CMT for knee osteoarthritis
Cognitive Muscular TherapyTM for knee osteoarthritis: a feasibility randomised controlled trial
Abstract

Objective: People with knee osteoarthritis exhibit overactivity of the knee muscles during functional tasks. This will increase mechanical loads and may exacerbate pain. Cognitive Muscular TherapyTM (CMT) is a new conservative intervention that aims to reduce muscle overactivity and change habitual responses to pain. This study was designed to assess the feasibility of a future randomised controlled trial, designed to compare CMT with usual care. 
Methods: Patients with knee osteoarthritis, who had failed to benefit from previous therapeutic exercise, were randomised to receive CMT or usual care. Participants in the CMT arm were offered seven individual sessions, delivered by an NHS physiotherapist trained to deliver the intervention.  Trial feasibility was assessed by monitoring recruitment, adherence, retention, treatment fidelity and acceptability through an embedded process evaluation. Secondary outcome measures included WOMAC and the Pain Catastrophizing Scale.
Results: 82 patients were recruited from 164 screened. Of the 42 allocated to the CMT arm, 32 completed the treatment. Retention was acceptable in the CMT arm but higher than anticipated in the usual care arm. Both patients and physiotherapists found the treatment to be acceptable, and the mean intervention fidelity score was 91%. Composite WOMAC score reduced by 17.1 points in the CMT arm from baseline to 20-weeks, and 2.8 points in the control arm over the same period. 
Conclusions: CMT is an acceptable intervention for people with knee osteoarthritis. Future large-scale trials are now required to quantify the clinical effectiveness of this promising new treatment.
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Introduction
There is now a large body of evidence demonstrating that people with knee osteoarthritis (OA) display overactivity in the knee muscles during walking1, 2, standing3 and other functional tasks4. Research has demonstrated the potentially damaging effect of this muscle overactivity, showing it will increase compressive loading5, speed up the rate of cartilage loss6 and increase the likelihood that patients will opt for a knee replacement at 5-year follow up7. Elevated muscle activity is likely to increase loading on the articular surface, the bone, joint capsule and periarticular structures, and could therefore increase nociceptive stimulation. Interventions that specifically target muscle overactivity may therefore reduce pain in knee OA8.
We have developed a new intervention for knee OA, known as Cognitive Muscular TherapyTM (CMT). CMT integrates training to reduce overactivity of knee muscles and improve whole-body postural control within a framework of psychologically informed physiotherapy9-11.  Rather than use simple muscle relaxation techniques, CMT specifically targets postural tone, the ongoing low-level muscle activity that supports the body against gravity12. Overactivity of the knee muscles is viewed as a compensatory biomechanical response to elevated flexor tone in the upper body. This therapeutic target is consistent with the observation of altered postural alignment in people with knee OA13-15  and research linking trunk flexion with elevated activity of the knee flexor muscles16, 17. With CMT, patients are taught to reduce flexor tone in the upper body, thereby reducing knee muscle overactivity.
CMT is markedly different from existing conservative interventions for knee OA. Although physiotherapy interventions have been developed that incorporate psychologically informed practice18, 19, these interventions typically integrate a focus on psychological factors within a muscle strengthening programme. In contrast, CMT adopts a multidimensional perspective, addressing the complex interaction between knee muscle overactivity, postural control, psychological factors20-22 and central modulation of the pain experience23, 24. Importantly, CMT teaches patients to become aware of how psychological factors can be linked to overactivity of the knee muscles, an idea which is consistent with recent research findings25-27. Another unique aspect of CMT is the use of EMG biofeedback to visualise of level of knee muscle activation. This enables patient to gain an experiential understanding of the link between knee muscle activity, postural control and thoughts about pain.
The aim of this study was to determine the feasibility of conducting a large-scale Randomised Controlled Trial (RCT), designed to compare CMT with usual care for people with knee OA who had failed to benefit from a muscle strengthening programme. Specifically, we investigated feasibility of recruitment, adherence, retention and feasibility of training NHS physiotherapists to deliver CMT. There was also an embedded process evaluation designed to gain insight into patient and physiotherapist perceptions of the intervention via qualitative interviews. A secondary aim was to estimate the potential treatment effect. 

Method
Study design and setting
This feasibility RCT was conducted between December 2021 and April 2024 with patients recruited through the United Kingdom (UK) National Health Service (NHS) and social media (Facebook). Participating centres were three NHS secondary care centres in the Northwest of the UK. The study was approved by an NHS ethics committee (21/WM/0255) and by the University of Salford ethics committee. All participants provided written consent to participate, and all procedures were performed in accordance with the declaration of Helsinki.
Eligibility criteria
UK national guidelines28 recommend programmes that integrate muscle strengthening with education as first line conservative management for knee OA. However, while existing exercise/education programmes are highly cost-effective, a large proportion of patients do not experience meaningful improvements in pain29. Given that the UK is a resource-limited healthcare setting, it was decided CMT would be unlikely to be offered on the NHS unless patients had previously tried, and failed to benefit from, an exercise/education programme that integrated some form of muscle strengthening. Therefore, to be included in the study, participants were required to have attended at least four muscle strengthening classes and to self-report an improvement in pain that was <15% from their pre-muscle strengthening condition. 
In addition to the need to have tried muscle strengthening, participants were eligible if they were above 40 years of age, fluent in English and able to walk without an assistive device for at least 100m.  They were also required to have a clinical diagnosis of knee OA, assessed using the ACR criteria30, and to have experienced knee OA pain for at least 6 months . Participants were excluded if they had dementia or any other cognitive impairment or a body mass index (BMI)>33 (as increased subcutaneous fat prevents collection of surface electromyography signals required for biofeedback). Participants were also excluded if they had previously had a lower limb arthroplasty, systemic inflammatory disorder or any significant balance disorder that could increase the risk of a fall.
Recruitment procedures
The original plan for recruitment was to identify people who had completed an ESCAPE-pain31 class but failed to experience a 15% improvement in pain. However, this method proved infeasible as ESCAPE providers were not willing to share study materials in advance of the ESCAPE programme and data protection practices meant that it was not possible to identify participants after completion of the ESCAPE programme. Participants were therefore identified through three NHS musculoskeletal clinical assessment and triage services in the Northwest of England. In the UK, patients are typically referred to this triage service (from their GP) once they have tried, but failed to benefit from, standard physiotherapy. This triage service is the gateway for onward referral onto orthopaedic management of chronic knee pain.
At each triage service, electronic records were screened to identify potentially eligible patients who were sent the participant information sheet. Potential participants then contacted the research coordinator who screened for eligibility over the phone. Those who were eligible returned a postal consent form along with a data access form that provided consent for the research team to view previous x-ray data. Recruitment at two of the three triage services was slightly lower than anticipated. Therefore, a social media advert was also used to reach potential participants.
Randomisation and allocation
Participants were randomly allocated 1:1 to the CMT or usual care arm. The randomisation was carried out six weeks before treatment was due to commence and stratified by site using variable block sizes.  The allocation sequence was generated using Stata V17 by an independent statistician at York Trials Unit, University of York, who was not involved in recruitment. Once baseline assessments were complete for a participant, the trial manager/administrator contacted the independent statistician to ascertain the participant’s allocation.  The trial manager then contacted participants to schedule intervention sessions for those allocated to the receive CMT.
Interventions
This feasibility study was designed to inform planning of a future pragmatic trial. Therefore, participants in the control arm received usual care. For patients who have not benefited from NHS physiotherapy, usual care includes treatments such as pharmacological management, intra-articular steroid, and surgery28. These treatments were available to participants in each arm of the trial.
CMT for knee osteoarthritis comprises five components, summarised below. Electromyography (EMG) biofeedback is used in components 2-5 to provide a visual representation of muscle activity. For this study, we used the Biometrics EMG system (Newport, UK), with surface EMG electrodes placed over the lateral quadriceps muscle (vastus lateralis) at the start of each clinical session. 
· Component 1: Understanding knee pain: The physiotherapist challenges beliefs about chronic knee pain, explaining that that increased muscle tension will increase mechanical loading at the knee, perpetuating pain. Pain neuroscience education is used to explain the idea that brain processing will modulate the pain experience. 
· Component 2: General relaxation: The physiotherapist teaches awareness of muscular tension in lying/sitting positions. Using specific clinical techniques along with EMG biofeedback, patients are taught to fully relax the quadriceps.
· Component 3: Postural deconstruction: This component focuses on postural tone (low-level muscle activity that supports the body against gravity12). The aim is to reduce elevated flexor tone in upper body that may be triggered by factors related to a sedentary lifestyle. Altered postural control is linked to compensatory increases in knee muscle activation in standing and during functional movement16, 17. Therefore, using EMG biofeedback supplemented with hands-on guidance, the physiotherapist teaches the patient to consciously reduce flexor tone in the upper body and associated compensatory overactivity of the knee muscles.
· Component 4: Contextual triggers: This component aims to teach patients to become aware of increased muscular contraction, which may relate to pain, pain expectations or pain-related beliefs. Using hands-on guidance and EMG biofeedback, patients gain experience of initiating pain-provoking movements, such as ascending stairs, with less overactivity of the knee muscles. 
· Component 5: Functional integration: This component brings together learning across the first four components. Patients embed new muscle coordination patterns across functional tasks so that they become habitual.

The five components of CMT are delivered across seven individual physiotherapy sessions, lasting one hour, typically every two weeks. Within each session, the physiotherapist follows a clearly delineated protocol, comprising 5-10 stages. Between supervised sessions, patients are provided with access to an online platform that provides material to support intervention delivery, such as animated videos. An example video can be viewed here: http://www.cogmustherapy.com/BMC_example_2. Further details of CMT are described in our intervention development paper9. Note that the name of components 1, 4 and 5 have been changed since this original publication. 
Following the COVID-19 pandemic, there was limited capacity to deliver the research treatments at NHS physiotherapy outpatient clinics. Therefore, the intervention was delivered at three community sites, each located close to the recruiting site. Three NHS physiotherapists were trained to deliver the intervention. This training package was developed as part of a previous study11 and involved 16 hours of online learning along with two face-to-face training days. Each of the physiotherapists was experienced in treating chronic musculoskeletal pain (>5 years) and two had no prior experience of CMT. The third physiotherapist had taken part in an earlier training development study, delivering the intervention to two patients under observation from the lead physiotherapist (NB).
Assessment of intervention fidelity
An intervention fidelity checklist was developed with 25 items, each scored 0-3. Each item was used to quantify the physiotherapist’s competency at delivering a specific stage of the protocol. Video recordings of 14 clinical sessions (two for each of the seven treatment sessions) were used to score intervention fidelity for each of the three physiotherapists. An average score for each physiotherapist was then obtained and normalised from 0 (low competency) to 100 (high competency).
Outcome measures
[bookmark: _Hlk215494127]Clinical outcomes were collected by post or online form at baseline (prior to randomisation), 20 weeks post-randomisation and eight months post-randomisation. The 20-week time point typically coincided with the week after the final intervention session for participants in the CMT arm. The clinical outcome measures were: WOMAC Pain (range: 0–20; higher scores indicate greater pain) and WOMAC Composite (range: 0–96; higher scores indicate worse symptoms and functional limitation)32; Pain Catastrophizing Scale (range: 0–52; higher scores reflect greater pain-related catastrophizing)33; Tampa Scale of Kinesiophobia (range: 17–68; higher scores indicate greater fear of movement)34; Generalized Anxiety Disorder Scale, GAD-7 (range: 0–21; higher scores indicate more severe anxiety)35; and Patient Health Questionnaire, PHQ-9 (range: 0–27; higher scores indicate more severe depressive symptoms)36. In addition, data were collected on quality of life (QoL) using the EQ-5D-5L37, capacity to work using the work productivity and activity impairment (WPAI) questionnaire38 and healthcare resource utilisation using a custom questionnaire. Finally, demographic data on age, gender and BMI were collected at baseline and, if participants provided permission to access previous x-ray data, KL grade was also recorded.

Sample size 
Sample sizes of between 24 and 70 have been recommended for feasibility trials39, 40. Our aim was to recruit 90 participants to ensure at least 72 participants in the final analysis, allowing for a 20% attrition rate. 

Feasibility criteria and statistical analysis
Baseline demographic and outcome data were summarised overall and by randomised group and recruitment and retention rates also summarised descriptively. For each outcome and group, the proportion of missing data was described and the outcome at each follow-up point summarised using mean and standard deviations (SD). Changes from baseline were also summarised at each time point and effect sizes (Cohen’s d) calculated along with 95% confidence intervals. Effect sizes of 0.2 were interpreted as small, 0.5 as medium and >0.8 as large41. To understand the feasibility of delivering a future large-scale trial, we defined a set of progression criteria based around recruitment, adherence, retention, acceptability to patients and feasibility of training physiotherapists (Table 1).

TABLE 1 HERE
Process evaluation 
Semi-structured interviews were used to explore patient and physiotherapist perceptions of the intervention after the delivery/completion of CMT. These interviews were carried out by AW and SG via  videoconference using a topic guide (see appendix 1) that was informed by acceptability of theoretical framework of acceptability for healthcare interventions42. A framework analysis43 allowed for a combination of inductive and deductive analysis that was completed with the data collected from eight patients and three physiotherapists. Data from both groups were analysed together but consecutively. AW read through the transcripts and organised the data according to the framework. In data analysis sessions with DG, patterns across the data were developed to understand acceptability and areas for optimisation of the intervention. 
Results
The flow of participants through the trial is shown in a CONSORT diagram (Figure 1). Screening and recruitment began in September 2022 and completed in June 2023. Letters of invitation were sent to 1028 patients across the three recruitment sites, and a social media advert ran at two of the three sites for two weeks. In total, 164 patients responded, of which 29 (18%) were from social media. Of those who responded, 71 (43%) were found to be ineligible (Figure 1), the main reason being BMI>33 or unable to walk unaided, with a further seven withdrawing before consent and four immediately after consent. The remaining 82 patients were randomised to the control (n=40) or CMT arm (n=42). Over the 10-month period of recruitment, an average of 5.5 patients were screened per site each month, which translated into an overall recruitment rate of 2.7 patients per site per month.
					FIGURE 1 HERE
The two groups were balanced at baseline across of the demographic measures. Radiographic data were available for 43 of the 82 participants, with the majority (70%) having a KL grade of 3 or 4 indicating that they were at an advanced stage of the disease. The two groups were also balanced at baseline for most of the outcomes. However, WOMAC composite was slightly higher in the control group and GAD-7 and PHQ-9 were slightly higher in the CMT group (Table 2). For brevity, data on QoL, WPAI and healthcare utilization have been presented in Appendix 2.
TABLE 2 HERE
Of the 42 participants allocated to the CMT arm, a total of 32 (76%) completed the CMT treatment (defined as attending a minimum of five of the seven clinical sessions). Two patients did not formally withdraw but failed to attend any treatment sessions and one patient was found to be ineligible at the initial treatment session. Seven patients stopped attending treatment citing one of the following reasons: called up for a knee replacement, knee injury (unrelated to the intervention), health reasons other than knee, not disclosed and could not spare the time. Intervention fidelity scores for the three physiotherapists were 92%, 89% and 93% with a mean fidelity score of 91%. No adverse events were reported. 
[bookmark: _Hlk182896101]Of the 42 participants allocated the intervention arm, 34 (81%) returned outcomes at 20 weeks. This included all 32 participants who completed the CMT treatment. In the control group, 27 (68%) returned outcomes. Of the 13 control participants who did not return outcomes, four patients formally withdrew before 20-weeks citing one of the following reasons: could not spare the time, did not want to complete questionnaires, did not want to be in the control arm and called up for knee replacement. Nine patients in the control group were lost to follow-up. At 8 months, 25 participants (60%) in the CMT arm and 21 (53%) participants in the control arm returned outcomes. This equated to an overall trial retention at 8 months of 56%.
There were large changes in the WOMAC composite and WOMAC pain scores in the CMT group (Tables 3, 4 & 5). Specifically, between baseline and 20 weeks, the WOMAC composite score reduced by 17.1 points in the CMT group, compared to a reduction of 2.8 in the control group. When the two participants who did not complete the CMT intervention were excluded, the change in the WOMAC composite was 18.9 points, a within-group reduction of 49%. The large reductions in the WOMAC composite score in the CMT group appeared to be maintained at 8 months (Table 5). In contrast, there was an increase of 3 points in the control group, which led to a between group difference of 23.2 at 8-month follow-up. Changes in the Pain Catastrophizing Scale in the CMT group corresponded to medium effects at 20 weeks and small/medium effects at 8 months. Again, there were only small changes in the control group. There was very little change in the Tampa Scale of Kinesiophobia in either group at each time point. Interestingly, although there was a modest reduction in both the GAD-7 or PHQ-9 scores at 20 weeks in the CMT group, this change did not appear to be maintained at 8 months. The healthcare utilisation data suggested a trend towards more GP and orthopaedic consultations and higher medication usage in the control group (Appendix 2).
TABLE 3 HERE
TABLE 4 HERE 
TABLE 5 HERE

In general patients found CMT acceptable, useful, and easy to engage with due to the sustainability of techniques: “I'm still practicing, yes, what I learnt...Maybe for my lifetime” (P229). They felt confident in completing exercises within their day and identified a perceived effectiveness in reducing negative beliefs and improving their ability to take part in daily activities: “It’s like having a new knee” (P1). However, some participants found that intervention coherence was not always clear, as they felt CMT was complex and hard to define: “Well, it’s training your brain to think about...And it’s all about breathing. So, I’m not very good at explaining it” (P21), despite their engagement and desire to recommend CMT. Most participants did not find the intervention a burden, describing it as “time well spent” (P12), and wanted continued access to online materials after completion. The control group wanted access to more information to increase their knowledge of pain and the research and to help them to stay engaged in the study. Further information on each of the qualitative domains and corresponding themes is provided in Appendix 3, supplementary materials.
All three physiotherapists believed CMT had potential to be successful: “It’s got huge potential…I like the way it looks at the entire person” (PT1). However, they struggled with delivery at the beginning because they were feeling apprehensive and unsure how to adapt protocols when facing resistance: “It’s just getting your head in the game with it” (PT2). As they gained proficiency, confidence grew: “By the end of the second session…I was getting a bit more used to it” (PT2). They enjoyed the training but felt it was intense and needed more time for reflection: “Could always do a little bit more face-to-face training” (PT2). Time and effort required to deliver CMT was discussed as a challenge: “It takes a lot more effort and a lot more patience” (PT1), though this was not perceived negatively.
Discussion 
This is the first randomised study designed to explore the potential of Cognitive Muscular TherapyTM to manage knee OA. The findings demonstrate that the intervention is acceptable to both patients and physiotherapists and that it would be feasible to conduct a large-scale RCT to compare CMT with usual care in a UK NHS setting. There were minimal changes in WOMAC scores in the control group but large reductions in the CMT group. The findings suggest that CMT may bring about sustained improvements in pain in people with knee OA who have failed to benefit from conventional physiotherapy. However, as this was a feasibility trial we did not conduct formal statistical testing to assess between-group treatment effects. A larger trial is now required to robustly quantify the clinical efficacy of this promising new intervention. 
International guidelines recommend arthritis education and therapeutic exercise as first line management for knee OA44. However, a recent Cochrane review29 concluded that the clinical benefits of exercise are of uncertain clinical importance. This idea is consistent with a study showing no statistical difference between best practice therapeutic exercise and placebo saline injection45. This placebo-controlled study observed within-group reductions of 10 and 7 points (on pain scale of 0-100) following exercise and placebo respectively. In contrast, we observed an 18-point (on pain scale of 0-100) reduction in pain in the CMT group at 20-week follow up. Furthermore, we observed a within-group change in the WOMAC composite score of 49% from baseline to 8-months. This is considerably larger than the difference of 17-22% that has been suggested as a within-group threshold for a minimally important rehabilitation effect46. While these are preliminary data, they suggest CMT may provide clinically meaningful improvement for patients with knee OA who do not respond to therapeutic exercise.
The CMT intervention was found to be acceptable to both patients and physiotherapists. Although 10 patients allocated to the CMT arm either withdrew or did not attend treatment, none cited any reasons related to the intervention. The process evaluation identified that, while patients were engaged with the treatment, they sometimes found it difficult to describe it to their friends and family. This may reflect the experiential learning integrated within CMT, specifically the ability to consciously regulate postural muscle tone, which is difficult to convey using everyday language. The three physiotherapists were also positive about CMT. Although they found the training and delivery challenging, with practice, they felt they gained confidence. In this trial, each physiotherapist delivered the treatment to an average of 10 patients. This is a relatively small number, and future trials could explore whether clinical outcomes improve as physiotherapists gain more practice of intervention delivery and become more familiar with the CMT protocols. Based on feedback from the physiotherapists, we made some minor improvements to our training package, such as more example videos of clinical delivery and improved animated videos to explaining biomechanical concepts. 
This feasibility study was designed to inform planning of a larger RCT, and we looked specifically at five feasibility progression criteria (Table 1). We were able recruit >2.4 participants per site per month, demonstrating that recruitment was feasible. Furthermore, our qualitative work demonstrated that the intervention was acceptable to both patients and physiotherapists and our mean fidelity score (>90%) suggests our physiotherapist training is effective. However, while adherence to the intervention was good (76%), overall trial retention at 8 months was 56%. This would be considered unacceptable for a future RCT. Through our process evaluation, we identified the need to explain the importance of remaining in the trial and to continually communicate trial progress to participants. Financial incentives may also help to reduce attrition in future trials. 
There are several limitations to this study that should be highlighted. Firstly, our screening criteria was based around a 15% threshold for improvement following therapeutic exercise. However, patients struggled to recall clinical benefit and therefore future studies might alternatively consider using an inclusion based around dissatisfaction with exercise. Secondly, this study was designed to inform planning of a pragmatic trial with a comparator of usual care. It is therefore not possible to gain insight into how CMT might perform in direct comparison with therapeutic exercise or to fully estimate placebo effects. Thirdly, we did not blind investigators to group allocation. However, as most outcomes were collected via an automated online system, this is unlikely to have impacted the findings Finally, we had a larger-than-expected proportion of participants that were lost to follow up and have suggested measures to mitigate against this in future trials. 
This study provides data showing that a future large-scale RCT comparing CMT with usual care is feasible within a UK NHS setting. The CMT intervention and study processes proved acceptable to patients and physiotherapists, and we have identified specific strategies for optimising processes for a future large-scale trial. If the findings of this feasibility trial are replicated in a large-scale RCT, then Cognitive Muscular TherapyTM has the potential to drive a change in the conservative management of knee OA. 
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Figure legends:

Figure 1: CONSORT diagram to show the flow of participants through the trial


Table 1: Feasibility progression criteria

	Domain
	Assessed by
	Criteria

	
	
	Red
	Amber
	Green

	Recruitment
	Average participants per site per month
	< 1.5
	1.5-2.4
	> 2.4

	Adherence
	Number of participants 
attending 5 out of 7 clinical sessions in the CMT arm
	< 60%
	60-80%
	> 80%

	Trial retention
	Participants providing 
8-month outcome data
	< 60%
	60-80%
	> 80%

	Feasibility of training NHS physiotherapists to deliver the CMT intervention
	Intervention fidelity score
	< 80%
	80-90%
	> 90%

	Acceptability to patients
	Qualitative evaluation
	-
	-
	-







Table 2: Baseline demographic characteristics and baseline health outcomes. Mean (SD) are given unless stated otherwise. †Where participants provided permission to access previous x-ray data. *Due to an error during data collection, WOMAC pain/composite are only available for n=41 in the CMT group. (WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; GAD-7 = Generalized Anxiety Disorder Scale; PHQ-9 = Patient Health Questionnaire)

	Baseline characteristics
	CMT (n= 42)
	Control (n=40)
	Total (n=82)

	Age (years)
	66.4 (8.8)
	66.6 (9.0)
	66.5 (8.9)

	Gender: Females, n (%)
	19 (45)
	18 (45)
	37 (45)

	BMI (Kg/m2)
	27.4 (3.1)
	28.6 (2.8)
	28.0 (2.8)

	KL grade†, n (%)
1
2
3
4 
	N=25
1 (4)
6 (24)
13 (52)
5 (20)
	N=18
2 (11)
4 (22)
8 (44)
4 (22)
	N=43
3 (7)
10 (23)
21 (49)
9 (21)

	WOMAC pain*
	8.5 (4.3)
	8.9 (3.5)
	8.7 (3.9)

	WOMAC composite*
	39.4 (18.7)
	43.3 (16.6)
	41.3 (17.8)

	Pain catastrophizing scale
	12.4 (12.5)
	12.2 (11.4)
	12.3 (11.9)

	Tampa scale of kinesiophobia
	39.9 (8.4)
	40.3 (6.0)
	40.1 (7.3)

	GAD-7
	4.0 (5.5)
	3.4 (4.4)
	3.7 (5.0)

	PHQ-9 
	4.6 (5.4)
	3.8 (3.4)
	4.2 (4.5)


 



Table 3: Mean (SD) for each outcome at 20 weeks and 8 months post-randomisation for the two groups
	Outcome
	20 weeks
	8 months

	
	CMT (n=34)
	Control 
(n=27)
	CMT (n=25)
	Control 
(n=21)

	WOMAC pain
	4.5 (4.4)
	7.9 (3.5)
	3.8 (3.9)
	8.7 (2.6)

	WOMAC composite
	20.5 (19.0)
	38.4 (16.3)
	19.0 (18.8)
	42.2 (12.6)

	Pain catastrophizing scale
	5.9 (9.3)
	10.8 (9.9)
	6.5 (10.9)
	13.4 (11.5)

	Tampa scale of kinesiophobia
	36.6 (7.3)
	39.5 (6.7)
	36.0 (9.0)
	40.0 (6.7)

	GAD-7
	2.3 (3.7)
	4.7 (5.6)
	4.1 (6.1)
	4.3 (3.3)

	PHQ-9
	2.7 (4.1)
	4.4 (5.2)
	4.0 (5.2)
	4.6 (3.7)




Table 4: Within-group change in outcome measures from baseline to 20 weeks with effect sizes and 95% confidence intervals (CI). *Due to an error during data collection, baseline WOMAC pain/composite are only available for n=33 in the CMT group.
	Outcome
	CMT (n=34)
	Control (n=27)

	
	Change
	Effect size
	95% CI
	Change
	Effect size
	95% CI

	WOMAC pain*
	-3.6
	-0.81
	 -5.6, -1.6
	-0.6
	-0.18
	-1.8, 0.5

	WOMAC composite*
	-17.1
	-0.92
	-26.0, -8.3
	-2.8
	-0.16
	-7.2, 1.7

	Pain catastrophizing scale
	-5.8
	-0.51
	-9.2, -2.4
	-0.8
	-0.08
	-5.0, 3.5

	Tampa scale of kinesiophobia
	-0.4
	-0.05
	-4.2, 3.3
	-0.3
	-0.05
	-3.5, 2.8

	GAD-7
	-1.6

	-0.34

	-3.0, -0.1
	1.1

	0.24

	-0.8, 3.0

	PHQ-9
	-1.7
	-0.36
	-3.5, 0.0
	0.7
	0.17
	-1.0, 2.5







Table 5: Within-group change in outcome measures from baseline to 8 months with effect sizes and 95% confidence intervals (CI). *Due to an error during data collection, baseline WOMAC pain/composite are only available for n=24 in the CMT group.
	Outcome
	CMT (n=25)
	Control (n=21)

	
	Change
	Effect size
	95% CI
	Change
	Effect size
	95% CI

	WOMAC pain*
	-4.1
	-0.99
	-5.8, -2.3
	0.7
	0.25
	-0.5, 2.0

	WOMAC composite*
	-18.6
	-0.97
	-25.6, -11.5
	3.0
	0.21
	-3.0, 9.1

	Pain catastrophizing scale
	-5.1
	-0.42
	-8.1, -2.1
	0.1
	0.01
	-4.7, 5.0

	Tampa scale of kinesiophobia
	-0.5
	-0.05
	-5.5, 4.6
	-0.3
	-0.05
	-2.6, -2.1

	GAD-7
	-0.2
	-0.03

	-1.44, 1.04
	1.4
	0.46

	-0.10, 2.86

	PHQ-9
	-1.0
	-0.18
	-26, 0.6
	1.2
	0.35
	-0.5, 2.8
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Excluded: Ineligible n=71 (43%) 
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
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
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
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

Unable to understand English: 1 



Unable to attend appointments: 7 
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
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
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