Title: Are people with Joint Hypermobility Syndrome slow to strengthen? 
Abstract 
Objective
Primary objective: To investigate whether the rate of change of muscle strength in people with Joint Hypermobility syndrome (JHS) who have anterior knee pain (AKP) differs when compared to two control groups who have AKP. 
Secondary objective: To evaluate the relationship between strength and pain as well as the impact of strength upon activity and knee function. 
Design
A cohort study, with 3 groups: Joint Hypermobility Syndrome with AKP (JHS), Generalised Joint Hypermobility with AKP (GJH), and normal flexibility with AKP (CG). Follow up appointments were fortnightly for 16 weeks. 
Setting
Participants attended the physiotherapy outpatient department within a London (UK) hospital.
Participants 
102 people, aged between 18 and 55 years, were recruited between July 2014 and March 2016; 47 JHS, 29 GJH, and 26 CG. After 16 weeks, 31, 20 and 21 participants completed the study respectively.  
Recruitment from support groups, a London Hospital Group and University, local sports centres and clubs. 
Interventions
Individualised leg exercises for 16 weeks
Main Outcome Measure(s)
Muscle torque generated from the lower limb, every 2 weeks for 16 weeks. 
Results
There was no difference in the rate of change of concentric muscle strength between the JHS group and the CG or GJH groups (p > 0.88 and 0.97 respectively). There was no difference in the rate of change of eccentric muscle strength between the JHS group and the CG or GJH groups (p > 0.60 and 0.94 respectively). However, people with JHS were significantly weaker than the other two groups, taking 3-4 months to reach the baseline strength of the GJH group. 
Conclusion
People with JHS can strengthen at the same rate as other people in pain. 
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Abbreviations
ASS 	Adjusted activity score 			
AKP 	Anterior knee pain 			
CG	Control group 	
EDS-h	Hypermobile Ehlers Danlos Syndrome 			
HAP	Human activity profile 
GJH	Generalised joint hypermobility  
JHS	Joint Hypermobility Syndrome 
VAS	Visual Analogue Scale 













Introduction
Joint Hypermobility Syndrome (JHS), also called Ehlers Danlos Syndrome–hypermobility type (33), is an inherited disorder of the connective tissue, which can be classified using the Brighton (15) and Villefranche Criteria (3). The altered collagen in the connective tissue is excessively flexible and weak. As a result, some of the clinical manifestations include joint instability and multiple joint pain (14). This is in contrast to people who are equally flexible but do not suffer with these multiple site symptoms. These people have been classified using the Beighton scale as having generalised joint hypermobility (GJH) rather than JHS (3). Classifying people with a wide spectrum of signs and symptoms has been problematic and although this paper will refer to JHS and GJH, in 2017 an international board came to a consensus about new classification criteria (6). The new criteria reflect the spectrum of hypermobility. Whatever the label, people with joint hypermobility with multiple site symptoms are commonly referred to health services (34) but their management can be challenging due to their complex condition. 

People with JHS demonstrate reduced muscle strength and endurance, and consequently diminished functional performance compared to age and sex matched, healthy non-hypermobile controls (28; 29). Their weakness is important to understand as physiotherapists prescribe strength exercises (12). Ideally, with an exercise prescription, the patient is informed about the length of time the exercises have to be performed and the potential benefit. For people with JHS it is not known if their syndrome will influence the rate of change of muscle strength or whether their symptoms will change alongside an increase in strength. Further, there is suspicion that people with JHS strengthen at a slower rate than expected. The consequence of this lack of knowledge impacts upon the patient’s and physiotherapist’s ability to set goals, their expectations and adherence to the exercise. This is particularly relevant when we are often reliant upon the patient working independently over many weeks. This is also problematic, as meeting informed expectations can enhance the perception of, and satisfaction with the therapeutic experience (18). The Chartered Society of Physiotherapy-Assurance of Quality Standards document asks that physiotherapists assess the patient’s expectations at the first appointment (7).    

One factor likely to confound an investigation of the rate of change of muscle strength is to strengthen in the presence of pain. It is therefore important to ensure that people with JHS who are in pain, are not compared to people with GJH or normal flexibility who are not in pain. One condition that people with JHS, GJH and people who have normal flexibility suffer from is anterior knee pain (AKP). This condition refers to pain at the front of the knee (10; 35). It has been reported as the most common site of pain in people with JHS (5; 24), and is one of the most common knee conditions seen by physiotherapists affecting 1 in 4 people (16). There are no specific guidelines for its management as the cause of pain maybe related to many factors (35). However, conservative management in the form of strength exercises remains a key treatment (4; 10; 16; 21).

The primary objective of this study was to investigate whether the rate of change of muscle strength in people with JHS who have AKP differs when compared to two control groups who have AKP. The second objective was to evaluate the relationship between strength and pain as well as the impact of strength upon activity and knee function. Fulfilling these objectives will enable clinicians to inform patients of the likely time frame to achieve changes in strength, influence the design of the length of treatment programmes and also examine relationships between factors of joint flexibility and pain upon strength.

Method 
A priori, a sample size was calculated using investigations of the difference in muscle strength between people with EDS-h and a healthy control group (28) as there is an absence of data regarding rate of change of strength in JHS sufferers. With a minimal detectible difference in the mean of 36Nm, a standard deviation of 36Nm, three groups and a significance of 5% and a power of 80%, 20 subjects were required in each group. However, with a long protocol it was predicted that there will be a high dropout rate, therefore a target to recruit 100 people was set.
With ethical approval and informed, written consent, hypermobility was determined using the Beighton score and Brighton Criteria. Demographic data were collected.
Three cohorts, aged between 18 and 55 years, were recruited between July 2014 and March 2016; subjects with JHS and AKP (JHS group), GJH and AKP (GJH group), and without GJH and AKP (control group, CG). A subject was considered hypermobile if they scored 4 or more on the Beighton score and consequently were not considered hypermobile if they scored 3 or less (2). A subject was classified as having JHS using the Brighton Criteria (15). Anterior knee pain was defined as pain localised to the anterior knee, aggravated by activities that loaded the patellofemoral joint. We excluded AKP resulting from intra-articular pathologies, patellar tendinopathy, peripatellar bursitis, and Hoffas disease. Other exclusion criteria were knee surgery within the last 5 years, and diagnoses of neurological or rheumatological disorders (excluding JHS) all of which were investigated through a clinical examination by a senior musculoskeletal physiotherapist.
Subjects were recruited from support groups (Ehlers-Danlos support UK and Hypermobility Syndromes Association), a London Hospital Group and University, local sports centres and clubs.
[bookmark: _GoBack]If a subject had bilateral AKP then the most painful knee was monitored. Appointments were scheduled fortnightly for 16 weeks. In the main these were conducted by the same physiotherapist with cover provided by another senior specialist physiotherapist. 
The different outcome measures are described in table 1. Pain experienced over the previous week was recorded using a Visual Analogue Scale (VAS). They were asked to keep a diary of pain medication, which was coded as non-opioid, opioid or non-steroidal anti-inflammatory drugs. These were collected every 2 weeks. The Lysholm knee scale measured knee function and was completed at baseline and 16 weeks (17). The Human activity profile (HAP) questionnaire was recorded every 4 weeks (11), and lists activities that incrementally increase in level. The adjusted activity score (AAS) takes account of activities that the subject still does, activities they have stopped doing or have never done (11).
Every 2 weeks exercises were prescribed and practiced. They started at individualised levels, which ranged from standing up, to running. Where possible the exercises were based on goal related, functional movements. In some instances, the baseline muscle strength was too low or endurance too poor for functional exercises. In these cases, the exercises were started as a single-joint exercise in a lying or supported sitting position, and progressed towards standing positions (figure 1). The American College of Sports Medicine guidelines on progressive resistance training for strength was used to guide the prescription of repetitions and force (13). Pain intensity was respected and therefore a pragmatic and individualised approach was required. Progression of the exercise at each consultation depended on the individual’s ability, but the subjects were challenged by factors such as increasing exercise intensity, the exercise position and load. The training frequency for all subjects was 3 times a week, on non-consecutive days until their muscle felt fatigued, unless their pain increased by two points on VAS. An individualised exercise sheet describing their programme was given and subjects were asked to keep an exercise diary to aid adherence and self-management. The subject’s exercises and exercise diary were reviewed at each appointment. 
Finally, at each session, using an isokinetics machinea with a leg press attachment, torque was measured. The main muscle to rehabilitate when a person has AKP is the quadriceps muscle (8; 16), but to reduce the impact of pain, a closed chain, isokinetic leg press was employed which measured torque generated from the lower limb. This instrumented leg press reflects the action of many of the exercises that were given over the 16-week course. The subject was seated, reclined to 60 degrees and straps were used to stabilise their position. The range of movement of the knee was set between 0 and 90 degrees at 8cm per second. Knee flexion/extension was performed in two stages; the practice stage consisted of 3 repetitions, a 30 second break was given and then the test stage consisted of 5 repetitions. During the test stage, the subject was encouraged to push when straightening the knee to 0° (concentric contraction) and to provide resistance when bending the knee back to 90° (eccentric contraction). 

Analysis 
Differences between the three groups at the start were assessed using one-way ANOVAs for numerical data and one-way ANOVA on ranks for categorical data. 
Subjects were deemed to have dropped out of the study if they did not attend consecutive appointments up to and including week 16.  
Distribution of data was analysed using a Shapiro-Wilk test. Analyses of repeated measurements of torque used an intention-to-treat approach. Multiple imputations were carried out to deal with missing torque data occurring either during the intervention or because of participants dropping out of the study early. Linear mixed effects models (23) were fitted to the data using restricted maximum likelihood allowing for random effects for individuals. Measurements were taken at equally spaced time intervals with 9 measurements between weeks 0 to week 16. The models were fitted using R Version 3.3.2 and the R package (26; 27). 
Linear mixed effects models were fitted to the imputated data to assess muscle strength, severity of pain and medication use across the three groups. Strength was set as the dependant variable and adjusted for important covariates such as age and sex; further analysis to the raw data adjusted for baseline pain, function and activity.
Changes in severity of pain, function and in activity over time within and between the three groups were assessed using a two-way ANOVA with post-hoc Bonferroni corrections, or the appropriate non-parametric counterpart. 


Results 
Comparisons revealed that there were no differences between the weight and height of the three groups. However, the age of the CG was older than the other two groups (p=0.05). There were more female participants in the JHS group (p=0.00). The Beighton score of the CG was lower than the other two groups (p=0.00). The JHS group had greater severity of pain (p=0.00), poorer function (p=0.00) and lower activity levels (p=0.00); this reflects a population with JHS (table 2). The numbers of people who completed the 16-week programme were 30 in the JHS group, 20 in the GJH group and 21 in the CG group. The most common time points that participants in each group dropped out of the study was week 4 in the JHS group (inter-quartile range (IQR) 3.5-6), week 2 in the GJH group (IQR 2-5.5) and week 6 in the CG group (IQR 3-6). Responses to a request for reasons to drop out ranged from fatigue and too many other hospital appointments for people in the JHS group, and changes to work timetables, social commitments, childcare or factors related to distance to travel in all three groups.
There is no difference in rate of change of concentric or eccentric strength between the groups, both in unadjusted and adjusted analyses (see table 3). There is a difference in strength between groups (see table 3A and figure 2). Concentric torque in JHS was on average 16.2Nm lower than the strength of the CG for a given time (p<0.02). Concentric torque in GJH was on average 16.0Nm higher than the CG for a given time (p<0.05; table 3A). It would take 11.6 weeks for the JHS subjects to reach the starting mean of the GJH group (figure 2A). It would take 11.9 weeks for the JHS subjects to reach the intercept of the GJH group. Eccentric torque in JHS group was on average 29.4Nm lower than the torque in the CG group for a given time (p<0.00). Although torque in GJH group was on average 14.6Nm higher than the CG group, this was not significant (p>0.19; table 3A). It would take 16.2 weeks for the JHS subjects to reach the starting mean of the GJH group (figure 2B). It would take 19.2 weeks for the JHS subjects to reach the intercept of the GJH group. 
When baseline factors of pain, function and activity are adjusted for, this difference in strength is attenuated and no significant difference remains in overall mean concentric and eccentric outcomes between the groups (see table 3B). 
Overall, as concentric and eccentric torque increased, pain decreased (p<0.00 and p<0.00 respectively). There was no evidence to suggest that the relationship between strength and pain is different between measurement times (concentric p>0.28 and eccentric p>0.77). 
Further, as concentric and eccentric torque increased, pain decreased for each group (p=0.00 and p=0.00 respectively). There was no evidence to suggest that the relationship between concentric or eccentric torque and pain depends upon group (concentric: p>0.50 [JHSvsCG] and p>0.73 [GJHvsCG]; eccentric: p>0.86 [JHSvsCG] and p>0.14 [GJHvsCG]). Overall, for every increase of concentric torque by 1.11Nm (95% CI, 1.88, 0.38), there was a drop of one unit in pain and for every increase of eccentric torque by 1.65Nm (95% CI, 2.72, 0.58) there was a drop of one unit in pain.
Although the investigation was not exploring the effectiveness of this intervention, pain decreased for all groups (p<0.00) and the degree of change was not different between groups. For the JHS group, this improvement was clinically meaningful (MCID 1.2 (22) figure 3A and table 4).
Finally, although medication type was not significantly associated with strength, there was a lower rate of change in concentric torque over all groups when they were taking non-opioid medication compared to no medication (estimated difference=2.81, 95% CI, -5.29,-0.33). This was not the case for eccentric torque. There were no differences in rate of change in either concentric or eccentric torque when comparing participants taking other medication. 
Function and activity improved (p<0.00 and p<0.00 respectively). The changes in function surpassed  the minimal detectible change (MDC) for each group (MDC 8.9-10.1 (9); figure 3B and table 4). The change in activity for the JHS group alone reached the MDC of 6.8 ((11); figure 3C and table 4). The degree of change of function and activity differed between groups (p<0.00 and p<0.00 respectively). 

Discussion 
This is the first study to demonstrate that people with JHS can strengthen at the same rate as people with GJH or a non-hypermobile group. An increase in strength related to a decrease in pain. Although this was not a study designed to test the effectiveness of the intervention, the JHS participant’s severity of pain, function and activity improved by significant and meaningful amounts. Although it took many months to reach only the starting mean of the concentric and eccentric torque of their hypermobile peers, there was a change in symptoms. It is important to recognise that the rate of change of strength was linear and the relationship between strength and pain was linear. That is, there was no amount of time required to do the exercise before these relationships were established. Clinically meaningful change was reached at the end of the investigation.
At the beginning of this study the torque generated by the JHS group was lower compared to a non-hypermobile group, and this is in keeping with other studies (28; 30; 31). If these baseline variables were taken into account any difference in strength was attenuated. However, this does not deflect that the real difference between participants was in strength rather than rate of change of strength. This lack of strength, function and activity may be due to a number of factors that are likely to include the predominance of women, deconditioning and living with widespread pain. Conversely, it was interesting to see that in this study, the participants with GJH were stronger than both our non-hypermobile and JHS groups. This is not in keeping with other studies where the GJH participants have had poorer function and strength compared to a control group (19; 32). However, these previous investigations recruited control groups who were pain free, healthy participants. When GJH with AKP participants were compared to non-hypermobile participants with AKP, GJH participants were stronger. It is interesting to speculate whether this strength is the important factor that differentiates JHS participants from their equally flexible GJH peers. 
The knee function of all three groups improved. The JHS group moved from “poor” to the borderline of “fair” function (17). Representing a change from problems in “everyday life” to problems in “sport and some daily life” (17). Both the GJH and control group went from a “fair” function to the borderline of “good” function, representing problems with sports (17). These changes represent significant results. The JHS group were the only group that made meaningful improvements to their activity levels (HAP (AAS)). The group started at a mean level that approximately equates to carrying out the rubbish or carrying groceries, to a mean level that equates to 5 minutes of non-stop aerobic dancing. The other two groups did not make meaningful changes to their activity level. Their starting level approximated cycling for 2 miles. It is interesting to note that at baseline 72% of the recruited participants in the JHS group had bilateral knee pain, whereas 19% had bilateral knee pain in the GJH group and 47% had bilateral knee pain in the control group. The bilaterality of pain might influence the degree of functional impairment and activity level. 
The degree of change of muscle strength for all three groups was 40% over 12 weeks. The degree of change of muscle strength in healthy, pain-free, young adults has been recorded at 180% over 12 weeks (20).  Rutherford’s exercise prescription was to lift maximum loads at low number of repetitions, which is appropriate when addressing strength in the absence of pain (13). Such a programme would be inappropriate here.
This programme was designed to investigate rate of change of strength therefore needed to incorporate many points of contact over time. It was not designed to test effectiveness and is not likely be an appropriate treatment programme for National Health Service settings. One reason is that the dropout rate was high (36%) in the JHS group suggesting the programme did not fulfil the needs of all the patients. In addition, the protocol targeted only lower limb strength and did not address other factors such as endurance and cardiovascular fitness, which are also likely to be important. Finally, the results of this study suggest the need for it to be continued over an even longer time frame to affect a greater change in strength. For this to succeed and be acceptable, the programme should incorporate education, strategies to help adherence and compliance well as the integration of self-management strategies. Designing such an intervention is beyond the scope of this study, particularly as Bathen et al (2013) and Palmer et al (2016) are preparing for such studies (1; 25). However, compliance with long-term exercise is likely to be key to the effectiveness of interventions. 
The following limitations of this study should be considered. The sex, pain, function and activity levels were not matched between cohorts at the start of this study. This may have impacted the rate of change of strength however, one might expect that rate would be slower in the presence of more severe pain and poorer function seen in the JHS group, which was not the case here. 
The exercises were individually tailored in a pragmatic way to ensure that the participants all started at an individualised, appropriate level and were progressed with respect of their ability. Although it would be an advantage for the research to deliver the same intervention to everyone in order to control for this variability, this would not be individualised care for the participants. 
The sample size was generated from the difference in strength between hypermobile and healthy people as there was no data regarding rate of change of strength. It may be that the sample size was not correctly estimated, however this seems unlikely. The confidence intervals for group by time were tightly held around zero. 
It is also important to consider the drop-out rate for this study, especially for the JHS group. Long term exercise is likely to be of benefit to people with JHS so it is an important challenge to consider how best to assist people to stay with a programme of exercise. Changing behaviour may be helped by access to bespoke information, encouragement and motivation from both clinicians and others with JHS, which could be accessed electronically are all likely to help.  

Conclusion
Encouragingly, JHS participants improved their muscle strength at the same rate as other participants. They started weaker and it took many months to reach the starting strength of their GJH peers. Their increase in strength related to their decrease in pain. To achieve this change, the exercises were tailored to the individual and started at a level appropriate to their functional ability. 
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Legends
Table 1. Protocol of outcome measures taken from baseline to 16 weeks. 
Table 2. The demographics of three cohorts; Joint Hypermobility Syndrome (JHS), Generalised Joint Hypermobility (GJH) and control group (CG). Sample size (n) and the * denotes significant differences. The abbreviations are Female (F), the Visual Analogue Scale (VAS) and Adjusted Activity Score (AAS). 
Table 3. Differences in concentric and eccentric torque and rate of change of torque between the Joint Hypermobility Syndrome (JHS) group and Generalised Joint Hypermobility (GJH) group compared to the control group (CG). A. Results adjusted for sex and age. B. adjusted for sex, age, pain, function and activity.
Table 4. Scores and change in the mean score of the pain (visual analogue scale (VAS)), activity (Human Activity Profile (HAP) and function (Lysholm) at the start and at 16 weeks. * represents significant differences.
Figure 1. Examples of different closed chain exercises prescribed to participants. When required the postures progressed from lying fully supported to less supported postures. They also ranged from isometric to eccentric, through range contractions. An example of an isometric contraction in a supported position was lying on the back pushing the feet into a wall.  A progression of this exercise was in sitting, pushing the foot into a ball, and then moving the ball on the wall. A further progression was positioned in standing using through range exercise such as step ups, wall slides and lunges.Figure 2. The mean ± standard error of the mean of concentric (A) and eccentric (B) muscle torque over time (weeks) of three groups; Joint Hypermobility Syndrome (JHS), Generalised Joint Hypermobility (GJH) and control group (norm). The dotted line denotes the linear relationship of strength and time. The fine dotted line denotes the time at which concentric and eccentric torque of the JHS group reaches the baseline mean torque of the GHS group.
Figure 3. A. The mean ± standard deviation of pain severity measured using a visual analogue scale (VAS) at baseline (Wk0) and at 16 weeks (Wk16) for Joint Hypermobility Syndrome (JHS), Generalised Joint Hypermobility (GJH) and control groups (CG).  B. The mean ± standard deviation of knee function measured using Lysholm Questionnaire at baseline (Wk0) and at 16 weeks (Wk16) for Joint Hypermobility Syndrome (JHS), Generalised Joint Hypermobility (GJH) and control groups (CG). C. The mean ± standard deviation of activity level measured using the Human Activity Profile (Adjusted Activity Score [AAS]) at baseline (Wk0) and at 16 weeks (Wk16) for Joint Hypermobility Syndrome (JHS), Generalised Joint Hypermobility (GJH) and control groups (CG).
