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Abstract

Physiotherapy techniques are regularly prescribed in the hypermobile type Ehlers-
Danlos syndrome (hEDS) and they are appreciated by the patients. The objective of
this systematic review was to investigate the effect of the different physiotherapy
techniques related to the children and adult patients with hEDS. PubMed,
SPORTDiscus, Cochrane Library, PEDro, Scopus, and Embase databases were ana-
lyzed from inception to April 2020. Characteristics of the studies (authors), patients
(sample size, sex, age, Beighton score), and nonpharmacological treatment (length of
the program, number of session, duration of the session, and type of intervention),
and the results with the dropout rate were extracted. From the 1045 retrieved refer-
ences, 6 randomized controlled trial with a sample size ranging from 20 to 57 patients
were included in the systematic review. There was a huge heterogeneity in the inter-
ventions. The durations of the program were from 4 to 8 weeks. Pain or propriocep-
tion demonstrated significant improvements in the intervention group regardless of
the type of intervention. A benefit of the inspiratory muscle training was observed
on functional exercise capacity. The quality of life was systematically improved. Phys-
iotherapy benefits on proprioception and pain in patients with hEDS even if robust

randomized control studies are missing.
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disorders. The prevalence of hEDS is estimated to be over 2% in Cau-
casians (Fikree et al., 2013) and it affects more often women

Ehlers-Danlos syndrome (EDS) comprises a group of inherited con-
nective tissue disorders that affect many body systems (gastrointesti-
nal, cardiovascular, skeletal, and so on) (Byers & Murray, 2014). The
2017 international classification recognizes 13 clinical subtypes of
EDS (Malfait et al., 2017). The hypermobile type Ehlers-Danlos syn-
drome (hEDS) is the most common subtype of the EDS (>80% of the
case) and possibly the most common of all hereditary disorders of
connective tissue. A distinction is now made between hEDS, isolated,

nonsyndromic joint hypermobility and hypermobility spectrum
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than men.

The patients with hEDS suffer from various musculoskeletal dis-
orders such as tendinopathies, joint dislocation or subluxation, arthral-
gia, widespread pain, muscle weakness, gait abnormalities, or early
onset osteoarthritis (Fikree et al., 2013; Rombaut et al., 2012; Scheper
et al., 2017) but other clinical manifestations (digestive disorders,
fatigue, etc.) can also be found (Bravo & Wolff, 2006; Voermans
et al.,, 2011; Zeitoun et al., 2013). These patients are less active and
present a reduced physical capacity with some functional limitations
(Rombaut et al., 2010; Rombaut et al., 2012; Scheper et al., 2017).
Even if many patients with hEDS have exertional dyspnea and
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breathing difficulties, the lung function cannot be considered as the
cause (Reychler et al., 2019).

The approach in hEDS is holistic and the treatment focuses on
the signs, symptoms, and complications of the patients. Despite the
medications (>90% of the patients) and the surgery (>70% of
the patients) are frequently prescribed, other nonpharmacological
approaches are often proposed in hEDS (Rombaut et al, 2011).
Indeed, apart from the psychological support, physiotherapy including
physical exercise, neuromuscular electrical stimulation, hydrotherapy,
massage, muscle and stability training, stretching, and manual therapy
are regularly prescribed or used by the patients with hEDS to counter-
act the physical and functional impairments. Although the physiother-
apy techniques are heterogeneous and the evidence for these
treatments is mainly based on expert or expert committees' opinions,
they are appreciated by the patients and showed a positive effect in
63.4% of cases (Rombaut et al., 2011).

The aim of this systematic review was to investigate the effect of
the different physiotherapy techniques found in the literature and
related to the children and adult patients with hEDS.

2 | METHODS

21 | Protocol

This systematic review was implemented according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al., 2009). Based on this statement, the struc-
tured search, study selection, and risk-of-bias assessment of individual

studies were included in this review.

2.2 | Search strategy

Two investigators (G. Reychler, M.-M. De Backer) performed the sys-
tematic search in PubMed, SPORTDiscus, Cochrane Library, PEDro,
Scopus, and Embase databases from inception to end of April 2020.
The search strategy used was defined with the PICOS criteria: Partici-
pants (Ehlers-Danlos, Joint hypermobility, Hypermobile syndrome) -
interventions (physiotherapy techniques) - comparator (usual care or
another exercises program) - Outcome (pain, proprioception, quality
of life, functional capacity) - study design (randomized controlled
trial). The search strategy was adapted to all databases. A secondary
hand-searching from the reference lists of the retrieved articles as
well as the use of the PubMed related articles option completed the
database searches.

The terms related to the interventions (musculoskeletal manipula-
tions, physiotherapy, physical therap*, rehabilitation, osteopathy,
manual therap*, massage, exercis*, physical activit*, sport, physical
training, strengthening, strength training, resistance training, stabiliza-
tion, endurance, aerobic, balance, coordination, motor control, propri-
oception, hydrotherapy, treadmill, cycloergometer, walk*, swim*,

relaxation, stretching, mind-body, tai chi, yoga, and gigong) were
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combined with them defining the disease (Ehlers-Danlos, joint hyper-

mobility, hypermobil* syndrome).

2.3 | Inclusion and exclusion criteria

The randomized controlled trials evaluating the effects of non-
pharmacological modalities in adult subjects diagnosed with hEDS
were included.

The studies had to report at least one of the following parameters
as outcome to be included: pain, proprioception, quality of life, impact
on daily life, or functional or physical capacity. The articles published
before the definition of the diagnostic criteria of hEDS (Beighton
et al., 1998) and in other languages than English, Spanish, and French
were excluded. Abstract-only papers were excluded. Studies reporting
mixed data including patients with different diseases were also

excluded.

24 | Study selection

Two independent reviewers (G. Reychler and M.-M. De Backer) iden-
tified the eligible studies and reviewed them against the selection
criteria. Duplicates were removed before the screening. The retrieved
studies were then screened based firstly on titles and abstracts and
secondly on full-text articles. A third independent reviewer (G. Caty)

resolved the disagreements in the selected studies.

2.5 | Data extraction and analysis

The extracted data were the characteristics of the studies (authors),
patients (sample size, sex, age, and Beighton score), and non-
pharmacological treatment (length of the program, number of ses-
sions, duration of the session, and type of intervention) and the
results with the dropout rate. Meta-analysis was not conducted due
to the small number of studies retrieved and the heterogeneity in
their respective interventions and outcomes. Therefore, this review
focused only on description and qualitative synthesis of the identified

studies.

2.6 | Risk of bias

The assessment of the methodological quality of the selected studies
used the quality appraisal tool developed by Downs and Black. This
tool comprises 27 questions (maximum total score of 28) and evalu-
ates the quality of reporting (10 items), the external validity (3 items),
the bias and confounding elements (13 items), and the statistical
power (1 item) of all the studies (O'Connor et al., 2015). A grade rang-
ing from “poor” (<14 points) to “excellent” (24-28 points) was
assigned to each study evaluated by this quality appraisal tool
(O'Connor et al., 2015).
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3 | RESULTS

3.1 | Studies selection

The process of studies selection is highlighted in the PRISMA flow-
chart (Figure 1). One thousand and forty-five references were
retrieved from the different databases and other sources. After dupli-
cates removal, 525 items were screened with titles and abstracts,
from which 12 were read in with full-text. From this analysis, six ran-
domized controlled trial were included in the systematic review to the
qualitative analysis (Daman et al., 2019; Kemp et al., 2010; Pacey
et al., 2013; Reychler et al., 2019; Sahin et al., 2008; Toprak Celenay &
Ozer Kaya, 2017). The reasons for exclusion are highlighted in
Figure 1.

3.2 | Characteristics of the studies and patients

The characteristics of the studies are presented in Table 1. All the
retrieved studies comprised a sample size ranging from 20 to
57 patients, with a total of 212 patients recruited. Among the patients
included, there were mainly women (from 65% to 100%) in the stud-
ies. The mean age of the patients ranged from 10.9 to 49.5 years and
two studies were performed in children. The mean Beighton score
was 6.4 and ranged from 5.7 to 7.6 but two studies did not mention
this score (Daman et al., 2019; Sahin et al., 2008).

3.3 | Intervention

There was a huge heterogeneity in the interventions evaluated.
The muscle training was the most frequent intervention with exer-
cise to improve the proprioception. The interventions mainly
focused on the lower limbs even if one of them targeted the inspi-
ratory muscles. Two out of the studies proposed interdisciplinary
programs with therapeutic education sessions. Only one study
compared two different modalities. All physiotherapy programs but
one were supervised.

The durations of the program were from 4 to 8 weeks. The num-
ber of sessions by week were highly variable and varied from 1 to
5 sessions. The duration of the sessions was between 30’ and 60'.
The dropout rate was relatively important in two studies along one
with showing a dropout rate higher than 25% (Kemp et al., 2010). The

dropout rate was low or unreported in the other studies.

3.4 | Results

All the results are summarized in Table 2. All the studies evaluating
pain (Daman et al., 2019; Kemp et al., 2010; Pacey et al., 2013; Sahin
et al., 2008; Toprak Celenay & Ozer Kaya, 2017) or proprioception
(Daman et al., 2019; Sahin et al., 2008) demonstrated significant dif-
ference between intervention and control groups and improvements
were only observed in the intervention group. Moreover, the

c
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FIGURE 1 PRISMA flowchart
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TABLE 1  Characteristics of the selected studies
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Dropout
Author Population Intervention and comparator Outcomes (%)
Sahin (18) N (%F) = 40 (85) 8 weeks IG (n = 15): kinesthesia and exercises Pain (VAS) 0
269 +7.1y 24 sessions of balance Proprioception (Isokinetic
BS: NA ~30'/session CG (n = 25): usual care Dynamometer)
Supervised
Impact (AIMS-2)
Kemp (16) N (%F) = 57 (66) 6 weeks IG (N = 30): targeted program Pain (VAS + Wong Baker scale) 28
10.9 + 2.5y 6 sessions. correcting r.no.ti.on control of Functional exercise capacity
BS: 58+ 1.6 ~30'/session symptomatic joints (6MWT)
Partly CG (N = 27): generalized physical .
supervised activity program of graded exercises Pain (VAS parents)
Impact (VAS parents)
Functional abilities in daily living
activities (CHAQ parents)
Pacey (17) N (%F) = 25 (65) 8 weeks IG (N = 11): competency-based Pain (VAS) 4
12+ 29y 6 sessions progressive physiotherapy program Impact of the intervention (PGIC)
BS:74+1.2 30-60'/session focused on improving strength and
Supervised control around the knee joint into Strength (LL) (hand-held
knee hyperextension range dynamometer)
CG (N = 14): competency-based Functional abilities in daily living
progressive physiotherapy program activities (CHAQ)
focused on improving strength and 2’ step test
control around the knee joint into Parents reported HRQoL (CHQ)
neutral knee extension
Daman (15) N (%F) = 24 (100) 4 weeks IG (N = 12): combined therapy with Pain (VAS) NR
222+ 1.3y 12 sessions closed kinetic chain exercises and Proprioception (Isokinetic
BS: NA ~30'/session proprioception exercises Dynamometer)
Supervised CG (N = 12): usual care
QoL (SF36)
Toprak (19) N (%F) = 46 (100) 8 weeks IG (N = 18): spinal stabilization Pain (VAS) 21
20.6 £ 2.2y 24 sessions exercise Endurance (muscle) (McGill test)
BS=76+10 40-45'/session CG (N = 20): usual care
Supervised Postural stability (Biodex Balance
System)
Reychler N (%F) = 20 (100) 6 weeks IG (N = 9): inspiratory muscle training Inspiratory muscle strength (SNIP) 5
(11) 49.45 + 445y 30 sessions (threshold) Lung function
BS:1G5.9 £0.7 6 x 10 CG (N = 10): usual care

CG:57+0.5 repetitions/
session

Nonsupervised

Note: Mean * SD.

Functional exercise capacity
(6MWT)

Anxiety and depression (HADS)

Abbreviations: %F, percentage of women; 6MWT, 6 minute walking test; AIMS-2, Arthritis Impact Measurement Scales-2; BS, Beighton score; CG, control
group; CHAQ, Childhood Health Assessment Questionnaire; CHQ, Childhood Health Questionnaire; HADS, Hospital Anxiety Depression Scale; IG,
intervention group; N, sample size; NR, nonreported; PGIC, Patient's Global Impression of Change; SF36, 36-item Short Form Health Survey; SNIP, sniff

nasal inspiratory pressure; VAS, visual analog scale.

improvements in the intervention group were observed regardless of
the type of intervention.

In the studies comparing two exercises program, the investi-
gated treatment demonstrated better result than the comparative
group (Kemp et al., 2010; Pacey et al., 2013). The benefits were
maintained after 3 months postintervention in one study (Kemp
et al., 2010).

The changes in functional aspects varied according to the evalua-
tion tools and the intervention program investigated in the studies. A

benefit of the inspiratory muscle training was observed on functional

exercise capacity measured using the 6 minute walking test (6MWT)
compared to a control group (Reychler et al., 2019). Conversely, two
other studies failed to show a benefit on functional exercise capacity
(quantified by maximal field test) after different programs of exercises
(Kemp et al., 2010; Pacey et al., 2013). In these studies, the effect was
quantified by field test that can be considered as maximal test. Some
domains from global questionnaires (Arthritis Impact Measurement
Scales-2 [AIMS-2; Sahin et al., 2008], Childhood Health Questionnaire
[CHQ; Pacey et al., 2013], SF-36 [Daman et al., 2019]) focused on
functional or physical status of the patients.
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The quality of life was better in the intervention group compared
to the control group after the sessions but only the physical domain
(Daman et al., 2019) and it improved with the interventions when it
was included in the outcomes (Daman et al., 2019; Pacey et al., 2013).
In the study comparing two exercises program into different range of
motion, patients exercising into the hypermobile range showed a
greater benefit in the psychosocial summary score of the CHQ and in
self-esteem, behavior, and mental health domains, and a lower
improvement in the physical summary score than the subjects exercis-
ing into their neutral range (Pacey et al., 2013).

The muscular endurance was improved by static exercises com-
pared to the control group whatever the muscular group evaluated
(Toprak Celenay & Ozer Kaya, 2017). An improvement was only
observed in the intervention group. Only one study assessing the
effect of inspiratory muscle training focused on the lung function and
inspiratory muscle strength and showed an improvement in these out-
comes (Reychler et al., 2019).

3.5 | Quality assessment of the studies

The Downs and Black scores are shown in Table 3. The median score
of the studies was 21.5/28 and it ranged from 18 to 23/28. One study
was classified as “Fair” and the others were considered as “Good.”

4 | DISCUSSION
This is the first systematic review on the physical treatments of
patients with hEDS even if there was one focusing on children and
including the two of our retrieved studies (Peterson et al., 2018). Our
results highlight the paucity of randomized clinical trials on the physi-
cal treatment in hEDS although the retrieved studies were methodo-
logically well-designed. Pain and proprioception were the most
consistently reported outcomes and the results of these studies are
univokely positive in comparison of usual care. They showed that
these two outcomes improved whatever the physical treatment pro-
posed both in children and adult patient with hEDS.

Due to the lack of proprioception observed in these patients
(Robbins et al., 2020), specific exercises should be included in the
treatment since an improvement was systematically observed in

the three studies reporting this important outcome (Daman

et al., 2019; Sahin et al., 2008; Toprak Celenay & Ozer Kaya, 2017).
Although, the improvement was statistically significant in comparison
with control group in two studies, one study did not report the inter-
group comparison. These exercises are design to restore the motor
control of lower limbs and to maintain a good balance. Pain is also an
important symptom in this disease since 90% of patients with hEDS
are concerned (Voermans et al., 2010). Then, it is not surprising to find
it as outcome in many studies. However, it is worth to be note that
only the sensory domain of pain was assessed in different studies. An
intergroup difference on pain was observed in all the studies per-
forming such a comparison (Daman et al., 2019; Toprak Celenay &
Ozer Kaya, 2017). Until now, the underlying mechanisms of pain in
hEDS are poorly understood even if nociceptive and neuropathic pain,
impaired proprioception, muscle weakness, and central sensitization
are likely contributing factors. Then, the pain improvement could be
related to the benefit observed in proprioception. Moreover, a rela-
tionship between pain and proprioception improvements was demon-
strated (Ferrell et al, 2004; Revivo et al, 2019). Indeed, the
proprioception helps to protect against the damage related to hyper-
extension. Different physiotherapy modalities were demonstrated to
be beneficial on the mechanisms of pain.

As expected, due to the well-known consequences of this disease
on the cardiorespiratory system, three studies focused on cardiorespi-
ratory consequences of the disease by assessing the functional exer-
cise capacity (Kemp et al., 2010; Pacey et al, 2013; Reychler
et al, 2019). Only one study compared intervention and a control
group and showed an intergroup difference on this outcome (Reychler
et al., 2019). The walked distance improved only after 6 weeks in the
inspiratory muscle training group compared to the control group and
the gain suggests a clinically effect even if no minimal clinically impor-
tant difference was determined in this population for 6MWT.
Cardiovascular-related autonomic dysfunctions have been observed
in more than 20% of these patients (Krahe et al., 2018). In addition,
the sedentary lifestyle of these patients related to pain, fatigue, and
hypermobility and instability of joints may cause muscle weakness
(Reychler et al., 2019), thereby justifying more robust evaluation of
the effect of physical exercise following the model of pulmonary reha-
bilitation. The poor respiratory muscle function observed in these
patients reinforces this opinion. Postural orthostatic tachycardia syn-
dromes that are characterized by an excessive heart rate increase
were associated to EDS (Wallman et al., 2014). Moreover, the postural

orthostatic tachycardia syndrome improved after exercises program

TABLE 3 Quality results of the selected studies evaluated by the downs and Black quality tool

Study quality (10) External validity (3) Study bias (7) Confounding and selection bias (6) Power (1) Total/ 28
Sahin (18) 7 2 6 5 1 21
Kemp (16) 8 2 5 5 1 20
Daman (15) 7 1 6 3 1 18
Pacey (17) 9 3 5 5 1 23
Toprak (19) 8 1 ) 5 1 21
Reychler (11) 8 1 7 5 1 22
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(Fu et al., 2011; Shibata et al., 2012). Altogether, these elements could
explain the notable benefit of a specific cardiorespiratory exercise
program in patients with hEDS.

The quality of life is an important outcome in patients with hEDS.
Surprisingly, it was not frequently included in the outcomes of the
retrieved studies. It is then difficult to state on this outcome due to
the lack of data even if the only study focusing on an intergroup com-
parison demonstrated a benefit (Daman et al., 2019).

Only six randomized clinical trials about the non-
pharmacological treatment in hEDS were retrieved in the different
database. Similar results to these studies were found in observa-
tional studies that also showed benefits (Ferrell et al., 2004; Rev-
ivo et al, 2019). However, such observational studies cannot
avoid the Hawthorne effect implying that individuals modify an
aspect of their behavior in response to their awareness of being
observed. This effect could influence the results of observational
studies or control groups in this disease because the expectations
of the patients are high due to the lack of awareness, heterogene-
ity of clinical presentation, and reliance on physical examination
for diagnosis which generate misunderstandings (Grahame, 2013;
Kumar & Lenert, 2017). However, Ferrell et al. assessed the
patients at three moments (at inclusion, after a “no intervention”
period, and after the intervention) and a benefit was observed for
strength, proprioception, balance, and quality of life only after the
intervention but not after the period free of treatment (Ferrell
et al., 2004). These results reinforce the idea that neither Haw-
thorne effect nor training effect can explain the benefits observed
in the studies.

Two studies compared the effect of two different modalities of
treatment and found no difference between them (Kemp et al., 2010;
Pacey et al., 2013). If we consider that the benefit of physiotherapy
techniques is evident based on the results of the other included stud-
ies, thus the optimal settings remain to be determined. Further studies
should focus on this element.

Despite the supervision found in a lot of studies, the rate of drop-
out was dramatically high even if it was discordant between studies.
This high dropout rate was mainly due to the nonattendance of the
patients to the sessions. Such dropout rate was already observed in
this population of patients (To & Alexander, 2019). Different hypothe-
sis can explain this rate such as unfulfilled needs of the patients, great
number of medical visits, and distance from home to the center. This
element has to be taken into account in further studies and barriers
generating this high rate should be understood to improve the
adherence.

Some limitations must be addressed in relation to this systematic
review. The main limitation is the influence of the diagnosis. Indeed,
new criteria to make a distinction made between hEDS, isolated, non-
syndromic joint hypermobility, and hypermobility spectrum disorders
were established only recently (Malfait et al., 2017). Before this date,
some patients could have been included based on other criteria.
Another limitation is the small number of studies and the heterogene-
ity of their interventions and outcomes which precluded any meta-

analysis. The high rate of dropout is also a potential limiting factor.
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In conclusion, even if this systematic review suggests a benefit of
physiotherapy on proprioception and pain in patients with hEDS, it

highlights the lack of robust randomized control studies.
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