OA, both at the patient and the therapist level.

In a recent proof-of-concept study, we reported that pain neuroscience education, compared to
biomedical-focused education, generates favorable effects on decreasing pain catastrophizing, excessive
attention to pain, and activity-related fear at short and long-term follow-ups in people with knee
OA [38]. In addition, a case series of 12 OA patients receiving pain neuroscience education prior to
joint replacement surgery revealed that the fear of movement and sensitivity to pain decreased [39].

6. Conclusions

Taken together, BGA™ addresses all three promising directions for clinical practice highlighted by
Rice etal. [1]. BGA* includes a novel education strategy to target unhelpful illness and treatment beliefs;
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applies evidence-based methods to enhance the efficacy of physical activity/exercise interventions;
and can be considered an innovative, brain-directed treatment. Hence, BGA™ allows a paradigm-shift
from disease-based treatments to personalized activity self-management for patients with OA. Still,
to account for the implementation barrier, where OA patients fear that moving despite pain might
aggravate disease activity, as well as the lack of studies showing that BGA is “safe” with respect to
disease activity and the inflammatory nature of OA patients (therapist barrier), a trial exploring the
effects of BGA™ on the markers of inflammation in patients with OA is urgently needed. Such a trial
could clear the path for the required paradigm shift in the management of OA (pain) and would allow
workforce capacity building that de-emphasizes biomedical management for OA [32].
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