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Research Article

Disability and Rehabilitation

Effects of compression garments on balance in hypermobile Ehlers-Danlos 
syndrome: a randomized controlled trial

Karelle Benistana,b , Malika Foya , Fabrice Gillasa, François Genetb,c, Maimouna Kaned, Frédéric Barbotd, 
Isabelle Vaugierd, Céline Bonnyaude,f  and Nadra Gadera

aAP-HP, Hôpital Raymond Poincaré, Centre de référence des syndromes d’Ehlers-Danlos non vasculaires, Université Paris Saclay, Garches, France; 
bUMR1179 INSERM, UFR Simone Veil-Santé, Versailles, France; cAP-HP, Hôpital Raymond-Poincaré, Service de médecine physique et de réadaptation, 
Université Paris Saclay, Garches, France; dAP-HP, Hôpital Raymond Poincaré, Centre d’investigation Clinique, Garches, France; eAP-HP, Hôpital 
Raymond Poincaré, Laboratoire d’analyse du mouvement, Université Paris-Saclay, Garches; fUniversité de Versailles Saint Quentin en Yvelines, 
ERPHAN, Versailles, France

ABSTRACT
Purpose:  To evaluate the immediate and 4-week effects of compression garments (CG) on balance 
using a force platform during 8 different visual, static, and dynamic conditions in hypermobile 
Ehlers-Danlos Syndrome (hEDS) patients.
Methods: Thirty-six participants were randomly assigned to a group: physiotherapy alone (PT, n = 19) 
or physiotherapy and daily CG wearing for 4 weeks (PT + CG, n = 17). Both attended 12 physiotherapy 
sessions (strengthening, proprioception, and balance exercises) for 4 weeks. Primary outcome: sway 
velocity of the centre of pressure (COP) measured before, immediately with the CG, and at 4 weeks. 
Secondary outcomes: ellipse area, Romberg quotient, and pain.
Results:  Sway velocity in dynamic conditions decreased immediately with the CG. After 4 weeks of 
intervention, sway velocity (95% CI 4.36–39.23, effect size 0.93) and area (95% CI 146–3274, effect 
size 0.45) on the laterally oscillating platform with eyes-closed improved more in the PT + CG group 
than the PT group. Romberg quotient on foam cushion improved more in the PT + CG than the PT 
group. Pain decreased in both groups after 4 weeks with no between-group difference.
Conclusion: CG combined with physiotherapy improved dynamic balance measured with COP variables 
significantly more than physiotherapy alone in people with hEDS.

Trial Registration:  NCT03359135

hh IMPLICATIONS FOR REHABILITATION
•	 Compression garments immediately improve balance in people with hypermobile Ehlers-Danlos 

Syndrome (hEDS)
•	 Compression garments combined with regular physiotherapy improve balance in people with hEDS 

after 4 weeks of treatment
•	 Compression garments could compensate for proprioceptive impairment in hEDS

Introduction

The Ehlers-Danlos Syndromes (EDS) are a heterogeneous group of 
inherited connective tissue disorders caused by mutations in genes 
encoding for proteins involved in the biosynthesis and/or fibrillo-
genesis of collagens [1] Hypermobile EDS (hEDS), the most com-
mon type, is characterised by generalised joint hypermobility, 
systemic connective tissue disorders, a positive family history, and 
musculoskeletal problems including recurrent joint dislocations 
and chronic pain. The diagnosis of hEDS requires the exclusion of 
the other EDS types and other conditions with generalised joint 
hypermobility [2–4]. The genetic basis of hEDS still unknown, there-
fore the diagnosis remains clinical, based on a checklist of clinical 
diagnostic criteria. The disorder mainly affects women [2]. People 
with symptomatic joint hypermobility who do not meet the criteria 

for hEDS are diagnosed with Hypermobility Spectrum disorders 
(HSD). These conditions were historically known as Joint hypermo-
bility Syndrome (JHS). Hypermobile EDS and HSD/JHS share several 
symptoms (such as hyperlaxity) and were defined together in the 
2017 nosology [1,3]. Pain associated with hEDS may be nociceptive 
or neuropathic, or more frequently both [4]. Nociceptive pain is 
directly caused by joint instability, which leads to repetitive joint 
dislocations and sprains [4]. Balance and gait disorders [5,6], 
reduced proprioception [7–12], muscle weakness [11,13], and 
fatigue [14] are commonly associated symptoms of hEDS.

Balance is impaired in quiet standing [6,15,16], walking, and 
stair climbing [17] in people with hEDS, which increases the risk 
of falls, and causes clumsiness and kinesiophobia [6]. Furthermore, 
affected individuals often have low levels of physical activity and 
participation in daily life activities [18].
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Medial-lateral (ML) and anterior-posterior (AP) excursions of 
the centre of pressure (COP) on firm surfaces are increased in 
people with hEDS, both with the eyes open (EO) and closed (EC) 
[15,16]. A study of balance in 22 people with hEDS in 4 sensory 
conditions (EO on a firm surface, EC on a firm surface, EO on a 
foam cushion, and EC on a foam cushion) found a significant 
increase in ML and AP sway with EC on a firm surface and EO 
on a foam cushion compared to healthy subjects [6]. These results 
suggest that vision and proprioception contribute to maintaining 
a stable standing posture in people with hEDS. Although the 
conventional neurological examination of proprioception often 
finds little impairment of proprioception in people with hEDS, 
several studies have found altered proprioception, including in 
the lower limb joints [7,8].

The conventional management of hEDS involves regular phys-
iotherapy with proprioception and balance exercises and muscle 
strengthening. The aim is to improve motor activities, decrease 
pain and prevent the deconditioning that results from a lack of 
physical activity and kinesophobia [12,19–31]. This rehabilitation 
is recommended by experts [19]. However, physiotherapy is limited 
by factors such as access to a physiotherapist, lack of dedicated 
physiotherapist time with the individual, fatigue and pain [32]. To 
our knowledge, the effects of physiotherapy programs on balance 
have not yet been evaluated in people with hEDS. An uncontrolled 
study of 18 individuals with hyperlaxity showed that propriocep-
tion and balance measured on a balance board improved after 
8 weeks of closed kinetic chain exercises [9].

One method to compensate for the proprioceptive impair-
ments of hEDS is compression garments (CG). Full-body or partial 
CG are considered to have a mechanical effect, stimulating extero-
ceptive receptors and increasing the sensory feedback to the 
central nervous system; this could compensate for proprioceptive 
impairments and improve postural control [8,16,33–35]. A 
meta-analysis of healthy subjects showed that in healthy partic-
ipants, CG increased sensory afferent information and improved 
postural stability [34]. In hEDS, CG could increase balance and 
joint stability, and decrease pain. Self-reports of the use of CG 
by people with hEDS indicate a positive effect on performance 
of daily-life activities [26]. However, the objective effect has been 
little studied, especially on balance [16,36]. Shoulder stability, 
and external and internal shoulder rotator power increased after 
4 weeks of daily wearing of a compression jacket in people with 
hEDS [36]. A pilot study of 6 people with hEDS found an imme-
diate improvement in balance when wearing CG (leggings, vest 
and mittens) on a static force platform, particularly with EC [16]. 
The results of that small, uncontrolled, interventional study sup-
port conducting a randomized controlled study to assess the 
effects of CG on balance in hEDS. Moreover, dynamic conditions, 
involving a higher risk of falls, should be evaluated [6,37].

The aim of this randomized controlled trial was to evaluate 
the immediate and 4-week effects of wearing CG combined with 
conventional physiotherapy on balance and pain in people with 
hEDS. We hypothesised that wearing CG combined with phys-
iotherapy would be more effective than physiotherapy alone. 
We also hypothesised that wearing CG would reduce pain at 
4 weeks.

Materials and methods

Design

We conducted a randomized controlled trial with 2 parallel groups 
between 2019 and 2021. The study was approved by the research 

ethics committee (No. ID RCB: 2018-A000419-46 and CPP No.: 
2018-22–CPP IDF 3) and registered at Clinicaltrials.gov (No. 
NCT03359135).

Participants

The participants were recruited from the centre of reference for 
non-vascular Ehlers-Danlos Syndromes at Raymond Poincaré 
Hospital, AP-HP Garches, where they were diagnosed with hEDS. 
Those with hypermobile EDS were informed about the study when 
they attended the centre for their usual follow-up consultations. 
The inclusion criteria were people with hEDS fulfilling the 2017 
diagnostic criteria [1,2] and aged ≥ 16 years. The exclusion criteria 
were previous surgery or musculoskeletal disorders of the lower 
limbs, wearing of a CG in the previous 2 months, having followed 
a rehabilitation program ≥ 3 times/weeks during the last 2 months, 
uncontrolled hyperalgesia, visual, vestibular, or nervous system 
disorders, and pregnancy or breastfeeding. Individuals meeting 
the inclusion criteria were enrolled until the sample size was 
reached and written informed consent was obtained from all 
participants or their guardians. Data were anonymised.

Randomization and allocation

A randomization list was produced by a statistician using R soft-
ware version 4.2.0. Randomization was performed with random 
permuted blocks of variable size with a 1:1 ratio. The list was 
used to prepare randomization cards, which were placed in 
opaque sealed envelopes. Before the opening of the envelopes, 
neither the researchers nor the medical staff enrolling participants 
were aware of the potential allocation of the future participant. 
Randomization took place at the inclusion visit, during which the 
envelope was opened in the presence of the participant.

Timeline

Enrolment and randomization were performed at the inclusion 
visit, during which demographic and clinical data were collected. 
Participants were randomly assigned to either undergo physio-
therapy only for 4 weeks (PT) or to undergo physiotherapy and 
wear a CG for 4 weeks (PT + CG). Postural balance was assessed 
before starting the interventions (W0), and at 4 weeks (at the end 
of the interventions, W4). For the PT group, W0 was during the 
inclusion visit. For the PT + CG group, W0 was 2 weeks after the 
inclusion visit, when they received their CG. At W0, this group 
performed the balance assessments without then with the CG. At 
W4, this group only performed the assessments with the CG. 
Between W0 and W4, both groups attended physiotherapy ses-
sions and the PT + CG group also wore the CG all day, every day 
(Figure 1).

Interventions

Compression garments (for PT + CG group)
The CG were custom-made for each participant. Measurements 
were taken by the same orthotic practitioner at the reference 
centre and all garments were fabricated by the same manufac-
turer. The average pressures ranged from 10 to 15 mmHg. Two 
sets of 3 pieces (leggings, socks, and vest) were supplied. 
Maintenance advice and instructions were provided with the gar-
ments. After fabrication, the CG were fitted in person. If the 
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garment did not fit, adjustments were made as required. CG wear-
ing began at W0. Participants in the PT + CG group were instructed 
to wear the garments ≥ 8 h a day for 4 weeks, during daily life 
activities and physiotherapy. Participants were informed of pos-
sible risks associated with CG such as allergy or intolerance to 
materials [38]. Adherence was monitored using self-report: par-
ticipants recorded the actual duration of daily CG wearing in a 
logbook.

Physiotherapy sessions (all participants)
All participants underwent a 4-week rehabilitation program that 
aimed to improve proprioception and balance. The program 
included 1 h of outpatient physiotherapy, 3 times per week, for 
4 weeks, structured around 3 domains of rehabilitation: (1) 
strengthening, (2) postural control, and (3) balance training. The 
goal was to strengthen the lower limbs to improve posture and 
balance. Exercises involved isometric strengthening of the ankle, 
knee, and hip muscles; aerobic exercises; proprioceptive training; 
and balance exercises on stable and unstable surfaces with EO 
and EC. The intervention was provided by a physiotherapist in 
the community near the participant’s home. These physiotherapists 
were supported by telephone by the reference centre physiother-
apist. The performance characteristics of each exercise and the 
time spent per exercise were determined by the physiotherapist 
according to their professional clinical reasoning. Exercises were 
performed according to the participant’s progress, fatigue, and 
motivation. Adherence was monitored by self-report: participants 
recorded the actual duration of each session in a logbook.

Procedures

Participant characteristics
We collected demographic data (sex, age, weight, and height), 
joint hypermobility assessed using the Beighton and Bulbena 

scores [39], history of repetitive ankle sprains, joint dislocations 
of the lower extremities, falls or balance recovery reactions, 
perception of instability, difficulty walking (limited distance 
because of joint instability or pain), joint pain, global pain and 
fatigue. All these data were collected by the same senior 
physician.

Postural sway
Body sway can be assessed by measuring centre of pressure 
(COP) displacement on a supporting surface using a force plat-
form. Force platforms can also be used to collect other postural 
sway variables such as sway velocity and ellipse area [40]. In 
this study, balance was assessed using the Satel® (40 Hz) force 
platform. Participants stood still, barefoot on the platform, arms 
by their sides, feet forming an angle of 30°, heels separated by 
2 cm and eyes focused on a visual reference mark fixed 170 cm 
in front. The standardised instructions were to stay still without 
speaking [41]. Assessments were performed in a closed and 
quiet room. The physical therapist from the centre performed 
all tests.

Eight conditions were assessed on the force platform:

1.	 Eyes open on a static firm platform (SEO)
2.	 Eyes closed on a static firm platform (SEC)
3.	 Eyes open on a foam surface (FEO)
4.	 Eyes closed on a foam surface (FEC)
5.	 Eyes open on an unstable platform that performed 

anterior-posterior oscillations (APEO)
6.	 Eyes-closed on an unstable platform that performed 

anterior-posterior oscillations (APEC)
7.	 Eyes-open on an unstable platform that performed 

medial-lateral oscillations (LEO)
8.	 Eyes-closed on an unstable platform that performed 

medial-lateral oscillations (LEC)

Figure 1. T imeline of the study. PT: Physiotherapy; PT + CG: Physiotherapy and Compression Garments; W0: week 0; W4: week 4.
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Three consecutive measurements were performed for con-
ditions 1, 2, 3, and 4 and 1 for conditions 5, 6, 7, and 8 [42]. 
The eyes closed conditions (EC) were recorded to measure 
the impact of vision on balance with the CG. The recording 
duration was 51.2 s for eyes-open (EO) measurements and 
25.6 s for EC [43]. The resting time between each evaluation 
was 30 s.

Pain
Mean joint pain intensity was assessed using a numeric pain rating 
scale (NPRS, between 0 = no pain and 10 = intolerable pain) at W0 
and W4 before the postural sway assessments.

Outcomes: COP-based balance variables and pain

Outcomes were measured pre-intervention (W0) and immediately 
post-intervention (W4) (Figure 1). The primary outcome was the 
change in mean COP velocity (in mm/s) from W0 to W4. This is 
the most common and reliable variable reported [40,42,43]. A 
decrease in mean velocity after the intervention suggested an 
improvement in postural balance.

Secondary outcomes:

i.	 90% confidence ellipse area of COP (mm2)

ii.	 Romberg quotient (RQ = sway area EC/sway area EO). The 
RQ indicates the contribution of vision to postural control. 
High values indicate compensation by a vision to maintain 
balance.

iii.	 Global joint pain, expressed on the NPRS.

Statistical analysis

Although sway velocity is the most used variable in the literature 
and the most reliable stabilometric variable [40], it has not yet 
been studied in hEDS.

Participant characteristics are described by the group. The sum-
mary statistics for quantitative variables are mean and standard 
deviation (SD), or median and quartiles (Q1,Q3) as appropriate. 
For categorical variables, the summary statistics are numbers with 
percentages. Statistical analyses of patient characteristics were 
performed using the Mann Whitney U, Chi-squared, and Fisher 
tests for between-group comparisons. Intra-group and inter-group 
comparisons of outcomes were performed using median differ-
ences and 95% confidence intervals. Considering the small number 
of participants, effect sizes were estimated using Hedges’ g. 
According to Cohen’s definition [44], an effect size of 0.2 is con-
sidered as small, an effect size of 0.5 is considered as medium 
and an effect size of 0.8 is considered as large. Outcome analysis 

Figure 2.  Flow chart. PT + CG: Physiotherapy and Compression Garments; PT: Physiotherapy; LOCF: Last Observation Carried Forward; NOCB: Next Observation 
Carried Back
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was performed as intention-to-treat. Missing data were imputed 
with the Last Observation Carried Forward or the Next Observation 
Carried Back methods. All statistical calculations were performed 
using R software version 4.2.0 (https://cran.r-project.org/).

Results

Sample

Thirty-six individuals met the inclusion criteria and were random-
ized between February 2019 and January 2021. Seventeen indi-
viduals were randomly assigned to the PT + CG group and 19 to 
the PT group. Two people subsequently declined to participate 
for professional reasons, and 2 dropped out before the first eval-
uation on the force platform because of an acute exacerbation 
of the disease that contraindicated rehabilitation (Figure 2). Thus, 
data for 32 participants (88.9%) were available for the primary 
analyses (29 females and 3 males). The demographic and clinical 
characteristics of the 32 participants at baseline are presented in 
Table 1; there were no between-group differences. Baseline sway 
velocities and areas did not differ between groups.

Adherence

Both the CG and the physiotherapy sessions were well tolerated, 
with no discomfort, allergy or other adverse event reported. 
Participants in the PT + CG group attended fewer physiotherapy 
sessions than the PT group: mean (SD) respectively 10.31 (1.91) 
and 11.55 (1.3); p = 0.003. For the PT + CG group, mean CG wearing 
time was 10.40 (1.82) h/d for 26 (4.5) d.

Immediate effects of the CG

Table 2 presents the immediate effects of the CG on postural 
sway variables. These effects were only analysed in the PT + CG 
group. Mean COP velocity decreased with the CG in all conditions, 
apart from SEO; effect sizes were between 0.51 and 0.64. The 
sway area decreased with the CG for APEO, APEC, and FEC; effect 
sizes were between 0.36 and 0.43.

Effects at 4 weeks

Primary Outcome
Table 3 presents the effects at 4 weeks for both groups. After 
4 weeks of intervention, sway velocity decreased in the PT + CG 
group for 4 conditions (Δ1): median difference (Q1;Q3) APEO: 5.66 
(1.27;24.29), FEC: 5.42 (0.31;30.88), APEC:13.02 (0.76;45.08), and 
LEC: 16.22 (3.84;42.26); effect sizes between 0.46 and 0.93.

No statistically significant improvement was found in the PT 
group after the 4 weeks of intervention (Δ2).

Sway velocity decreased more in the PT + CG group than the 
PT group for LEC Δ3 (intergroup comparison [Δ1 − Δ2]): 18.84 
(4.36;39.23); the effect size was large, at 0.93.

Secondary Outcomes
At 4 weeks, the sway area decreased in the PT + CG group (Δ1) in 
APEO, LEO, SEC, FEC, APEC, and LEC; effects sizes 0.09 to 0.48. 
The Romberg quotient decreased in the foam and medial-lateral 
plate conditions; effect sizes respectively 0.98 and 0.21. No dif-
ferences were found for the PT group (Δ2) for sway area or 
Romberg quotient.

Sway area decreased more in the PT + CG group than the PT 
group for LEC Δ3: 1367 (146;3274); effect size 0.45. The Romberg 
quotient decreased more in the PT + CG group than the PT group 
for foam condition Δ3: 0.73 (0.09;1.69); effect size 0.98.

Global joint pain
Pain reduced in both groups (Figure 3). In the PT group, the 
median difference was 1.5 points, 95% CI <0.001 to 2.5; effect 
size 0.39. In the PT + CG group, the median difference was 3.5, 
95% CI 1 to 6; effect size 0.79. The median between-group dif-
ference (Δ3) was 1, 95% CI −1 to 4; effect size 0.55.

Discussion

This randomized controlled trial of the effect of wearing CG in 
addition to a physiotherapy program on balance measured in 
static and dynamic conditions on a force platform in people with 

Table 1.  Clinical and demographic characteristics of participants in the physiotherapy alone group (PT) and the 
physiotherapy and compression garments (PT + CG) group.

Whole sample
(n = 32)

PT + CG group
(n = 14)

CG Group
(n = 18) p-value

Sex – n (%)
Women 29 (91%) 12 (86%) 17 (94%) 0.57c

Age (years) (SD) 31.9 (11.5) 32.5 (11.9) 31.5 (11.5) 0.94b

Height (cm) (SD) 165.7 (8.1) 165.8 (10.4) 165.7 (6.0) 0.83b

Weight (kg) (SD) 64.5 (11.0) 66.4 (8.2) 63.0 (12.8) 0.07b

Beighton score (/9) (Q1,Q3) 7.0 (6.0, 8.0) 7.0 (5.2, 7.0) 7.0 (6.2, 8.0) 0.10b

Bulbena score (/10) (Q1,Q3) 7.0 (6.0, 8.0) 7.0 (6.0, 8.8) 7.0 (6.0, 7.8) 0.98b

Repetitive ankle sprains – n (%) 28 (88%) 12 (86 %) 16 (89%) >0.99c

Repetitive dislocations of lower limbs – n (%) 10 (31%) 2 (14%) 8 (44%) 0.12c

Frequent falls – n (%) 25 (78%) 9 (64%) 16 (89%) 0.19c

Feeling of instability – n (%) 29 (91%) 13 (93%) 16 (89%) >0.99c

Difficulties with walking – n (%) 19 (59%) 9 (64%) 10 (56%) 0.62a

Joint pain – n (%) 31 (97%) 14 (100.0%) 17 (94%) >0.99c

Global joint pain: NRS (SD) 5.98/10 (2.3) 6.0/10 (2.5) 5.6/10 (2.1) 0.76b

Fatigue – n (%) 28 (88%) 11 (79%) 17 (94%) 0.30c

Quantitative variables are mean (SD) or median (Q1, Q3); non-quantitative variables are presented as number 
and frequency (%).
aChi-squared test.
bMann Whitney test.
cFisher test.
Numeric Pain rating scale (0 = no pain; 10 = intolerable pain).

https://cran.r-project.org/
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hEDS found significant improvements in balance (i.e. sway veloc-
ity), immediately and after 4 weeks of use of CG, as hypothesised. 
Pain reduced to a larger extent in the PT + CG group, however, 
the between-group difference was not significantly different, in 
contrast with our hypothesis.

The results of this study extend those of the pilot study 
of the effects of CG and insoles on balance in people with 
hEDS described in the introduction [16]. The results for the 
6 participants included in that study showed an immediate 
decrease in sway area in static conditions with EO and EC 
[16]. Those results together with the results of the present 
study suggest that wearing CG immediately improves postural 
stability in both static and dynamic conditions in people 
with hEDS.

Furthermore, after 4 weeks of intervention, there was a signif-
icant decrease in the medial-lateral condition with visual depri-
vation (LEC condition) for sway velocity (effect size: 0.93) and area 
(effect size: 0.45) which was greater in the PT + CG group than 
the PT group. Therefore, CG appear to improve stability in dynamic 
conditions [16,42]. Moreover, this effect may have been underes-
timated since the PT + CG group underwent fewer physiotherapy 
sessions than the PT group.

The LEC condition is particularly challenging for people with 
hEDS because it disturbs the balance in 2 different ways. Firstly, 
it is performed with no visual input, which is difficult for people 
with hEDS because they have an increased visual dependence 
for balance compared to healthy individuals [6,15,16]. The results 
of the Romberg quotient (>1 at baseline), confirmed that the 
participants relied on vision to control their postural balance 
[6,16] in compensation for their proprioceptive impairments. 
Secondly, tasks on an unstable plate are known to induce insta-
bility during standing, requiring higher levels of sensory input 
to maintain balance, compared to a firm surface [45]. With no 
visual input, participants had to rely more on their other sensory 
systems to maintain balance, especially proprioception 
[7,8,46,47].

These results confirm our hypothesis that physiotherapy com-
bined with CG improves balance control in dynamic conditions. 
The differences between static and dynamic conditions could be 
explained by the fact that dynamic conditions allow better dis-
crimination of postural variables [47].

The effect of CG on balance on unstable surfaces in people with 
hEDS likely results from the exteroceptive input that compensates 
for proprioception impairments. Dupuy et  al. suggested that the 
lack of visual information increases the requirement for information 
from other systems to maintain balance [16]. The exteroceptive 
stimulation of cutaneous receptors provided by the CG has previ-
ously been found to be more effective in situations of increased 
sway, such as when standing on an unstable surface or in condi-
tions of visual deprivation, than in more stable conditions [48].

Loose ligaments and connective tissue disorders, which charac-
terize hEDS, could influence intrinsic information on posture and 
movement, and could therefore lead to less adapted postural reac-
tions [6,37]. The external pressure provided by the CG stimulates the 
cutaneous receptors, thus providing an additional source of feedback 
and improving sensorimotor responses [34,35,49,50]. The only pilot 
study assessing the effects of CG in people with hEDS suggested 
that this compensatory treatment could enhance the somatosensory 
information and thus improve balance [16]. Moreover, studies in 
athletes and non-athletes without EDS demonstrated beneficial 
effects of CG on proprioception and balance [34,51,52].

However, after 4 weeks, there was no between-group difference 
in sway velocity or area on the plate that was unstable in the 
anterior-posterior plane. The larger between-group difference in 
the medial-lateral instability condition could result from an effect 
of CG on ankle stability. The ankle joints are particularly affected 
by medial-lateral instability and injuries (recurrent sprains) in 
hEDS [53]. Therefore, balancing on a medial-lateral oscillating 
plate could be particularly difficult and therefore more improved 
by CG than balancing on an anterior-posterior oscillating plate. 
At baseline, 88% of participants reported experiencing repeated 
ankle sprains.

Table 2. I mmediate effect of the compression garments in static and dynamic conditions with eyes open and eyes closed.

W0PT + CG without CG
(n = 14)

W0 PT + CG with CG
(n = 14) Δ (95%CI) Effect size

Primary outcome – Velocity in mm/s
Eyes-open Static (SEO) 13.46 (9.46;14.89) 12.20 (9.00;14.72) 1.07 (−1.48 to 8.61) 0.33

Foam (FEO) 22.74 (17.72;31.44) 18.30 (16.85;22.61) 4.75 (0.1–17.46) 0.51
AP plate (APEO) 23.75 (18.47;41.78) 20.76 (17.95;29.30) 7.84 (1.69–22.41) 0.61
Lateral plate (LEO) 41.70 (26.84;64.46) 32.48 (26.84;44.74) 11.1 (0.86–22.84) 0.64

Eyes-closed Static (SEC) 19.09 (15.61;27.76) 17.86 (13.72;21.21) 5.02 (1.68–20.09) 0.51
Foam (FEC) 44.51 (35.12;73.12) 40.94 (32.39;52.54) 11.2 (1.36–31.94) 0.56
AP plate (APEC) 53.54 (39.32;65.89) 52.35 (37.42;54.17) 14.59 (1.14–37.39) 0.59
Lateral plate (LEC) 73.12 (54.84;96.97) 68.44 (47.41;76.26) 14.42 (1.73–30.6) 0.63

Secondary outcomes
Sway area in mm2 Eyes-opened Static (SEO) 341 (234;649) 302 (201;438) 129 (−44 to 514) 0.41

Foam (FEO) 878 (511;1073) 750 (519;1005) 69 (−101 to 856) 0.35
AP plate (APEO) 787 (539;1044) 594 (471;1027) 151 (1–988) 0.43
Lateral plate (LEO) 1063 (659;1250) 787 (643;1432) 47 (−222 to 632) 0.21

Eyes-closed Static (SEC) 641 (356;841) 446 (295;762) 146 (−0.47 to 1958) 0.35
Foam (FEC) 2367 (1683;2989) 1961 (1009;2591) 6089 (105–5386) 0.36
AP plate (APEC) 2491 (1352;4163) 1778 (1054;2596) 659 (149–6727) 0.38
Lateral plate (LEC) 3146 (1842;4822) 2882 (1398;3286) 788 (−284 to 3307) 0.42

Romberg quotient Static 1.36 (1.13;2.25) 1.44 (1.16;1.67) −0.08 (−1.14 to 0.79) 0.10
Foam 2.81 (1.91;3.47) 2.54 (1.98;2.87) 0.41 (−0.46 to 1.48) 0.39
AP plate 3.11 (2.47;4.45) 2.67 (2.16;3.14) 0.98 (−0.56 to 2.38) 0.53
Lateral plate 3.34 (2.70;4.18) 2.34 (1.97;3.70) 0.58 (−0.64 to 1.22) 0.15

Values are median (Q1;Q3).
W0PT + CG (without CG) – W0 PT + CG (with CG).
CG: Compression garments; AP: antero-posterior; SEO: static surface eyes open; FEO: foam cushion eyes open; APEO: Antero-posterior plate eyes open; LEO: 
medial-lateral plate eyes open; SEC: static surface eyes closed; FEC: foam cushion eyes closed; APEC: Antero-posterior plate eyes closed; LEC: medial-lateral plate 
eyes closed.
Bold font indicates statistically significant results.
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Pain decreased in both groups at the end of the study; how-
ever, the between-group difference was not significant, suggesting 
that the CG did not have a specific effect on pain. An uncontrolled 
study of 36 people with hEDS found a global decrease in pain 
(from 3.5/10 to 2.5/10) after wearing a compressive jacket for 
28 d; but, like the present study, the change was not significant 
[36]. Some authors have suggested that the cutaneous input from 
the CG could have an analgesic effect via the gate control system 
[34,54]. However, the results of our study do not fully confirm 
that hypothesis.

Limitations and perspectives

This study has several limitations. Firstly, the sample size is small; 
however, in the domain of rare diseases, it is relatively large [1,2]. 
It would be interesting to determine if there is a long-term effect 
of wearing CG, and whether the effects remain after removing the 

CG. We did not perform assessments without the CG at 4 weeks, 
therefore we do not know if the immediate effect of the CG was 
maintained over time. Longer-term studies are needed to determine 
if people with hEDS should wear CG throughout their lives. Studies 
are also required to determine the functional long-term effects of 
CG on other dynamic balance tasks (such as complex locomotor 
tasks), falls, joint instability, quality of life, and autonomy. This study 
was not designed to evaluate the effectiveness of the physiotherapy. 
The minimal number of hours of daily wearing to observe efficacy 
is unknown, the participants in this study wore the CG on average 
10 h 40 per day and tolerance was good; further studies should 
determine the appropriate wearing time.

Conclusions

This randomized controlled trial is the first to assess the effects 
of CG in adjunction to physiotherapy on balance in people 

Table 3. O utcomes at 4 weeks in both groups in the static and dynamic conditions with eyes open and eyes closed.

PT + CG group PT group

Intergroup 
difference

Δ3 (95% CI)
Effect 
size

W0 without 
CG

(n = 14)
W4 with CG

(n = 14) Δ1 (95%CI)
W0

(n = 18)
W4

(n = 18) Δ2 (95%CI)
Primary outcome – Velocity in mm/s
Eyes-open Static (SEO) 13.46 

(9.46;14.89)
10.45 

(6.94;13.60)
1.23

(−2 to 7.58)
12.63 

(8.15;18.81)
10.40

(9.11;15.67)
0.49

(−2.92 to 3.91)
0.61

(−3.96 to 6.08)
0.25

Foam (FEO) 22.74 
(17.72;31.44)

16.66 
(14.95;27.23)

2.9
(−0.39 to 11.81)

24.28 
(19.51;34.16)

21.18 
(18.08;32.70)

0.27
(−4.37 to 6.83)

2.96
(−2.36 to 9.78)

0.43

AP plate 
(APEO)

23.75 
(18.47;41.78)

19.71 
(16.13;22.96)

5.66
(1.27 to 24.29)

30.26 
(21.20;39.74)

23.74 
(16.68;30.02)

3.76
(−0.46 to 8.01)

2.49
(−2.99 to 8.85)

0.48

Lateral plate 
(LEO)

41.70 
(26.84;64.46)

31.64 
(26.44;47.58)

3.470
(−1.16 to 19.54)

42.43 
(37.11;45.92)

42.89 
(30.46;46.37)

−0.69
(−7.38 to 6.6)

4.74
(−2.73 to 16.46)

0.60

Eyes-closed Static (SEC) 19.09 
(15.61;27.76)

14.48 
(11.62;19.34)

3.94
(−1.14-14.96)

19.26 
(12.36;26.19)

16.16 
(13.53;20.30)

0.99
(−1.97 to 6.94)

1.66
(−3.49 to 9.3)

0.34

Foam (FEC) 44.51 
(35.12;73.12)

36.78 
(31.44;47.02)

5.42
(0.31 to 30.88)

47.88 
(38.97;56.97)

43.01 
(32.69;57.38)

0.23
(−6.65 to 8.64)

6.27
(−2.53 to 16.55)

0.46

AP plate 
(APEC)

53.54 
(39.32;65.89)

39.09 
(30.37;50.21)

13.02
(0.76 to 45.08)

57.39 
(41.19;68.04)

52.46 
(37.39;67.64)

2.26
(−6.9 to 13.56)

10.91
(-3.72 to 25.69)

0.58

Lateral plate 
(LEC)

73.12 
(54.84;96.97)

54.62 
(45.16;64.82)

16.22
(3.84 to 42.26)

72.97 
(51.39;87.58)

68.66 
(59.69;87.34)

−3.02
(−14.2 to 8.1)

18.84
(4.36 to 39.23)

0.93

Secondary outcomes
Sway area 

in mm2
Eyes-open Static (SEO) 341

(234;649)
250

(180;383)
77.6

(−35 to 413)
302

(175;850)
233

(162;334)
111

(−52 to 271)
19

(−243 to 212)
0.17

Foam (FEO) 878
(51;1073)

678
(428;767)

147
(−60 to 777)

762
(547;1568)

626
(455;838)

181
(−26 to 561)

−36
(−355 to 321)

0.23

AP plate 
(APEO)

787
(539;1044)

401
(328;565)

258
(89 to 1228)

606
(411;1182)

644
(428;987)

33
(−459 to 542)

280
(−60 to 781)

0.48

Lateral plate 
(LEO)

1063
(659;1250)

695
(516;863)

231
(38 to 453)

945
(669;1660)

945
(546;1650)

90
(−438 to 366)

101
(−193 to 518)

0.45

Eyes-closed Static (SEC) 641
(356;841)

279
(228;489)

262
(25 to 648)

599
(228;1846)

355
(235;904)

273
(−22 to 1252)

37
(−527 to 349)

0.20

Foam (FEC) 2367
(1683;2989)

1394
(873;1771)

610
(157 to 1538)

1918
(1295;3906)

1788
(1207;2563)

293
(−358 to 1474)

432
(−300 to 1175)

0.09

AP plate 
(APEC)

2491
(1352;4163)

1511
(836;1736)

1060
(262 to 3199)

2467
(1434;3945)

1983
(1277;2523)

515
(−246 to 1485)

617
(−292 to 1808)

0.44

Lateral plate 
(LEC)

3146
(1842;4822)

1550
(1400;1954)

1855
(801-3898)

3375
(2088;4226)

2650
(2101;3861)

347
(−591 to 2033)

1367
(146 to 3274)

0.45

Romberg quotient Static 1.36
(1.13;2.25)

1.26
(0.97;1.52)

0.29
(−0.06 to 0.62)

1.81
(1.26-2.23)

1.55
(1.07;1.87)

0.21
(−0.28 to 0.61)

0.08
(−0.46 to 0.61)

0.15

Foam 2.81
(1.91;3.47)

2.15
(1.66;2.80)

0.41
(0.16 to 1.13)

2.29
(2.16-2.95)

2.51
(1.70;3.54)

−0.33
(−0.99 to 0.21)

0.73
(0.09 to 1.69)

0.98

AP plate 3.11
(2.47;4.45)

3.55
(2.36;4.07)

0.08
(−1.06 to 1.5)

3.05
(2.13;3.98)

3.01
(1.62;4.24)

0.38
(−0.75 to 1.53)

−0.21
(−1.73 to 1.5)

0.10

Lateral plate 3.34
(2.70;4.18)

2.48
(1.90;3.26)

1.17
(0.36 to 2.18)

3.66
(2.37;4.50)

2.50
(1.74;4.42)

0.49
(−0.82 to 2.32)

0.96
(−0.66 to 2.24)

0.21

Values are median (Q1; Q3).
Δ1: W0PT + CG (without CG) – W4 PT + CG (with CG).
Δ2: W0PT – W4 PT.
Δ3: intergroup comparison (Δ1 − Δ2).
CG: Compression garments; SEO: static surface eyes open; SEC: static surface eyes closed; FEO: foam cushion eyes open; FEC: foam cushion eyes closed; APEO: 
Antero-posterior plate eyes open; APEC: Antero-posterior plate eyes closed; LEO: medial-lateral plate eyes open; LEC: medial-lateral plate eyes closed.
Bold font indicates statistically significant results.
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with hEDS. Balance variables were evaluated in static and 
dynamic conditions, immediately and after 4-weeks of inter-
vention. The results seem to support the use of CG combined 
with a physiotherapy program to improve dynamic balance in 
people with hEDS. Currently available treatments used by EDS 
experts are only symptomatic or preventive, designed to avoid 
complications; no curative treatment exists. This study brings 
some new insights into the efficacy of CG in hEDS. Future 
studies are necessary to confirm the functional impact of CG 
and their benefits on joint complications, especially for ankle 
sprains.
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