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ABSTRACT

             :::::Objective  Reduced maximal muscle strength and strength endurance has been found in patients with 

ile Ehlers-Danlos syndrome/Hypermobility Spectrum Disorder (hEDS/HSD) and is recognized as a hypermob

associated feature of the disorder. However, it is currently not documented to which extent these common 

          rs change over  time. Therefore, an 8-year  follow-up study was performed  to investigate this paramete

.evolution

                        Methods: Thirty female patients (mean age: 41 years) with hEDS/HSD and 17 controls  participated at 

nd eight years later. Maximal muscle strength and strength endurance tests of the knee flexors baseline a

sors (Biodex), and two lower limb posture maintenance tests were performed to evaluate static and exten

            endurance. In addition, muscle mass and density were evaluated by dual-energy X-ray strength 

metry and peripheral quantitative computed tomography. absorptio

               Results: aximal muscle strength and strength endurance were significantly lower at both baseline and M

       in the hEDS/HSD group compared to the control group  Maximal muscle strength of follow-up (p≤0.007).

   flexors (decreased in the control group: the knee pɳ2     : 0.139), strength endurance of the knee extensors 

           d in the hEDS/HSD group and increased in the control group: (decrease pɳ2     : 0.244) and muscle density 

d in the hEDS/HSD group: (decrease pɳ2: 0.263) showed a significantly different evolution over eight years. 

significant differences in evolution were found. No other 

n: n: n: n: n: Conclusio Decreased muscle strength was identified at both time points in patients with hEDS/HSD. The 

 of most muscle strength parameters over time did not significantly differ between groups. Future evolution

ould focus on effectiveness of different types of muscle training strategies in hEDS/HSD patients.studies shA
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NCE AND INNOVATIONS NCE AND INNOVATIONS NCE AND INNOVATIONS NCE AND INNOVATIONS NCE AND INNOVATIONS SIGNIFICA

          atients with hEDS/HSD demonstrate substantially higher pain scores, greater functional - P

           pairment and reduced lower  extremity muscle strength continuing over an  8 year period in im

mparison with CTRco

 atients with hEDS/HSD show no muscle atrophy or higher muscle lipid content in comparison with - P

TRC

              uscle strength parameters remain relatively stable in patients with hEDS/HSD after an 8 year - M

eriod, in which several factors may play a role such as physiotherapy and exercises.p

            nlos syndrome is a heterogeneous group of hereditary connective tissue disorders caused by Ehlers-Da

                in the genes encoding for collagen or enzymes involved in the processing or modification of mutationsA
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            collagen. Hence, the most important consequences are joint hypermobility, tissue fragility and skin 

             nsibility (1). The current EDS classification distinguishes 13 subtypes, caused by defects in 19 hyperexte

genes (2). However, the genetic basis of the hypermobile type of EDS, which is the most common different 

emains largely unknown and is therefore based on clinical criteria. subtype, r

, these clinical criteria have been revised in order to describe hypermobile EDS in detail and to Over time

 it from related conditions. Initially, ‘the hypermobility type of Ehlers-Danlos syndrome’ (EDS-HT) delineate

             ribed based on its major and minor clinical characteristics, which include generalized joint was desc

ility and a hyperextensible or soft velvety skin (major criteria), a positive family history, recurrent hypermob

cations, and chronic pain (minor criteria) (1). In 2017, the description was refined and now also joint dislo

es associated soft tissue fragility (e.g. multiple abdominal hernias, prolapse of organs at the level emphasis

vic floor, etc.) (2). By consensus, the hypermobile type of EDS is now referred to as ‘hypermobile of the pel

            S). Patients with a previous  diagnosis of  EDS-HT who  no longer fully meet  the stricter 2017 EDS’ (hED

r hEDS, are now described as having ‘Hypermobility Spectrum Disorder’ (HSD). Consequently, a criteria fo

atients diagnosed with EDS-HT in the past now consist of patients with hEDS and HSD.  group of p

           n to generalized joint hypermobility and recurrent joint  dislocations, patients with hEDS/HSD In additio

ltiple other musculoskeletal symptoms and problems. In 2012, Rombaut et al. identified reduced report mu

         muscle  strength and muscle  strength endurance in  43 patients with  hEDS/HSD, compared to maximal 

              ontrols (3). This decrease may result from musculoskeletal pain and exercise avoidance and is healthy c

e related to abnormalities of the extracellular matrix (ECM) of the muscle (2, 4, 5). By illustration, likely to b

              y Rombaut and colleagues found an increased tendon extensibility in patients with hEDS/HSD a study b

               to controls, which may lead to a decreased efficiency in force transmission (6). Another compared

 that supports the link between decreased muscle strength and connective tissue involvement, is argument

to-moderate neuromuscular involvement has also been found in several other types of EDS (4). that mild-

        tely, decreased muscle strength further compromises joint stability and contributes to altered Unfortuna

      t patterns and overload injuries in this patient population. Moreover, reduced maximal muscle movemen

             and muscle strength endurance, muscle cramps, ruptures and pain are related to activity strength 

s in hEDS/HSD (3, 5). Although Castori et al. (2010; 2013) mentioned muscle weakness as part of limitation

          se progression in hEDS/HSD, longitudinal studies about the evolution of muscle weakness over the disea

acking (7-9). As muscle weakness is a major contributor to functional impairment, knowledge of time are l

               cle strength changes over time may provide a crucial understanding of the quality of life, how mus

              and follow-up of patients with hEDS/HSD (3). Therefore, this longitudinal study aimed to prognosisA
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investigate the evolution of maximal muscle strength, muscle strength endurance, muscle mass and density 

s with hEDS/HSD over a period of eight years.in patient

 AND METHODS AND METHODS AND METHODS AND METHODS AND METHODSPATIENTS

 cipants1. Parti

 protocol was reviewed and approved by the Ethical Committee of Ghent University Hospital (EC This study

            017/1278), and written informed consent was obtained from all participants. Female patients number 2

           according to the Villefranche criteria, and controls matched for sex and age were selected in diagnosed

                  0 (at baseline or T1), as described by Rombaut et al. (2012) (3). In 2017 (at follow-up or T2), 2009-201

nd healthy controls (CTR) were contacted a second time. Thirty patients with hEDS/HSD and 17 patients a

ipated again at T2 (follow-up rate of 70% or n=30/43 and 40% or n=17/43 respectively). The main CTR partic

                or drop out were: no up-to-date contact details, work commitments or no interest. Of the 30 reasons f

reviously diagnosed with EDS-HT, ten patients had a hEDS diagnosis according to the 2017 EDS patients p

 while 20 were reclassified as having HSD (2,9). No differences in muscle characteristics between nosology,

ts with hEDS and HSD were found. Due to the small group hEDS patients (n=10), further analyses participan

ormed on the total patient group, referred to as ‘hEDS/HSD’ in this paper.were perf

 edure2. ProcA
cc

ep
te

d 
A

rt
ic

le
Printed by [U

niversiteitsbibliotheek G
ent - 157.193.048.038 - /doi/epdf/10.1002/acr.24220] at [22/02/2021].



This article is protected by copyright. All rights reserved

               Participants were invited by e-mail or phone to participate in this follow-up study at Ghent University 

               A few weeks before the measurements, each participant was asked to fill in a self-developed Hospital. 

      questionnaire evaluating physiotherapy, sports, physical activities and medical history (injuries, follow-up

and pregnancies) over the past eight years. surgeries 

aracteristics, including age, height, weight and body mass index (BMI) were collected. Lean mass Subject ch

 leg (LMDL; kg) and subtotal lean mass (whole body without the head (SLM); kg) were evaluated dominant

ody dual x-ray absorptiometry (DXA) with a Hologic QDR-Discovery device (software version 2.3.1; by total b

edford, MA, USA) (3). Furthermore, muscle density of the dominant leg (mg/cmHologic, B 3), which reflects 

ontent of the muscle (the lower the muscle density, the higher the lipid content),  was measured the lipid c

eral quantitative computed tomography (pQCT) with a XCT-2000 device (Stratec, Medizintechnik, by periph

, Germany) (10). Subsequently, participants were evaluated according to the protocol described Pforzheim

below. 

 surements3. Mea

        he measurements, general average  severity on the day of the tests was measured using a Prior to t pain

log scale (VAS, mm) (3). visual ana

             muscle strength Maximal of the knee flexors (Hamstrings; FL) and extensors (Quadriceps; EX) was 

          by isokinetic tests (Biodex) at an angular velocity of 60°/sec and five repetitions following the evaluated

    escribed by Rombaut et al. (2012). If test results showed a coefficient of variation higher than protocol d

test was repeated (11). Absolute peak torque (PT; Nm), i.e. the highest force output accomplished 15%, the 

scle at any moment during a repetition, was assessed and PT/SLM (Nm/kg) and PT/LMDL (Nm/kg) by the mu

ulated for both knee flexion and extension.were calc

                 rength enduranceMuscle st  of the FL and EX was evaluated by isokinetic tests at an angular velocity of 

                and 30 repetitions, and of the lower limb muscles by two posture maintenance tests in which 240°/sec 

                  ts had to hold a posture as long as possible, as explained by Rombaut et al. (2012). For the participan

       tests,  the  amount of  work performed  during  all  30  repetitions  (total  work;  J), the first ten isokinetic

          s (work first  third; J)  and last  ten repetitions  (work last  third; J)  and the  ratio of difference repetition

                 those first and last ten repetitions or work fatigue (%) were assessed for the knee flexors and between 

  .  For  the  posture maintenance  tests,  the  length  of  time  (sec) during  which  a  patient  could extensors

             the correct position was recorded. Relative values (normalized for SLM and LMDL) were maintain 

 for total work (J/kg) and work fatigue (%/kg), and for SLM for posture maintenance (sec/kg). calculatedA
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Additionally, pain severity (VAS) was evaluated before and immediately after each muscle strength test and 

    after  each  muscle  endurance  test. Finally,    and    were 1 minute physical  activity functional  impairment

     ly evaluated by the Baecke questionnaire and Arthritis Impact Measurement Scales (AIMS) (3). respective

lity, walking and bending, hand, finger and arm function subscales of the AIMS as well as the total The mobi

ore were used for analyses. Baecke sc

 stical analyses4. Stati

ysis was performed using the statistical package SPSS version 24. Normality was evaluated using Data anal

ro-Wilk test and Q-Q plots. Data (normally distributed) are shown as mean ± SD, except for the the Shapi

        stionnaire (not normally distributed), which is shown as medians and interquartile ranges. Pain AIMS que

              e shown as clustered box plots with medians and interquartile ranges. As all statistical scores ar

ns were fulfilled, repeated measures ANOVA was performed to identify significant differences in assumptio

 between both groups (hEDS/HSD and CTR). From a clinical point of view age, pain and BMI are evolution

 factors impacting muscle strength. However, due to a small sample size, only the variable with important

            st impact (BMI) was included  as a covariate. Post  hoc paired-sample T tests  with Bonferroni the bigge

              were executed when a significant interaction (time*group) effect was observed, in order to correction

              ignificant time effects within either the hEDS/HSD group or CTR group. For the AIMS identify s

 aire,  a  non-parametric  Wilcoxon  test  was  performed  to  identify  significant  time  effects and questionn

itney’s U test for group differences on T1 and T2 and for the difference scores of the two time Mann-Wh

tween hEDS/HSD and the CTR group, all with Bonferroni correction. P values less than 0.05 were points be

d statistically significant. Additionally, size effect estimates are shown by partial eta squared considere (pɳ2) 

ted measures ANOVA and eta squared for repea (ɳ2  ) for Mann-Whitney’s U test, of which values of 0.01, 

0.14 represent small, medium and large size effects respectively (12). Finally, results of the follow-0.06 and 

onnaires were analyzed by descriptive statistics (frequency tables) and pain severity scores before up questi

the muscle strength tests by an independent samples T test. and after 

RESULTS

 acteristics1. Char

   aracteristics at both T1 and T2 are presented in Table 1. There were no significant differences Subject ch

the patient and CTR group at baseline nor at follow-up, except for a significantly higher Beighton between 

                 he patient group in comparison with the CTR group at T1 (p<0.001). The evolution in muscle score in t  

as significantly different between the hEDS/HSD and CTR group (p time*group=0.001, density w pɳ2: 0.263), A
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                  with a mild decrease in muscle density in the hEDS/HSD group over time (p<0.001), but not in the CTR 

er eight years, SLM increased significantly (main effect for time: p=0.012), with a similar evolution group. Ov

roups. for both g

 mal muscle strength 2. Maxi

              muscle strength results are presented in Table 2. The repeated measures analysis of variance Maximal 

 significant group effect for all maximal muscle strength variables, indicating that the hEDS/HSD showed a

s significantly weaker than the CTR  at baseline and follow-up (main effect for group:  group wa p≤0.011).

tion of most maximal muscle strength variables did not significantly differ between patients and The evolu

pt for the peak torque of the FL and these normalized for LMDL (p time*group=0.012, CTR, exce pɳ2=0.139 

e*group=0.045, and p tim pɳ2=0.099 respectively) due to a significant decline over eight years in the CTR 

0.052 and p=0.028 respectively) whereas the patient group appeared to remain stable (p=1.000). group (p=

ore, no changes over time were observed.Furtherm

 le strength endurance (supplementary table)3. Musc

rength endurance results are presented in the supplementary table. Absolute and relative values Muscle st

             ork and  work performed  in the first and last  ten repetitions  were significantly lower in the of total w

          group compared to the CTR at baseline and follow-up (main effect for group:  Work hEDS/HSD p≤0.004).

xpressed as a ratio of difference between the work first third and last third (absolute and relative fatigue, e

id not significantly differ between the two groups at T1 and T2, except for work fatigue of the FL values), d

d for SLM and LMDL (p=0.045 and p=0.028 respectively).normalize

nt different evolution of total work (absolute and relative values) and work in the first and last A significa

ormed by the EX was identified (p  third perf time*group≤0.022, pɳ2 varying between 0.121 - 0.363; figure 

oc tests showed a decrease of total work and work first third performed by the EX in the patient 1). Post h

0.006 and p=0.002 respectively), in contrast to an increase of total work and work last third in the group (p=

 over eight years (p=0.010 and p=0.032 respectively). No differences in evolution for the FL were CTR group

          Work fatigue (absolute  and relative  values) of the  extensors and  flexors showed a  similar observed.

          and no  significant changes  over time  except for work  fatigue of  the FL  which significantly evolution

 over time (main effect for time: p=0.025).improved
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            Posture maintenance tests (absolute and relative values) showed significantly lower values in the 

 group compared to the CTR group over both time points (main effect for group: p<0.001). No hEDS/HSD

t differences in evolution or over time were found between both groups. significan

 associated with maximal muscle strength and muscle strength endurance tests.4. Pain 

rity was significantly higher at baseline and follow-up in the patient group in comparison with the Pain seve

, both before and after the strength tests (p<0.001, figure 2).CTR group

 tionnaires 5. Ques

              f the questionnaires are presented in Table 3. Functional impairment (p<0.001) and pain were Results o

              tly higher and physical activity significantly lower in the hEDS/HSD group compared to the CTR significan

     baseline  and follow-up (main effect  for  group:    All  variables  showed  no  significant group at p≤0.001).

evolution between the two groups and no significant changes over time. different 

             the follow-up questionnaire showed that over eight years, 40% of the patients reported they Results on

hysiotherapy multiple times a week, 20% weekly, 13.3% monthly and 16.7% incidentally. This is received p

               st to the CTR, of which 0% received physiotherapy weekly or monthly and 64.7% incidentally. in contra

            rapy sessions were reported to consist mainly of stabilisation exercises (hEDS/HSD: 60%, CTR: Physiothe

      anual therapy  (hEDS/HSD: 56.7%,  CTR: 58.8%),  muscle strength  training  (hEDS/HSD: 53.3%, 23.5%), m

            ) and massage (hEDS/HSD: 50%, CTR: 0%). Additionally, 33.3% of the patients performed CTR:17.6%

multiple times a week, 20% weekly and 10% monthly, whereas 5.9% of the CTR exercised multiple exercises 

           eek or  weekly and 0%  monthly. The  most commonly reported sports and  physical activities times a w

n by the participants included walking (hEDS/HSD: 60%, CTR: 70.6%), cycling (hEDS/HSD: 46.6%, undertake

          %), swimming (hEDS/HSD: 43.3%, CTR: 41.2%) and aquagym/hydrotherapy (hEDS/HSD: 26.7%, CTR: 76.5

 Regarding their medical history over the eight years, compared to the CTR group, more of the CTR: 0%).

oup reported experiencing injuries (hEDS/HSD: 56.7%, CTR: 47.1%) and one or more (any type of) patient gr

              (hEDS/HSD: 56.1%, CTR: 35.3% ). Similar proportions of each group also reported having given surgeries 

ne or more children over the eight years (hEDS/HSD: 13.4%, CTR: 11.8% ). birth to o

NNNNNDISCUSSIO

 has provided new insight into the evolution of muscle strength over a period of eight years in This study

              ith hEDS/HSD in comparison with CTR. In general, at baseline and follow-up, maximal muscle patients wA
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strength and muscle strength endurance were significantly lower in patients than in CTR. The main finding 

dy is that the strength parameters remained relatively stable in the patient group over a period of of this stu

s.eight year

uscle strength and muscle strength endurance in patients compared to healthy controlsMaximal m

             the baseline results, maximal muscle strength and muscle strength endurance generally Similar to

 significantly lower at follow-up in the hEDS/HSD group in comparison with the CTR group. Several remained

ay be responsible for reduced muscle strength in hEDS/HSD (3). factors m

        ted by Rombaut et al. (2012), musculoskeletal pain related to joint hypermobility, subluxations As sugges

            ral sensitization processes may contribute to lower muscle strength by inhibiting maximal and cent

 contraction force (3, 4, 13, 14). This is in accordance with our results, showing significantly higher voluntary

s before and after the muscle strength tests in comparison with the CTR group. Future research VAS score

     on strength  generation  in (asymptomatic)  hypermobile individuals  could  further explore  this focusing 

impact. 

             ore, this study identified lower habitual physical activity levels in the hEDS/HSD group in Furtherm

n with the CTR, which may lead to deconditioning and decreased muscle strength (15). compariso

ults on DXA scans were compared the CTR, this study did not identify any signs of muscle atrophy When res

S/HSD group, which is in accordance with previous studies (1, 3, 4, 16-18). Therefore, it is less in the hED

              t muscle atrophy could provide an explanation for the observed lower muscle strength in likely tha

. hEDS/HSD

n, alterations in the structural integrity of the connective tissue in the tendons and surrounding In additio

e cells could contribute to a reduced force transmission from the muscle fibers onto the skeleton, the muscl

                leading to an altered muscle function and reduced muscle strength (3, 4, 19, 20). Poor eventually

           ption, associated with generalized joint hypermobility, may be related to reduced muscle proprioce

s well (19). strength a

of maximal muscle strengthEvolution 

           nt study did not demonstrate any significant changes in maximal muscle strength over time in The prese

      patients. However, a decrease of maximal muscle strength generated by the knee flexors was hEDS/HSD

 in the CTR group. identifiedA
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 decrease of maximal strength in the CTR could be explained by an age-related deterioration of Though a

nction, this decline appears to be absent in the hEDS/HSD group (21-23). The high engagement muscle fu

iotherapy and exercise in the hEDS/HSD group could give a likely explanation, as these are major with phys

    rs to the maintenance of muscle strength and mass over time and which are prescribed as an contributo

 aspect in the multidisciplinary treatment of the pathology (24, 25). Furthermore, more than half important

             ysiotherapy consultations consisted of muscle strengthening exercises in the patient group, in of the ph

   to  18%  in the  CTR  group.  Although  no  information  is  available  about  exact methods  of  this contrast 

raining and accomplished strength enhancements, these findings only suggest that physiotherapy strength t

ise could have a positive impact in preventing further deterioration of maximal muscle strength in and exerc

. hEDS/HSD

of muscle strength endurance Evolution 

l, this study identified no differences over time in static muscle strength endurance and muscle In genera

ndurance of the knee flexors in both groups. However, decreased muscle strength endurance of strength e

extensors in the hEDS/HSD group was observed, which is in contrast to the increase in the CTR the knee 

r a period of eight years. group ove

                tion of muscle strength endurance over time in the CTR group could be contributed to age-The evolu

      anges in muscle fiber type. Findings about changes of type I muscle fibers, mainly used during related ch

     g and aerobic endurance activities, are inconclusive but range from a higher type I/type II fiber daily livin

             on-affected type I fibers  during the aging  process (25-27). This eventually  could result in an ratio to n

r stabilization of muscle strength endurance, as shown in the CTR group of this study. increase o

st, in the patient group, muscle strength endurance of the knee extensors significantly decreased By contra

period of eight years (total work and work in the first third of the isokinetic test). This might be over the 

 by the content of the physiotherapy sessions in hEDS/HSD patients participating in this study as explained

y focused on joint stability exercises (60%) and manual therapy (56.7%) over the past eight years this mainl

n improving muscle strength endurance, which is in accordance with research identifying smaller rather tha

 performed in the six minute walking test in comparison with healthy CTR (19). Furthermore, the distances

tation of cognitive-behavioral treatment (CBT) including coping strategies in the multidisciplinary implemen

t program for hEDS/HSD could provide a likely explanation why results on the strength endurance treatmen

e lower (28-30). It could be hypothesized that the decrease of total work over a period of eight tests wer

   he hEDS/HSD group can be attributed to coping strategies learned in physiotherapy sessions to years in tA
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avoid maximal load on the muscles and unstable joints. Decreased work in the first third might reflect that 

ith hEDS/HSD possibly try to spread the load over time in order to be able to perform the entire patients w

sting of 30 repetitions. However, CBT was not evaluated in this study, therefore this hypothesis test consi

urely speculative. remains p

plicationsClinical im

        n to the fact that pain and fatigue frequently occur in hEDS/HSD, reduced muscle strength is a In additio

tributor to functional impairment and has a considerable impact on the daily living activities of major con

ients (3, 14, 19, 31). For instance, as Hamstring muscles play a major role in power transfer in the these pat

remity, muscle weakness could lead to altered motor control and propulsion in these patients (19, lower ext

fore, treatment focusing on pain relief, joint stabilization exercises, coping strategies and muscle 32). There

ning exercises could be recommended in order to improve quality of life and reduce disability (9, strengthe

hysiotherapy plays a key role within the multidisciplinary team in the management of this patient 19, 33). P

               n (33). A pilot study performed by Bathen et al. (2013) showed positive effects on daily populatio

            g, kinesiophobia and both muscle strength and endurance after an intensive training program functionin

ing coping strategies. They suggest that improving muscle function in hEDS/HSD is possible (29). with learn

ore, endurance training in order to improve cardiovascular, physical and musculoskeletal fitness Furtherm

               included in the training program as we observed a longitudinally decreased muscle strength should be

e in hEDS/HSD (33). However, evidence-based clinical trials evaluating intervention programs are enduranc

              erefore, further research should determine whether or not exercise is effective in this patient scarce. Th

     d which  types  of exercises  should  be recommended,  specifically  to improve  maximal  muscle group an

nd muscle strength endurance in hEDS/HSD.strength a

 

 and limitationsStrengths

he first longitudinal study evaluating muscle strength parameters in patients with hEDS/HSD over This was t

s, with a high follow-up rate of the patients with hEDS/HSD. Along with objective measurements eight year

 strength, this study also retrospectively questioned several muscle strength related parameters. of muscle

 the results of the study should be viewed within the limitations of the study. First, the use of this However,

oped follow-up questionnaire could create a bias due to the dependence on the patient’s ability self-devel

his information. Secondly, patients were only measured twice over a period of eight years. Future to recall t

           ould systematically evaluate medical parameters, muscle strength and muscle mass preferably studies sh

 in order to better evaluate the evolution in this patient population. Thirdly, a low follow-up rate each year

              as achieved. However, no significant differences in outcomes (measured at T1) were observed of CTR wA
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between the drop outs and the follow-up participants, either in the patient group and the control group. 

e power of this study is decreased by this drop out, especially in the control group, the impact of Though th

               ollow-up rate is therefore probably limited. Finally, results cannot be generalized to the upper this low f

nly the lower limb was evaluated. limb, as o

nConclusio

ion, this follow-up study showed at baseline and follow-up a significant reduced muscle strength In conclus

le strength endurance in hEDS/HSD patients compared to the CTR, of which the underlying causes and musc

ly multifactorial. With regard to the evolution, the majority of the strength parameters remained are possib

                 stable in the patient group over a period of eight years. Future studies should focus on both relatively 

               ess and efficiency of different types of muscle training strategies and their effect on pain and effectiven

g in hEDS/HSD patients. functionin
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TABLES

ject characteristicsTable 1: Sub

hEDS/HSD group CTR group

T1 T2 T1 T2 P timeP timeP timeP timeP time P groupP groupP groupP groupP group P time*groupP time*groupP time*groupP time*groupP time*group

Age, years 41.3 ± 11.39 49.2 ± 11.36 40.65 ± 11.66 48.65 ± 11.78 <0.001* 0.892 0.398

BMI, kg/m² 27.3 ± 6.14 28.7 ± 5.79 24.5 ± 3.99 25.9 ± 4.93 0.011*0.011*0.011*0.011*0.011* 0.0870.0870.0870.0870.087 0.9810.9810.9810.9810.981

)Beighton (/9 6.7 ± 1.65° 4.2 ± 2.17 1.4 ± 1.62 NA NANANANANA NA    NA    NA    NA    NA    NANANANANA

SLM, kg 40.9 ± 6.31 43.2 ± 7.71 43.1 ± 5.71 44.8 ± 6.12 0.012*0.012*0.012*0.012*0.012* 0.3400.3400.3400.3400.340 0.6790.6790.6790.6790.679

LMDL, kg 7.3 ± 1.33 7.5 ± 1.46 7.9 ± 1.22 8.0 ± 1.15 0.1310.1310.1310.1310.131 0.2110.2110.2110.2110.211 0.4460.4460.4460.4460.446

sity, Muscle den

mg/cm 3

76.6 ± 2.34 74.3 ± 3.25 76.6 ± 1.65 76.7 ± 1.83 0.002*0.002*0.002*0.002*0.002* 0.1010.1010.1010.1010.101 0.001*0.001*0.001*0.001*0.001*

own as mean ± SD. hEDS/HSD: patient group; CTR: control group; BMI = Body Mass Index; SLM = Subtotal Lean Mass; Data are sh

                    an Mass Dominant Leg; T1 = at baseline (2009); T2 = at follow-up (2017); Kg: kilogram; NA: not applicable LMDL = Le

       ents were not performed at T2); P time: P value for comparison T2 with T1; P group: hEDS/HSD compared with CTR (measurem  

         e*group  = P  value of  comparison  evolution between  hEDS/HSD and  CTR  group,  *: P  <0.05; °:  P value  <0.05  of group; P tim

ompared with CTR group at T1 (analysed by an independent samples T test)hEDS/HSD c
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ximal muscle strength – absolute and relative valuesTable 2: Ma

hEDS/HSD group CTR group

PT T1 T2 T1 T2 P timeP timeP timeP timeP time P groupP groupP groupP groupP group P time*groupP time*groupP time*groupP time*groupP time*group pɳpɳpɳpɳpɳ22222

st at an angular velocity of 60°/secst at an angular velocity of 60°/secst at an angular velocity of 60°/secst at an angular velocity of 60°/secst at an angular velocity of 60°/secIsokinetic te

EX, Nm 85.3 ± 36.97 84.7 ± 31.12 128 ± 23.09 119.3 ± 23.39 0.9860.9860.9860.9860.986 <0.001*<0.001*<0.001*<0.001*<0.001* 0.2710.2710.2710.2710.271 0.0280.0280.0280.0280.028

FL, Nm 44.2 ± 21.43 45.4 ± 15.35 65.7 ± 14.18 58.7 ± 15.97 0.0680.0680.0680.0680.068 <0.001*<0.001*<0.001*<0.001*<0.001* 0.012*0.012*0.012*0.012*0.012* 0.1390.1390.1390.1390.139

/kgEX/SLM, Nm 2.1 ± 0.83 1.9 ± 0.62 2.9 ± 0.52 2.7 ± 0.52 0.6130.6130.6130.6130.613 0.001*0.001*0.001*0.001*0.001* 0.6810.6810.6810.6810.681 0.0040.0040.0040.0040.004

/kgFL/SLM, Nm 1.1 ± 0.45 1.1 ± 0.28 1.5 ± 0.26 1.3 ± 0.33 0.7500.7500.7500.7500.750 0.007*0.007*0.007*0.007*0.007* 0.0660.0660.0660.0660.066 0.0840.0840.0840.0840.084

m/kg EX/LMDL, N 11.7 ± 4.39 11.1 ± 3.54 16.0 ± 2.69 14.9 ± 2.73 0.5560.5560.5560.5560.556 0.001*0.001*0.001*0.001*0.001* 0.7610.7610.7610.7610.761 0.0020.0020.0020.0020.002

m/kgFL/LMDL, N 6.0 ± 2.25 6.1± 1.67 8.2 ± 1.39 7.1 ± 1.80 0.7070.7070.7070.7070.707 0.011*0.011*0.011*0.011*0.011* 0.045*0.045*0.045*0.045*0.045* 0.0990.0990.0990.0990.099

own as mean ± SD. hEDS/HSD: patient group; CTR: control group; PT: Peak torque; SLM = Subtotal Lean Mass; LMDL = Data are sh

          Dominant Leg; EX: knee extensors; FL: knee flexors; T1 = at baseline (2009); T2 = at follow-up (2017); Nm: Newton Lean Mass 

kilogram; P time: P value of comparison T2 with T1, P group: hEDS/HSD compared with CTR group, P time*group: P meter; Kg:  

                mparison evolution between hEDS/HSD and CTR group with BMI as covariate, *: P <0.05; value of co pɳ2    : partial eta squared 

 effect) for comparison evolution between hEDS/HSD and CTR group(relative size

estionnairesTable 3: Qu
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T1 T2 T1 T2 P timeP timeP timeP timeP time P groupP groupP groupP groupP group P time*groupP time*groupP time*groupP time*groupP time*group pɳpɳpɳpɳpɳ22222

eeeeeTotal Baeck 6.9 ± 2.13 7.2 ± 1.24 8.2 ± 1.44 8.6 ± 1.17 0.1940.1940.1940.1940.194 0.001*0.001*0.001*0.001*0.001* 0.7850.7850.7850.7850.785 0.0010.0010.0010.0010.001

VAS (/100) 40.8 ± 20.35 45.2 ± 21.65 7.1 ± 13.12 11.2 ± 13.64 0.1150.1150.1150.1150.115 <0.001<0.001<0.001<0.001<0.001 0.8360.8360.8360.8360.836 0.0000.0000.0000.0000.000

hEDS/HSD group CTR group

T1 T2 P timeP timeP timeP timeP time T1 T2 P timeP timeP timeP timeP time P diffP diffP diffP diffP diff ɳɳɳɳɳ 22222

AIMS

 Movement

abilities 

3.0  [1.5-5.0] 3.0 [1.5-4.1] 1.0001.0001.0001.0001.000 0.0 [0.0-1.3] 0.0 [0.0-0.0] 0.1760.1760.1760.1760.176 1.0001.0001.0001.0001.000 0.0090.0090.0090.0090.009

d Walking an

bending

6.0 [5.0–8.0] 6.0 [5.0-7.8] 0.7780.7780.7780.7780.778 0.0 [0.0-1.0] 0.0 [0.0-2.0] 0.6780.6780.6780.6780.678 0.3080.3080.3080.3080.308 0.0450.0450.0450.0450.045

inger Hand and f

function

4.5 [2.0-6.0] 3.2 [2.0-4.5] 0.6440.6440.6440.6440.644 0.0 [0.0-0.0] 0.0 [0.0-0.0] 1.0001.0001.0001.0001.000 0.7460.7460.7460.7460.746 0.0170.0170.0170.0170.017

nArm functio 2.5 [0.5-3.6] 1.5 [0.9-2.5] 0.0640.0640.0640.0640.064 0.0 [0.0-0.0] 0.0 [0.0-0.0] 0.6340.6340.6340.6340.634 0.3320.3320.3320.3320.332 0.0410.0410.0410.0410.041

istributed data are shown as mean ± SD, non-normal distributed data are shown as median [Q1–Q3]. AIMS: Arthritis Normally d

                     asurement Scales; VAS: Visual Analog Scale; T1 = at baseline (2009); T2 = at follow-up (2017); P time: P value of Impact Me

 T2 with T1; P group: hEDS/HSD compared with CTR group; P time*group: P value of comparison evolution between comparison

and CTR group; P diff: P value of comparison difference scores of T1 and T2 between hEDS/HSD and CTR group; *: P hEDS/HSD 

<0.05; pɳ2  partial eta squared (relative size effect) for comparison evolution between hEDS/HSD and CTR group; : ɳ2: eta squared 

 of Mann-Whitney’s U test). Higher scores on the AIMS, VAS scale and Baecke Questionnaire indicate higher functional (effect size

t, higher pain levels and higher physical activity respectively. impairmen

GENDSFIGURE LE

tal work, work first third and work last third for the extensorsFigure 1: To

line (2009); T2 = at follow-up (2017); WR first 1/3: work performed in the first third; WR last 1/3: work performed in T1 = at base

d; hEDS/HSD: patient group; CTR: control group; *: p<0.05the last thir
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Figure 2: Pain associated with maximal muscle strength and muscle strength endurance tests.

ox plots are shown with medians and interquartile ranges. T1 = at baseline (2009); T2 = at follow-up (2017); VAS = visual Clustered b

                       for pain; hEDS/HSD = patient group; CTR = control group; Blue bars = just before the test at baseline; red bars= analog scale

 after the test at baseline; green bars = 1 minute after the test at baseline; orange bars = just before the test at follow-immediately

ars = immediately after the test at follow-up; light green bars = 1 minute after the test at follow-up; * = outlierup; yellow b
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