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Muscle Mass, Muscle Strength, Functional
Performance, and Physical Impairment in
Women With the Hypermobility Type of
Ehlers-Danlos Syndrome
LIES ROMBAUT,1 FRANSISKA MALFAIT,2 INGE DE WANDELE,1 YOURI TAES,2 YOURI THIJS,1
ANNE DE PAEPE,2 AND PATRICK CALDERS1

Objective. To investigate lower extremity muscle mass, muscle strength, functional performance, and physical impairment in women with the Ehlers-Danlos syndrome hypermobility type (EDS-HT).
Methods. Forty-three women with EDS-HT and 43 sex- and age-matched healthy control subjects participated. Muscle
mass was determined by dual x-ray absorptiometry. Muscle strength and muscle strength endurance were measured with
isokinetic dynamometry at angular velocities of 60, 180, and 240°/second. Static muscle endurance during posture
maintenance was also assessed. Pain and fatigue were simultaneously evaluated by visual analog scale and the Borg
scale, respectively. In addition, the chair rise test for assessment of functional performance and the Arthritis Impact
Measurement Scales (AIMS) for physical impairment evaluation were used.
Results. Compared to control subjects, EDS-HT patients showed substantial lower extremity muscle weakness, reﬂected
by signiﬁcantly reduced knee extensor and ﬂexor muscle strength and endurance parameters, with differences ranging
from ⴚ30% to ⴚ49%; reduced static muscle endurance time; and diminished functional performance. Lower extremity
muscle mass was similar in both groups and unlikely to affect the muscle strength results. By contrast, pain and fatigue
were omnipresent and increased remarkably due to the tests. Furthermore, the EDS-HT group was physically impaired,
especially in the AIMS domain walking and bending.
Conclusion. This study demonstrates severely reduced quantitative muscle function and impairment in physical function
in patients with EDS-HT compared to age- and sex-matched controls. The muscle weakness may be due to muscle
dysfunction rather than reduced muscle mass. Whether muscle strength and endurance can be improved by appropriate
exercise programs needs evaluation in further studies.

INTRODUCTION
Ehlers-Danlos syndrome (EDS) comprises a clinically and
genetically heterogeneous group of inherited connective
tissue disorders, of which the principal clinical features
are skin laxity, tissue fragility, and joint hypermobility
(1–3). The current classiﬁcation, formalized in the Villefranche nosology, proposes 6 subtypes based on clinical,
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biochemical, and molecular characteristics (4). However,
overlapping forms, unclassiﬁed variants, and several new
subtypes, including the tenascin-X (TN-X)– deﬁcient type
of EDS, have been identiﬁed over the last decade (5). Most
EDS subtypes are caused by mutations in genes encoding
ﬁbrillar collagens type I, III, or V or collagen-modifying
enzymes. However, the genetic background of the hypermobility type of EDS (EDS-HT), which is by far the most
common type, remains poorly deﬁned at present (5). Diagnosis is consequently based on clinical criteria, including generalized severe joint hypermobility, recurrent joint
dislocations, debilitating chronic pain, and mild skin involvement (4). Although not deﬁned in the diagnostic
criteria for EDS-HT, muscular involvement, such as muscle weakness, muscle pain, muscle cramps, and muscle
ruptures, has been suggested to be a common associated
feature in these patients (6,7).
Muscle symptoms in EDS have long been considered to
result from reduced physical activity (PA), which may
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Signiﬁcance & Innovations
●

Patients with Ehlers-Danlos syndrome hypermobility type (EDS-HT) show considerably reduced
lower extremity muscle strength and muscle
strength endurance, which is reﬂected in a poorer
functional performance.

●

The muscle weakness may be due to muscle dysfunction rather than reduced muscle mass.

●

Exercise-induced pain and fatigue in patients with
EDS-HT increase disproportionately compared to
the muscle performance, and remain extremely
high and long-lasting after the effort.

●

Patients with EDS-HT show important impairments in physical function, particularly in activities such as walking and bending.

occur as a consequence of exercise avoidance due to joint
hypermobility, joint instability, and pain. However, recent
studies have shown that primary muscle involvement in
EDS can be expected based on altered interactions between muscle cells and extracellular matrix (ECM) molecules, of which collagen is an important component
(8 –10). Despite this growing evidence for muscular involvement in EDS, muscle function in EDS, and speciﬁcally in the hypermobility type, has hardly been investigated. One study by Voermans et al (10) demonstrated
mild to moderate muscle weakness, myalgia, hypotonia,
and some myopathic features in the vascular, classic, and
TN-X– deﬁcient EDS types, and to a lesser extent, in patients with EDS-HT caused by TN-XB gene haploinsufﬁciency (n ⫽ 10). However, haploinsufﬁciency of TN-X has
been identiﬁed only in a minority (5%) of patients with
EDS-HT (11). Therefore, quantitative muscle function
evaluation is still lacking in a substantial group of patients
diagnosed with EDS-HT.
Nevertheless, investigation of muscle performance in
EDS-HT is particularly important to gain a better understanding of how and to what extent muscle function is
impaired in EDS-HT. This knowledge may contribute to
better management for these patients, which is currently
poorly addressed (12,13). In addition, it has been shown
that muscle weakness contributes to physical impairment
in many disorders, e.g., rheumatoid arthritis (14) and ﬁbromyalgia (15), which are both chronic musculoskeletal
disorders displaying some clinical similarities to EDS-HT
(7). More speciﬁcally, knee extensor muscle strength has
been suggested to play a key role during several ambulatory and functional activities (16,17).
Therefore, we performed an extensive clinical study on
lower extremity muscle function in EDS-HT. The primary
objective was to investigate quadriceps and hamstrings
muscle strength, strength endurance, functional performance, and muscle mass, as well as pain and fatigue
associated with muscle strength tests, in patients with
EDS-HT compared to healthy matched control subjects.
The secondary objective was to examine the extent of
physical impairment in patients with EDS-HT.
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SUBJECTS AND METHODS
Subjects. The study protocol was reviewed and approved by the Ethical Committee of Ghent University Hospital, and written informed consent was obtained from all
of the participants. Since more than 90% of patients with
EDS-HT are women (4), the current study included only
women. In total, 86 white subjects participated, of whom
43 patients were diagnosed with EDS-HT and 43 were
healthy control subjects. Patient selection was performed
in the Centre for Medical Genetics at Ghent University
Hospital on the basis of the Villefranche criteria for EDSHT, which include the presence of generalized joint hypermobility (Beighton score of ⬎4 of 9) (Table 1) and/or
skin hyperextensibility/fragility, in combination with recurring joint dislocations, and/or chronic musculoskeletal
pain, and/or a positive family history. Patients were excluded if they had a musculoskeletal injury at the lower
extremity or had undergone knee surgery within the last 2
years. The control subjects were healthy volunteers individually matched for sex, age, and ethnicity. Exclusion
criteria for the control subjects were a Beighton score of ⬎4
of 9, surgery at the lower extremity or a severe knee or hip
trauma in the past, any musculoskeletal injury at the lower
extremity within the last 2 years, current lower extremity
pain, and participation in competitive sports.
Procedure. All of the subjects were asked to refrain
from strenuous exercise for 48 hours prior to the measurements. Subject characteristics, including age, height,
weight, body mass index (BMI), Beighton score, and PA
level, were collected (Table 1). PA level was assessed by
the Baecke questionnaire (18), which quantiﬁes work,
sports, and leisure activities using a 5-point scale ranging
from never to always. The sum of the 3 items is an indicator of habitual PA, with higher scores indicating a higher
PA level. Each subject was then tested following a standard protocol in the order as described below.
Measurements. Muscle strength. Quadriceps and hamstrings strength of the dominant leg were assessed with a
Biodex System 4 computerized isokinetic dynamometer
(Biodex Medical Systems), which was calibrated before
every test session. Leg dominance was determined by asking the subject which leg they would preferably kick a ball
with. Subjects were positioned in an upright sitting position, with the thigh, pelvis, and trunk stabilized with
ﬁxation straps. The lever arm was attached to the subject’s
lower leg by a padded cuff 2 cm proximal to the medial
malleolus, and the axis of rotation of the dynamometer
arm coincided with the axis for knee ﬂexion/extension.
Maximal voluntary concentric knee ﬂexion and extension
movements were performed at the angular velocities of
60°/second and 180°/second for 5 repetitions each. The
order of speed was from slower to faster, as suggested by
Wilhite et al (19), and a 60-second rest period was provided between each angular velocity. Before each test, the
subjects performed 3 consecutive submaximal warm-up
trials to become familiar with the movement and velocity.
All of the tests were conducted by the same researcher
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Table 1. Subjects’ characteristics*

Age, years
Height, cm
Weight, kg
BMI, kg/m2
Beighton score (of total 9)
Physical activity score
Lean mass in dominant leg, kg

EDS-HT group

Control group

P

40 ⫾ 10.8
165 ⫾ 7.4
69.8 ⫾ 12.40
25.8 ⫾ 4.91
6 ⫾ 1.6
6.4 ⫾ 2.14
7.2 ⫾ 1.45

40 ⫾ 10.6
168 ⫾ 6.2
67.6 ⫾ 10.98
24.0 ⫾ 3.59
1 ⫾ 1.2
8.4 ⫾ 1.28
7.5 ⫾ 1.21

0.880
0.070
0.378
0.059
⬍ 0.001†
⬍ 0.001†
0.289

* Values are the mean ⫾ SD. EDS-HT ⫽ Ehlers-Danlos syndrome hypermobility type; BMI ⫽ body mass
index.
† P ⬍ 0.05.

(LR), and the subjects were verbally encouraged to exert
maximal efforts. In addition, the coefﬁcient of variation
(CV) was examined. The CV indicates how much variation
occurred during the test between repetitions, or in more
technical terms, the SD of the torque data divided by the
mean torque. Large CVs can be attributed to underlying
factors such as a lack of maximal effort. An acceptable CV
for the quadriceps and hamstrings is ⱕ15% (20). Therefore, test results with a CV ⬎15% were discarded and the
test was repeated. This occurred only in a few subjects.
Peak torque (PT; Nm), PT/body weight (PT/BW; Nm/kg),
and the hamstrings:quadriceps ratio (H:Q; percentage)
were assessed for each velocity. PT is the highest absolute
torque produced by the muscle and represents the muscle’s maximum strength capability. PT/BW is the PT normalized for the subject’s body weight, used to standardize
and compare scores. The H:Q notes the balance between
the PT of the knee ﬂexors to knee extensors, which is of
importance to dynamic stability of the knee joint. At the
knee, an H:Q ratio of approximately 60% has been accepted as normal (21).
Muscle strength endurance. The same setup as described above was used to evaluate isokinetic muscle
strength endurance, which was performed at an angular
velocity of 240°/second across 30 maximal concentric contractions of knee extension and ﬂexion. This is a modiﬁcation of the test by Maquet et al (22), in that a higher
velocity was used to decrease compressive forces on vulnerable joints in our EDS-HT population. The test was
performed 60 seconds after the isokinetic test at 180°/
second.
The parameters of interest were total work (J), work ﬁrst
third (J), work last third (J), and work fatigue (percentage).
Total work is the work produced throughout the test and
represents the muscle’s capability. Work ﬁrst third and
work last third are the efforts produced during the ﬁrst and
last thirds of the test duration, respectively. Work fatigue
is the percent decrease in torque output between the ﬁrst
third and the last third of work in the test. If a subject was
not able to complete the entire test of 30 repetitions, the
test was invalid and discarded from statistical analysis.
Then, after 10 minutes of rest, we evaluated muscle
strength endurance in a static way by posture maintenance. The 2 postures examined were lying supine with
30° ﬂexion of the dominant hip and standing with the back
against the wall with 90° knee ﬂexion, as described by

Maquet et al (23). The length of time (seconds) a subject
could maintain the given posture was determined. Time
was started from the moment the subject adopted the correct position until the subject failed to maintain the posture. At least 5 minutes of rest were provided between
each muscle strength endurance test.
Pain and fatigue associated with muscle strength and
endurance tests. Pain severity of the lower extremity
tested was evaluated just before and immediately after
each muscle strength test and just before, immediately
after, and 1 minute after each muscle strength endurance
test. A visual analog scale (VAS; mm) was used, where a
score of 0 indicates no pain and a score of 100 indicates
unbearable pain. According to Jensen et al, 0 – 4 mm ⫽ no
pain, 5– 44 mm ⫽ mild pain, 45–74 mm ⫽ moderate pain,
and 75–100 mm ⫽ severe pain (24).
In addition, fatigue was simultaneously evaluated just
before, immediately after, and 1 minute after each muscle
endurance test. The modiﬁed Borg scale was used, which
is a simple method of rating perceived exertion with a
15-point scale (range 6 –20) ranging from “not at all” to
“very, very hard” exhausted (25).
Muscle mass. To examine the possibility that muscle
atrophy is a basis for muscle weakness, lean tissue mass of
the dominant lower extremity was obtained by total body
dual x-ray absorptiometry (DXA; QDR 4500 DXA Discovery A device, Hologic). Appendicular lean mass (gm) was
determined as muscle mass assuming that all nonfat and
nonbone tissue was skeletal muscle. The lower extremity
was deﬁned as all tissue below a diagonal line drawn
outward and upward from the groin area through the femoral neck. The measurement was performed by a welltrained and experienced nurse of the Department of Endocrinology at the Ghent University Hospital, and weekly
whole-body phantom measurements showed CVs of ⬍1%.
This procedure has been validated against measurements
with magnetic resonance imaging (26).
Functional performance. Functional lower extremity
performance was evaluated by the chair rise test, which is
a movement that is highly relevant in everyday life. A
bench of 46 cm anchored to a Leonardo ground reaction
force platform (Novotec Medical) was used. Starting by
sitting on the bench with the feet on the ground and the
arms folded across the chest, the subject was asked to
stand up straight and to sit down instantly as quickly as
possible 5 times. In the present study, total time and av-
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Table 2. Muscle strength*

Test at 60°/second
PT, Nm
Knee extensors
Knee ﬂexors
PT/BW, Nm/kg
Knee extensors
Knee ﬂexors
H:Q, %
Test at 180°/second
PT, Nm
Knee extensors
Knee ﬂexors
PT/BW, Nm/kg
Knee extensors
Knee ﬂexors
H:Q, %

EDS-HT group

Control group

Difference, %

P

84 ⫾ 38.2
44 ⫾ 20.5

120 ⫾ 26.1
69 ⫾ 12.8

⫺30.0
⫺36.2

⬍ 0.001†
⬍ 0.001†

1.2 ⫾ 0.52
0.6 ⫾ 0.26
53 ⫾ 14.1

1.8 ⫾ 0.39
1.0 ⫾ 0.20
58 ⫾ 9.2

⫺33.3
⫺40.0

⬍ 0.001†
⬍ 0.001†
0.115

56 ⫾ 26.9
31 ⫾ 16.2

79 ⫾ 18.5
46 ⫾ 11.7

⫺29.2
⫺32.7

⬍ 0.001†
⬍ 0.001†

0.8 ⫾ 0.36
0.4 ⫾ 0.22
54 ⫾ 16.3

1.2 ⫾ 0.26
0.7 ⫾ 0.18
59 ⫾ 10.8

⫺33.3
⫺42.9

⬍ 0.001†
⬍ 0.001†
0.199

* Values are the mean ⫾ SD unless otherwise indicated. EDS-HT ⫽ Ehlers-Danlos syndrome hypermobility type; difference ⫽ 100 ⫻ ([EDS-HT ⫺ control]/control); PT ⫽ peak torque; PT/BW ⫽ PT normalized
for body weight; H:Q ⫽ PT hamstrings:PT quadriceps ratio.
† P ⬍ 0.05.

erage time per trial were obtained on the basis of vertical
ground reaction forces exerted on the platform. If the average time per trial exceeded 2.5 seconds, the subject was
regarded as having a substantial increased risk of falling
and hip fracture. A score of ⬍2.0 seconds has been accepted as normal (27).
Physical impairment. A validated Dutch version (for the
northern part of Belgium) (28) and a French version (for
the southern part of Belgium) (29) of the Arthritis Impact
Measurement Scales (AIMS) were used to evaluate functional impairment by questionnaire. The AIMS was originally developed for rheumatoid arthritis but is now widely
used in the ﬁeld of rheumatology. Only the physical impairment dimension was of interest for the present study,
comprising 28 items grouped into 6 subscales: mobility,
walking and bending, hand and ﬁnger functions, arm functions, self-care, and household activities. For each subscale and for the overall physical dimension, a physical
impairment score was calculated and graded from 0 –10,
where 10 ⫽ the highest physical impairment.
Statistical analyses. Data analysis was performed using
PASW Statistics 18. Descriptive data are shown as the
mean ⫾ SD, with the exception of pain and muscle fatigue
scores, which are shown as clustered box plots with medians and interquartile ranges. To compare age, height,
weight, BMI, Beighton score, PA score, and muscle mass
between the groups, independent t-tests were used,
whereby a signiﬁcant difference between the EDS-HT and
control groups was revealed for PA (P ⬍ 0.001), which was
controlled for in subsequent analyses of muscle function.
Consequently, a univariate analysis of covariance was conducted to determine group differences in muscle strength,
muscle strength endurance, and functional performance.
To compare the number of dropouts for the isokinetic
muscle endurance test between both groups, a chi-square
test was used. Physical impairment scores were compared

by independent t-tests. P values less than 0.05 were considered statistically signiﬁcant.

RESULTS
Subjects’ characteristics. The anthropometric characteristics of all of the subjects are shown in Table 1. The
groups were homogenous with respect to age, sex, height,
weight, and BMI. Also, muscle mass of the dominant leg
was similar in EDS-HT patients and control subjects (P ⫽
0.289). In addition (Table 1), the mean Beighton score was
signiﬁcantly higher (P ⬍ 0.001) and the PA level was
signiﬁcantly lower (P ⬍ 0.001) in the patient group compared to the control group, with a range of 1.5–9.7 and
6.1–11.5, respectively.
Muscle strength. The results of the muscle strength tests
are shown in Table 2. The knee extensor and ﬂexor maximal muscle strength (PT) was signiﬁcantly lower in the
patient group than in the control group at the angular
velocity of 60°/second (P ⬍ 0.001) as well as at 180°/
second (P ⬍ 0.001). The results were even more marked
when normalized for body weight (PT/BW), with differences ranging from ⫺33.3% to ⫺42.9%. Reductions were
approximately similar for knee extensors and knee ﬂexors.
Consequently, the H:Q ratio was not signiﬁcantly different
between both of the groups, although the patient group
had lower muscle balance scores than the control group.
Muscle strength endurance. Seven EDS-HT patients
and none of the control subjects were unable to complete
the isokinetic endurance protocol (P ⬍ 0.05). The results
in Table 3 indicated that the EDS-HT patients had significantly reduced isokinetic muscle strength endurance,
as expressed by lower total work, and lower work during
the ﬁrst third and last third of the test duration compared
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Table 3. Muscle strength endurance*

Isokinetic muscle endurance†
Total work, J
Knee extensors
Knee ﬂexors
Work ﬁrst third, J
Knee extensors
Knee ﬂexors
Work last third, J
Knee extensors
Knee ﬂexors
Work fatigue, %
Knee extensors
Knee ﬂexors
Static muscle endurance
Dominant hip ﬂexion, seconds
Standing knee ﬂexion, seconds

EDS-HT group

Control group

Difference, %

P

1,098 ⫾ 551.0
525 ⫾ 367.2

1,636 ⫾ 424.2
910 ⫾ 301.5

⫺32.9
⫺42.3

⬍ 0.001‡
⬍ 0.001‡

472 ⫾ 260.2
245 ⫾ 170.6

680 ⫾ 182.8
386 ⫾ 141.8

⫺30.5
⫺36.5

⬍ 0.001‡
⬍ 0.001‡

262 ⫾ 132.1
111 ⫾ 82.3

406 ⫾ 106.4
219 ⫾ 68.7

⫺35.5
⫺49.3

⬍ 0.001‡
⬍ 0.001‡

34 ⫾ 43.9
47 ⫾ 40.3

39 ⫾ 14.8
39 ⫾ 23.8

56 ⫾ 43.6
35 ⫾ 25.2

140 ⫾ 60.9
79 ⫾ 52.9

0.501
0.276
⫺60.0
⫺55.7

⬍ 0.001‡
⬍ 0.001‡

* Values are the mean ⫾ SD unless otherwise indicated. EDS-HT ⫽ Ehlers-Danlos syndrome hypermobility type;
difference ⫽ 100 ⫻ ([EDS-HT ⫺ control]/control).
† Seven EDS-HT patients were not able to complete the test and were excluded from the analysis.
‡ P ⬍ 0.05.

to the control subjects, with differences ranging from
⫺30.5% to ⫺49.3%. Conversely, work fatigue, which is
the percent decrease in work between the ﬁrst third and
last third of the test, was similar in the EDS-HT and control
groups for both knee extensors and knee ﬂexors. Furthermore, static muscle endurance was also markedly reduced
in the EDS-HT group as compared to the control group.
Actually, the EDS-HT patients could not maintain both
postures for even half the time of the control subjects.
Pain and fatigue. The results of pain and fatigue associated with the muscle strength and muscle strength endurance tests are shown in Figure 1. Concerning pain
severity, the EDS-HT group generally reported mild lower
extremity pain at rest just before the test. Immediately after
the test, the median pain score increased to 40 – 60 of 100,
which reﬂects moderate pain due to the test. One minute
after the test, pain was only slightly reduced, with 10 –20
mm on the VAS. In contrast, the control subjects were pain
free at every point in time.
Concerning fatigue, the patient group showed a greater
level of fatigue than the control group at every moment. In
particular, the EDS-HT group already showed some fatigue
at baseline, in contrast to the nonfatigued control group.
Immediately after the endurance test, EDS-HT patients
were completely exhausted, whereas the control subjects
showed only a moderate fatigue. Finally, 1 minute after the
test, EDS-HT patients remained exhausted, whereas control subjects quickly recovered. Furthermore, it was striking that the pretest Borg scores in the EDS-HT patient
group increased as the protocol moved on.
Functional performance. The EDS-HT subjects showed
signiﬁcantly poorer lower body performance than the control subjects, reﬂected by an increased total time to complete 5 repeated stands from the chair (P ⬍ 0.001) and an
increased average time per stand (P ⬍ 0.001) (Table 4). The

mean ⫾ SD time of 2.3 ⫾ 0.96 seconds in the patient group
also suggested a slightly increased risk of falling in these
patients.
Physical impairment. The mean ⫾ SD overall physical
dimension scores were 3.4 ⫾ 1.4 in the EDS-HT group and
0.2 ⫾ 0.2 in the control group (P ⬍ 0.001). As shown in
Figure 2, all subscale physical impairment scores were
signiﬁcantly higher in the EDS-HT group compared to the
control group, which indicated poorer physical function
in the patient group. The greatest physical impairment was
observed in walking and bending and the least physical
impairment was observed in self-care activities.

DISCUSSION
This study demonstrates severely reduced quantitative
muscle function and substantial impairment in physical
function in patients with EDS-HT compared to age- and
sex-matched controls. The patient group clearly shows
lower extremity muscle weakness, as evidenced by reduced muscle strength, reduced muscle strength endurance, and diminished functional performance. Lower extremity muscle mass was similar in both groups and
therefore unlikely to affect the muscle strength results. In
contrast, muscle pain and muscle fatigue were omnipresent in the patient group, increased remarkably due to the
muscle strength tests, and decreased very slowly after each
test. In addition, poorer physical function was determined
in the patient group with the greatest dysfunction in walking and bending, indicating a clinically signiﬁcant impact
on the daily lives of the patients with EDS-HT.
Our results regarding muscle strength are in line with
the ﬁndings of previous reports on muscle weakness in
other types of EDS. Generalized moderate muscle weakness, also including quadriceps muscle weakness, was

Physical and Muscle Function Impairment in EDS-HT

1589

Figure 2. Physical impairment. Descriptive statistics are shown
as the mean ⫾ SD. Green bars ⫽ Ehlers-Danlos syndrome hypermobility type group; grey bars ⫽ control group; * ⫽ P ⬍ 0.05.

Figure 1. Pain and fatigue associated with muscle strength and
endurance tests. Clustered box plots are shown with medians and
interquartile ranges. Grey bars ⫽ just before the test; blue bars ⫽
immediately after the test; green bars ⫽ 1 minute after the test;
VAS ⫽ visual analog scale for pain; EDS ⫽ Ehlers-Danlos syndrome hypermobility type group; CTR ⫽ control group; BORG ⫽
Borg scale for fatigue; * ⫽ outlier.

shown in 1 case study of the EDS classic type (30) and in 2
patients with the TN-X– deﬁcient EDS type (8). Another
study by Voermans et al demonstrated mild to moderate
muscle weakness in various EDS types, in which patients with the hypermobility type caused by TN-XB haploinsufﬁciency were least affected (10). This is peculiar,
since by contrast, our results show considerable quadriceps and hamstrings muscle weakness in the EDS-HT
group with decreases of 33.3% to 42.9% in maximal muscle strength (PT/BW) compared to the healthy control
group. This discrepancy may be explained by the fact that
EDS-HT consists of a wide clinical spectrum ranging from
very severe to milder phenotypes, in which EDS-HT patients with TN-XB haploinsufﬁciency represent only a minority. Moreover, the ﬁndings of Voermans et al (10) suggest that qualitative variation in muscular involvement
among various types of EDS can be a reﬂection of the

tissue-speciﬁc distribution of involved molecules, such as
TN-X. Unfortunately, the molecular background is still
unknown for the majority of patients with EDS-HT (95%).
Furthermore, we did not ﬁnd a signiﬁcant difference in
the isokinetic H:Q ratio between the patient and control
groups. However, compared to the normal H:Q ratio of
60%, muscle imbalance in the EDS-HT group appears to
emerge (1-sample t-test, P ⬍ 0.05 at both velocities). Coactivation of the quadriceps and hamstrings is considered
to provide active stabilization of the knee when stabilization by the passive restraint system (ligaments and capsule) is lacking (31), which is typical in EDS. However,
muscle coactivation can only succeed in stabilizing the
knee joint when there is sufﬁcient muscle strength of both
the quadriceps and hamstrings. In this case, joint instability in EDS-HT can be explained partially by the substantial
muscle weakness in quadriceps and to a larger extent in
the hamstrings, as observed in our patients.
Not only maximal strength, but also strength endurance,
was remarkably affected in the patients with EDS-HT compared to the healthy subjects. The work capacity in the
patients was signiﬁcantly lower than in the control subjects, at the beginning as well as at the end of the isokinetic
endurance test. Surprisingly, the decrease in work, or
work fatigue, was similar in the patients and controls. The
fact that only data from patients who could complete the
test (the “best” patients) were used in the statistical analyses is a plausible explanation for this observation. However, from the static endurance test, it is clear that the
patients are easily fatigued, as evidenced by a signiﬁcantly
Table 4. Functional muscle performance*
Chair rise
test variable

EDS-HT
group

Control
group

P

Average time
per test,
seconds
Total time,
seconds

2.3 ⫾ 0.96

1.3 ⫾ 0.24

⬍ 0.001†

8.3 ⫾ 5.21

4.2 ⫾ 1.48

⬍ 0.001†

* Values are the mean ⫾ SD. EDS-HT ⫽ Ehlers-Danlos syndrome
hypermobility type.
† P ⬍ 0.05.
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shorter endurance time to maintain a speciﬁc posture.
Unfortunately, there are currently no studies regarding
muscle strength endurance in EDS with which to compare
our results.
Several factors may be responsible for the muscle weakness observed in patients with EDS-HT. It has long been
suggested that muscle weakness in EDS resulted from reduced PA due to exercise avoidance. In agreement with
this hypothesis, the current study showed signiﬁcantly
lower levels of PA in the EDS-HT group. However, after
controlling for this level of PA in the statistical analyses,
muscle strength remained signiﬁcantly lower in the patients with EDS-HT. Therefore, it is unlikely that reduced
PA would be responsible for the deterioration in muscle
function of our EDS-HT patients. In addition, in case of
reduced activity, muscle atrophy can occur, and can be
responsible for the muscle weakness. However, this is
improbable, since DXA measurements of the lower extremity revealed no decreased muscle mass in the EDS-HT
patients compared to the controls.
A third and more likely hypothesis could be that the
cause of muscle weakness in EDS is located in the ECM of
the muscle itself. Abnormalities in muscle ECM composition, based on defective collagen function and a defective
interaction with other ECM components, may inﬂuence
muscle function by altering force transmission (8,10,32). A
reduction of the force generated within the muscle ﬁbers
and transmitted via tendon onto the skeleton (myotendinous force transmission) can occur due to an increased
compliance of the muscle–tendon complex, since more
slack has to be taken up before the elastic component can
transmit forces. In accordance with this, our research
group recently investigated the passive muscle–tendon tissue properties of the plantar ﬂexors in women with EDSHT. The results show reduced passive muscle tension of
the calf muscles, with no difference in muscle cross-sectional area, and a reduced stiffness of the Achilles tendon
in patients with EDS-HT compared to healthy control subjects. Structural modiﬁcations in the connective tissue of
EDS-HT patients are thought to be responsible for this
increased muscle–tendon compliance (33). In addition to
myotendinous force transmission, up to 40% of the muscle
force generated within a muscle can be transmitted from
muscle ﬁbers onto the intra-, inter-, and extramuscular
connective tissue to the skeleton (myofascial force transmission) (34). Altered compliance of these myofascial
pathways might decrease the force transmitted, resulting
in muscle weakness. This hypothesis of altered myofascial
force transmission is supported by some recent studies in
patients with EDS (8,10). Nevertheless, further research is
needed.
Other problems may also contribute to the muscle weakness observed in patients with EDS-HT, such as chronic
pain and increased fatigability. Our results show that both
musculoskeletal pain and fatigue are emphatically present
in the EDS-HT group, which is in agreement with previous
results in patients with EDS (7,35,36). Pain may cause
inhibition of maximal voluntary contraction force, resulting in muscle weakness (37). In addition, a positive and
direct relationship between fatigue severity and muscle
weakness in EDS has been suggested (38). Moreover, it is
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striking that the exercise-induced pain and fatigue in the
patients with EDS-HT increased disproportionately compared to the muscle performance, and remained extremely
high and long-lasting after the effort. The latter points to a
delayed recuperation in EDS-HT. The reason for pain and
fatigue remains unclear, but it could be that mitochondrial
dysfunction is involved, as suggested in ﬁbromyalgia.
Mitochondrial dysfunction can account for a lower production rate of ATP in the muscle and nervous systems,
which is associated with increased peripheral fatigue and
pain (39). In any case, this warrants further investigation.
This study was not only focused on weakness in muscle
strength and muscle strength endurance, but also on the
impact of these factors on the patients’ functional capacities in daily life. Knee extensor muscle weakness has been
associated with a reduction in walking capacity, stair
climbing ability, getting up from a seated position, postural stability, and even the occurrence of falls (14 –17). In
agreement, our results show a signiﬁcantly poorer functional performance on the chair rise test in the patients
with EDS-HT compared to the control subjects, as evidenced by the increased total and average time to stand up
from and sit down on a chair. Indirectly, a slightly increased risk of falling was determined, which can be conﬁrmed by a recent study that demonstrated increased falls
and imbalance in patients with EDS-HT (40). In addition,
the AIMS scores demonstrated impaired physical function
in the EDS-HT patients, with the highest impairment in
walking and bending, which are activities in which quadriceps and hamstrings muscle strength plays an important
role. This explains why supportive aids, such as crutches
or a wheelchair, regularly appeal to many patients with
EDS (41).
The fact that reduced muscle strength is a major contributor to physical impairment in EDS-HT, which signiﬁcantly affects the daily lives of EDS-HT patients, may be a
starting point for appropriate treatment. EDS-HT has no
deﬁnitive treatment and therefore poses a management
challenge. In light of our ﬁndings, it may be appropriate for
clinicians to consider interventions that improve muscle
strength and muscle strength endurance, and at the same
time diminish pain and fatigue, which are known to compromise improvement of muscle strength. Several studies
have shown that in patients with rheumatoid arthritis and
ﬁbromyalgia, both aerobic training and resistance training,
on land as well as in water, improve muscle strength,
endurance capacity, functionality, and health-related
quality of life (42– 46). However, in adult patients with a
heritable connective tissue disorder, whether muscle function can be improved by training and to what extent, and
thereby improve physical function, requires evaluation in
future studies.
Our results must be viewed within the limitations of the
study. First, the current data are limited to the lower
extremity, whereas muscle strength in the upper extremity
may or may not be affected in patients with EDS-HT.
Second, our cross-sectional results may be affected by
reverse causation, i.e., physical function limitations could
adversely affect muscle strength. Third, the present study
only included female patients, so we should be cautious
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with generalization of the results. However, 90% of patients with EDS-HT are women (4).
In conclusion, this is the ﬁrst extensive clinical study on
lower extremity quantitative muscle function in patients
with EDS-HT. The results demonstrate considerably reduced quadriceps and hamstrings muscle strength and
muscle strength endurance in the EDS-HT patients compared to the healthy subjects, which was also reﬂected in
poorer functional performance and impaired physical
function. The muscle weakness may be due to muscle
dysfunction rather than muscle atrophy, in which altered
force transmission due to abnormalities in muscle extracellular matrix composition may play an important role.
Further research is needed to investigate whether exercise
programs to strengthen quadriceps and hamstrings can
improve muscle function in patients with EDS-HT.
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