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ABSTRACT

ARTICLE HISTORY

Objective: The first aim of this study was to determine whether adolescents with asymptomatic
Generalized Joint Hypermobility (GJH) have a lower level of physical functioning (physical activity
level, muscle strength and performance) compared to non-hypermobile controls. Secondly, to
evaluate whether the negative impact of perceived harmfulness on physical functioning was more
pronounced in adolescents with asymptomatic GJH.
Methods: Cross-sectional study. Sixty-two healthy adolescents (mean age 16.8, range 12–21)
participated. Hypermobility (Beighton score), perceived harmfulness (PHODA-youth) and muscle
strength (dynamometry), motor performance (Single-Leg-Hop-for-Distance) and physical activity
level (PAL) (accelerometry) were measured. Hierarchical regression analyses were used to study
differences in physical functioning and perceived harmfulness between asymptomatic GJH and
non-hypermobile controls.
Results: Asymptomatic GJH was associated with increased knee extensor muscle strength (peak
torque/body weight; PT/BW), controlled for age and gender (dominant leg; ß = 0.29; p = .02). No other
associations between asymptomatic GJH and muscle strength, motor performance and PAL were
found. Perceived harmfulness was not more pronounced in adolescents with asymptomatic GJH.
Conclusions: Adolescents with asymptomatic GJH had increased knee extensor muscle strength
compared to non-hypermobile controls. No other differences in the level of physical functioning
was found and the negative impact of perceived harmfulness was not more pronounced in
adolescents with asymptomatic GJH.
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Introduction
Generalized joint hypermobility (GJH) is defined as an
increased range of motion in most of the individual’s joints
(Beighton, Grahame, and Bird, 2012). The prevalence of
GJH in different child and adolescent populations varies
from 2-55%, depending on ethnicity, gender, age and the
tests and criteria applied (Murray, 2006). For many individuals with GJH, flexible joints deliver a potential benefit in
the performance of sporting activities such as dancing or
gymnastics (Scheper et al., 2013a). However, for others,
GJH can be disabling since it is related to symptoms such
as chronic pain, joint instability, disturbed proprioception
and soft tissue injuries, and is referred to as Generalized
Hypermobility Spectrum Disorder (G-HSD) (Castori et al,
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2017). G-HSD shows overlap with the hypermobile type of
the Ehlers-Danlos Syndrome (hEDS) (Malfait et al., 2017).
Both symptomatic conditions lack a specific genetic profile
and it is referred to as G-HSD/hEDS.
In individuals with G-HSD/hEDS; a reduction in level of
physical functioning (Fatoye et al., 2012; Voermans et al.,
2010); decreased muscle strength (Engelbert et al., 2006;
Fatoye et al., 2009); impaired proprioception (Fatoye et al.,
2009; Sahin et al., 2008); reduced balance (SchubertHjalmarsson, Ohman, Kyllerman, and Beckung, 2012)
and decreased physical activity levels (PAL) (Rombaut
et al., 2010) are commonly reported. Earlier studies also
indicated that asymptomatic GJH alone was associated
with decreased daily activities, such as walking distance
and jumping capacity (Scheper et al., 2014b) and
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decreased muscle strength (Jindal, Narayan, Ganesan, and
MacDermid, 2016; Scheper et al., 2014a). In addition, outcomes of a physical activity questionnaire showed that
adolescents and young adults with asymptomatic GJH participated less during sports and outdoor activities and preferred more stable activities, such as walking and cycling
compared to non-hypermobile controls (Scheper et al.,
2014a). However, other studies could not confirm
the reduced muscle strength (Jensen et al., 2013; Mebes
et al., 2008) and altered physical activity level measured
objectively with an accelerometer (Clinch et al., 2011) in
adolescents and adults with asymptomatic GJH vs nonhypermobile controls. A possible explanation might be
that the included population in the study of Jensen et al.
(2013) and Mebes et al. (2008) was older than the included
population in the studies that did find decreased muscle
strength in asymptomatic GJH.
Thus, it remains unclear whether a lower level of
physical functioning in G-HSD/hEDS is caused by GJH
itself or whether it is due to pain or the anticipation of
pain. It could be hypothesized that, due to GJH, an individual may learn to avoid or to be more careful during
complex activities requiring more joint control, in order
to prevent the development of musculoskeletal complaints or injuries. This behavior seems in line with avoidance behavior described in the fear-avoidance model to
explain the disabling role of pain-related fear in chronic
pain (Leeuw et al., 2007; Simons and Kaczynski, 2012).
However, it is unclear whether individuals with asymptomatic GJH also perceive complex activities as potentially
more harmful compared to individuals without GJH.
Therefore the aim of this study was to determine whether
adolescents with asymptomatic GJH have lower physical
functioning levels, by assessing muscle strength, motor
performance and PAL compared to non-hypermobile
adolescents. In addition, the second aim was to evaluate
whether the negative impact of perceived harmfulness on
muscle strength, motor performance and PAL was more
pronounced in adolescents with asymptomatic GJH compared to non-hypermobile adolescents.

Methods
Participants
In this cross-sectional study, sixty-two healthy adolescents
(mean age 16.8, sd 2.3, range 12–21) were recruited in the
Southern area of the Netherlands. The adolescents had
good understanding of the Dutch language. Exclusion
criteria were chronic musculoskeletal pain and specific
medical conditions/disorders influencing physical functioning such as acute or recurrent musculoskeletal pain.
The study protocol was approved by the Medical Ethics
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Committee of the Academic Maastricht University/
University Hospital Maastricht, the Netherlands (METC
number: 15-4-052).
Procedure
Adolescents were included in three different ways. First,
adolescents were verbally informed about the purpose of
the study on a local high school. Second, adolescents
responded on a pamphlet that was presented at two
institutes for higher education (Zuyd University of
Applied Science and Maastricht University). Third, adolescents were asked from the personal network of the
research group. Adolescents, that indicated to be interested in participation received an information letter and
after a week, a researcher (TvM/NS/TH) contacted them
by telephone or by mail to ask whether they were willing
to participate in the study. All adolescents who participated provided written informed consent. Adolescents
younger than 18 years needed written approval from
their parents and/or caregivers.
After written approval all outcome measures were
collected by a physical therapist during a 1 hour session.
First, sociodemographic variables (age, gender, ethnicity
of the father and mother, education level and if applicable
having a (part time) job), pain intensity and the perceived
harmfulness were collected. Further height and weight
were measured in a standardized method without heavy
clothing and shoes. BMI was calculated as weight in kilograms divided by the square of height in meters. Then, the
physical functioning (i.e. isokinetic muscle strength and
endurance and motor performance) was assessed and
GJH was measured using the Beighton Score (BS). At
last, adolescents were instructed about the use of the
accelerometer, which measured PAL. The accelerometer
had to be worn during 7 consecutive days.
Measurements
Hypermobility
The presence of hypermobility was assessed using the BS,
with a standardized protocol (Smits-Engelsman, Klerks,
and Kirby, 2011). The BS consists of 9 functional tests
(hyperextension of the knees, elbows and little fingers,
thumb apposition to the forearm and trunk flexion) and
scored dichotomously with a maximum score of 9 points.
In a recently published consensus statement a cutoff point
of 5 out of 9 for adults up to the age of 50 and a cutoff point
of 6 out of 9 for pre-pubertal children and adolescents was
recommended (Juul-Kristensen et al., 2017; Malfait et al.,
2017). Based on these findings, the adolescents were
assigned to one of two groups: a group with asymptomatic
GJH (GJH; BS ≥ 6 for < 18 years; and BS ≥ 5 for ≥ 18 years)
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or a group without asymptomatic GJH (non-GJH; BS < 6
for < 18 years and BS < 5 for ≥ 18 years). The BS is a valid
instrument to evaluate GJH in elementary schoolchildren
(Smits-Engelsman, Klerks, and Kirby, 2011).
Pain intensity
Pain intensity was measured with three 100-mm visual
analogue scales (VAS): 1) current pain; 2) the worst/
most severe pain experienced in the last week; and 3)
and the least pain experienced in the last week. The
VAS pain is a reliable and valid measure for pain
intensity in children older than 8 years (Stinson et al.,
2006). The mean of these 3 VAS scores was calculated
and used to express pain intensity in the analyses.
Perceived harmfulness (PHODA-youth)
The Photograph Series of Daily Activities for youth
(PHODA-youth), which has been found to be valid
and reliable in adolescents with chronic musculoskeletal pain (Verbunt et al., 2015), was used to measure
perceived harmfulness. The PHODA-youth contains 51
age-specific activities and social situations and consists
out of 3 categories: 1) activities of daily living and
household (PHODA-ADL [13 items]); 2) intensive
physical activities (PHODA-PA [27 items]); and 3)
social activities (PHODA-SA [11 items]). Adolescents
rate the photographs from 0 (“not harmful at all”) to 10
(“extremely harmful”), where higher scores indicated
higher levels of perceived harmfulness.
Physical functioning
To represent the level of physical functioning; isokinetic muscle strength and endurance, motor performance and physical activity level were assessed.
Muscle strength
The Biodex System 3 Pro dynamometer® (Biodex Medical
Systems, Shirley, NY, USA), which is a reliable and valid
isokinetic dynamometer (Drouin et al., 2004), was used to
test isokinetic knee extensor and flexor strength in both
legs. The adolescent’s leg dominance was recorded by
asking which leg was preferred for kicking a ball. The setup of Rombaut et al. (2012) was used, where the adolescent was positioned in an upright sitting position and the
tested leg was stabilized with a fixation strap. The lever
arm was attached to the adolescent’s lower leg by
a padded cuff 2 cm proximal to the medial malleolus,
and the axis of movement of the dynamometer was in line
with the axis of movement of the knee extension/flexion.
After one practice repetition to become familiar with the
movement and velocity, five repetitions of maximal
voluntary concentric knee extension and flexion were
performed at the angular velocity of 60°/second. Peak

torque (PT; Nm) was assessed and is the highest muscular
force output similar to one repetition maximum effort in
isotonic muscle work and represents the muscle’s maximum strength capability. PT/body weight is the PT normalized for body weight, used to standardize and
compare scores and was used for further analyses.
Muscle strength endurance
The same setup as described above was used for measuring isokinetic muscle strength endurance in both legs. The
adolescent had to perform 30 repetitions of maximal
concentric knee extension and flexion with an angular
velocity of 240°/second. The test was performed 60 seconds after the isokinetic test of 60°/second. Total work (J)
is the work produced throughout the test and represents
the muscle’s capability.
Motor performance
The Single-Leg-Hop-for-Distance (SLHD) is a dynamic
motor performance test (Junge et al., 2015) measuring
joint stability and coordination (Gustavsson et al., 2006),
which might be decreased in asymptomatic GJH. The
SLHD has shown high intra-subject reliability (Ross,
Langford, and Whelan, 2002). The method of Junge
et al. (2015) was used, where the adolescent stood on the
test leg and then hopped as far as possible allowing arm
swing assistance and landed on the same leg. The adolescent was instructed to control their landing and hold the
landing foot in place until the distance was registered.
After one practice hop, three valid hops with both legs
were performed with a resting period of 30 seconds in
between. The greatest distance measured in centimeters
form the toe at the push off to the heel at the place the
adolescents landed, for the dominant as well as the nondominant leg was used for the analyses.
Physical activity level
The level of physical activity (PAL) was measured using
a tri-axial accelerometer (AX3®; Axivity, Newcastle, UK).
The accelerometer was attached to the hip at the dominant side of the body with the USB port at the downside,
medial to the spina iliaca anterior superior (SIAS), using
plastic film (Tegaderm Film; 10 × 12 cm) and had to be
removed during the performance of activities that could
damage the monitor, such as contact sports and swimming. Bathing and showering was allowed with the accelerometer. Each adolescent received a diary to collect
information on data interruption and was asked to register non-wearing time and the reason for doing this
(Verbunt, Huijnen, and Seelen, 2012). Furthermore,
wake up time, sleeping and school hours were noted.
Nighttime and periods of non-wearing activities were
excluded from the analysis. To be included as a valid
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score, a minimum of three weekdays with at least 10 hours
of recording and one weekend day with at least 8 hours of
recording had to be available during the 7-day monitoring
period (Ottevaere et al., 2011; Trost, McIver, and Pate,
2005). Data processing was performed using Matlab® (The
Math Works Inc., Natick, USA). To obtain activity
counts, an algorithm was designed based on the method,
which was used for the Actiwatch 7® (Philips, Eindhoven,
Netherlands). Using this algorithm, the acceleration signals were converted into one resultant acceleration signal.
This signal was rectified and filtered using a high pass
filter (HPF) at 3 Hz and a low pass filter (LPF) at 10 HZ.
The highest recorded sample per second was selected in
the filtered and rectified data and summed per minute.
This counts/minute signal was used for all further calculations. Daily uptime was defined as the period
between getting up and going to sleep and was presented
in minutes.
PAL was expressed in three quantities: 1) Total activity
during uptime, calculated as the total sum of counts during
uptime (Huijnen et al., 2010). Data imputation was used to
compensate for non-wearing time during contact sports.
Values during non-wearing time were replaced by 2 times
the mean score per minute of the previous day (Huijnen
et al., 2010); 2) Mean activity level during 24 hours,
expressed as the mean number of counts per minute
per day. In this second method, sleeping time is included
in the total score; and 3) Peak activity level, determined as
the highest number of counts achieved in a single minute
per daytime wake period (Wilson and Palermo, 2012). In
addition, total activity during uptime and peak activity level
were calculated separately for the weekend days, weekdays,
school hours, and non-school hours.

Statistical analysis
Data analysis was performed using IBM Statistics for
Windows®, v23.0. (IBM Corp, Armonk, NY, USA).
Normality of the variables was checked by eye balling
using histograms and the Kolmogorov-Smirnov goodness
of-fit-test. Descriptive data of the anthropometrics and
sociodemographic measures, perceived harmfulness, and
pain intensity of the GJH group and the non-GJH group
are presented as mean ± standard deviation (SD) in the
case of normality of the variable. In the case of a nonnormal distribution the median and interquartile range
(IQR) are presented. Group differences between non-GJH
and GJH were tested using an independent sample t-test,
Mann-Whitney test or Kruskall-Wallis test for numerical
variables and a Chi-square test for categorical variables.
Hierarchical regression analyses were used to study the
hypothesis that adolescents with asymptomatic GJH have
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a decreased level of physical functioning (represented by
muscle strength, muscle strength endurance, motor performance and PAL) compared to non-hypermobile adolescents and in addition, whether the negative impact of
perceived harmfulness is more pronounced in adolescents
with asymptomatic GJH. Analyses were performed per
representative of physical functioning in three steps: 1)
representative of physical functioning (i.e. muscle
strength) was introduced as the dependent variable and
age, gender (male = 1; female = 0) and hypermobility
(GJH = 1; non-GJH = 0) were introduced as independent
variables; 2) PHODA-youth was added; and 3) interaction
term (PHODA-youth*GJH/non-GJH) was introduced. In
case of a significant interaction, additional regression
analyses were performed for both groups separately.
This procedure was repeated with the other representative
of physical functioning (i.e. muscle strength endurance,
motor performance and PAL [total activity during
uptime]) as independent variables. For all independent
variables, the association with the outcome was presented
by the standardized regression coefficient (β) and p-value.
As muscle strength endurance (extension dominant leg
and extension non-dominant leg), the PHODA-youth
and age did not meet the assumption of normality, these
variables were log transformed prior to analysis. After
transformation, skewness and kurtosis values of the scales
were in the acceptable range of −1 and +1. For all regression analysis, a collinearity check was performed.
Collinearity was considered a problem when the variance
inflation factor (VIF) was above 10 (Myers, 1990). To
compare the different PAL conditions between the GJH
and non-GJH group, independent t-tests or MannWhitney tests were used. P-values less than 0.05 were
considered statistically significant.

Results
Descriptive analysis
Sixty-two adolescents (47 females/15 males) participated
in the study. Table 1 presents the characteristics per
group (GJH/non-GJH). Eleven adolescents (18%) fulfilled the criteria for asymptomatic GJH, only 1 male
had GJH. There was a significantly higher Beighton
(p = < 0.01) and higher age (p = .02) in the GJH group
compared to the non-GJH group. In addition, significantly more adolescents in the GJH group participated
in tertiary education (vocational education or university
of applied sciences or university) compared to the nonGJH group (p = .04). No other significant differences
between the GJH and the non-GJH group with respect
to gender, weight, height, BMI, ethnicity, part time job
and pain intensity were found.
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Table 1. Characteristics of the study sample of adolescents with or without asymptomatic GJH.
Females/males, n
Beighton, n a
Age, y a
Weight, kg a
Height, cm b
BMI, kg/m2 a
Ethnicity father, n (%)
–Caucasian
–Arabic
–Latin American
Ethnicity mother, n (%)
–Caucasian
–Arabic
–Latin American
Education level, n (%)
–Primary education
–Secondary education
–Tertiary education
Part time job (yes/no), n
Pain intensity a

GJH (n = 11)

Non-GJH (n = 51)

Test statistics

10/1
6.0 (5.0–7.0)
18.0 (16.0–20.0)
63.1 (52.0–73.7)
169.7 ± 10.1
22.4 (18.5–24.2)

37/14
2.0 (2.0–3.0)
16.0 (15.0–18.0)
59.0 (53.1–69.7)
170.0 ± 9.0
21.5 (18.9–23.0)

p = .27
U = 8, z = −5.23, p ≤ .00
U = 158, z = −2.28, p = .02
U = 259, z = −0.40, p = .69
t60 = 0.09 (0.28,3.06)
U = 259, z = −0.40, p = .69
H1 = 0.01, p = .92

10 (90.9)
1 (9.1)
0 (0.0)

48 (94.2)
2 (3.9)
1 (2.0)

10 (90.9)
1 (9.1)
0 (0.0)

48 (94.2)
2 (3.9)
1 (2.0)

0 (0.0)
3 (27.3)
8 (72.7)
9/2
0.5 (0.0–0.9)

1 (2.0)
30 (58.8)
20 (39.2)
33/18
0.3 (0.0–1.1)

H1 = 0.00, p = .97

H1 = 4.09, p = .04

p = .48
U = 276, z = −0.09, p = .93

Abbreviations; GJH: group with asymptomatic hypermobility; Non-GJH: group without asymptomatic hypermobility; BMI: body mass index.
a
Not normally distributed data are presented by median (IQR).
b
Normally distributed data are presented by mean ± SD.

Table 2 presents the results of the level of perceived
harmfulness on the PHODA-youth and all subscales.
Results showed that the level of the perceived harmfulness was very low on all subscales related to the total
score range. There were no significant differences
regarding the level of perceived harmfulness between
the GJH group and the non-GJH group (Table 2).
Muscle strength
Table 3 presents the results of muscle strength. The first
step showed that having GJH (ß = 0.29; p = .02) and
a higher age (ß = 0.26; p = .04) were both associated
with increased knee extensor muscle strength (PT/BW).
The mean difference of the knee extensor muscle strength
for respectively females and males in the GJH group was
45% and 46% higher in the dominant leg and 36% and
28% higher in the non-dominant leg compared to the
females and males in the non-GJH group. In the second
step, the PHODA-youth was introduced. No significant
association between the PHODA-youth score and muscle
strength (PT/BW) were found. After adding the interaction term (PHODA-youth*GJH/non-GJH) in step 3, no
significant association was found. There were no

significant associations regarding the knee flexion muscle
strength (PT/BW). The analyses with the non-dominant
leg were not presented but results were comparable to the
findings as presented of the dominant leg.
Muscle strength endurance
For the flexor and extensor muscle strength endurance
(total work), there were no differences between the
GJH group and the non-GJH group (Table 3). Only
a higher age was associated with a higher knee extensor
(ß = 0.27; p = .04) and flexor (ß = 0.32; p = .02) muscle
strength endurance (total work). Analyses with the
non-dominant leg were not presented but results were
comparable to outcomes of the dominant leg as
presented.
Motor performance
According to motor performance (SLHD), there were
no significant differences between the GJH group and
the non-GJH group (Table 3). Results in the first step
showed that male adolescents had a significantly higher
score on the SLHD (β = 0.45, p < .01). In the second

Table 2. Outcome of the PHODA-youth questionnaire.
PHODA
PHODA
PHODA
PHODA

ADL (range; 0–130)
PA (range; 0–270)
SA (range; 0–110)
total (range; 0–510)

GJH (n = 11)
0.0 (0.0–1.0)
2.5 (1.0–11.5)
0.0 (0.0–2.0)
5.0 (2.0–16.5)

Non-GJH (n = 51)
0.0 (0.0–2.0)
5.5 (1.0–24.0)
1.0 (0.0–7.0)
8.0 (1.0–38.0)

U
U
U
U

=
=
=
=

Test statistics
231, z = −1.02, p
260, z = −0.38, p
187, z = −1.81, p
239, z = −0.78, p

=
=
=
=

.31
.70
.07
.44

Abbreviations; GJH: group with asymptomatic hypermobility; Non-GJH: group without asymptomatic hypermobility; PHODA: ADL = subscore daily life
activities, PA = subscore physical activities, SA = subscore social activities.
All variables were not normally distributed and therefore presented by median (IQR).
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Table 3. Hierarchical regression analyses with muscle strength, muscle strength endurance, motor performance and physical activity
level as dependent variables.
Outcome variables
Muscle Strength
Extension
Model Steps
Step 1
Hypermobility
Age
Gender
Step 2
PHODA-youth
Step 3
PHODA-youth *GJH/non-GJH
Result of the
regression analysis

Muscle Strength endurance

Flexion

Extension

β

p

β

p

0.29
0.26
0.03

0.02
0.04
0.79

0.18
0.08
0.10

0.19
0.54
0.43

−0.11

0.41

−0.15

−0.12

0.60

R2
0.20

β

Flexion

Motor Performance

Physical Activity Level

p

β

p

β

p

β

p

0.20
0.27
0.12

0.13
0.04
0.35

0.09
0.32
0.15

0.48
0.02
0.24

−0.01
0.14
0.45

0.92
0.26
< 0.01

0.21
−0.39
0.16

0.14
0.01
0.25

0.29

−0.03

0.80

−0.02

0.91

−0.33

0.01

−0.23

0.14

−0.06 0.81
R2
0.07

−0.18

0.43

−0.20

0.38

0.21

0.30

0.02

R2
0.16

R2
0.15

R2
0.33

R2
0.22

0.93

Abbreviations; PHODA: Photographs Series of Daily Activities; GJH: group with hypermobility; non-GJH: group without hypermobility.
Muscle strength, muscle strength endurance and motor performance are only presented for the dominant leg.
Values presented are the standardized regression coefficient (β). P-values from the separate variables are from the t-tests in the equation.

step, the PHODA-youth was associated with motor
performance (β = −0.33, p = .01), indicating that higher
perceived harmfulness was associated with a lower
score on the SLHD, but this finding was not different
for those with and without hypermobility. The analysis
with the non-dominant leg was not presented but again
results were comparable with the results of the dominant leg.

PAL
The accelerometer data of 49 adolescents (GJH, n = 8; nonGJH, n = 41) were used for analysis of PAL. Data of thirteen
of the 62 adolescents were excluded from the analysis due to
invalid scores caused by dysfunction of the AX3 (n = 3) or

due to not fulfilling the pre-determined criteria of the
weekly registration for a valid accelerometer registrationperiod (n = 10). During PAL measurements, 15 adolescents
had no school obligations due to holidays. Therefore only
34 (GJH, n = 5; non-GJH, n = 29) participated in school.
Figure 1 presents the overall total activity during uptime
and total activity during uptime per week and weekend day
and school and non-school hours for the GJH and nonGJH group separately. There were no significant differences
between the GJH and the non-GJH group for all PAL
conditions. In addition, daily uptime was not significantly
different between both groups.
In Table 3 the outcome of the regression model with
PAL (total activity during uptime) showed that in the
first step a younger age was associated with an increased

Figure 1. Mean differences in total activity during uptime between the GJH and non-GJH group.
The error bars represent the standard error of the mean; * GJH (n = 8) and non-GJH (n = 41) † GJH (n = 5) and non-GJH (n = 29)
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level of PAL (ß = −0.39; p < .01). There were no significant differences in PAL between the GJH group and
the non-GJH group. The analyses with mean activity
level during 24 hours and peak activity level instead of
total activity during uptime were not presented but
confirmed the findings of total activity during uptime.

Discussion
This study indicates that adolescents with asymptomatic
GJH have no lower physical functioning levels, regarding
muscle strength, motor performance and PAL compared
to non-hypermobile adolescents. Contrary to expectations, adolescents with asymptomatic GJH have increased
muscle strength of the knee extensors of the dominant
and non-dominant leg compared to non-hypermobile
adolescents. In addition, the negative impact of perceived
harmfulness was not more pronounced in adolescents
with asymptomatic GJH.
In contradiction to earlier studies that did find a lower
level of physical functioning in adolescents and young
adults with asymptomatic GJH compared to nonhypermobile controls (Jindal, Narayan, Ganesan, and
MacDermid, 2016; Scheper et al., 2014a, 2014b) our results
showed that adolescents with asymptomatic GJH have no
decreased muscle strength, motor performance and PAL
compared to non-hypermobile adolescents. However, the
findings of the current study were consistent with results of
earlier studies in adolescents and adults with asymptomatic
GJH compared to non-hypermobile controls (Clinch et al.,
2011; Jensen et al., 2013; Junge et al., 2015; Mebes et al.,
2008). In addition, a recent study also showed that no
differences in physical functioning, measured as lower
extremity function and motor performance, occurred
between adolescent athletes with asymptomatic GJH and
non-hypermobile adolescent athletes (Schmidt et al., 2017).
A possible explanation between the different outcomes of
PAL could be that the current study and Clinch et al. (2011)
used accelerometry as objective measurement, whereas
Scheper et al. (2014a) used a subjective measure. So, adolescents with GJH might perceive an altered PAL but
objective measurements did not confirm these beliefs.
Furthermore, our study, Jensen et al. (2013), Junge et al.
(2015), and Mebes et al. (2008) found no differences in
muscle strength of the lower extremity in contrast to Jindal,
Narayan, Ganesan, and MacDermid (2016) and Scheper
et al. (2014a) who also measured upper extremity.
Therefore, it might be recommendable to measure lower
and upper extremity muscle strength in future studies as
well as subjective and objective measurements of PAL. The
results of the current study even showed that muscle
strength of the knee extensors was increased in adolescents
with asymptomatic GJH compared to non-hypermobile

adolescents, which was also found in a study of
Mebes et al. (2008) with a female population (aged 27.2–
28.1 years). Thus, having asymptomatic GJH appeared to
be non-related to a decrease in physical functioning.
However, more research according to the updated cutoff
values of the recent published consensus statement (JuulKristensen et al., 2017; Malfait et al., 2017) is needed to
confirm these findings and whether muscle strength is even
increased in adolescents with asymptomatic GJH.
The objective physical measurements in the current
study showed that, having asymptomatic GJH was not
associated with decreased physical functioning. In patients
with G-HSD/hEDS: decreased muscle strength (Engelbert
et al., 2006; Fatoye et al., 2009); reduced balance (SchubertHjalmarsson, Ohman, Kyllerman, and Beckung, 2012);
decreased PAL; and lower sport participation (Rombaut
et al., 2010; Schubert-Hjalmarsson, Ohman, Kyllerman,
and Beckung, 2012) were found compared to pain-free
non-hypermobile controls. These results seemed to imply
that a lower level of physical functioning in patients with
G-HSD/hEDS could not be explained by GJH alone. This is
also confirmed in a recent longitudinal study in children
with G-HSD/hEDS, in which multi-systemic dysfunction
(e.g. skin, cardiovascular, and gastrointestinal involvement), high levels of pain and fatigue and loss of postural
control were found to be the most important constructs for
functional impairment in terms of performance and capacity (Scheper et al., 2017). However, given that the findings
of the current study are based on a small number of
adolescents with asymptomatic GJH, this interpretation
should be treated with caution.
Results of the current study also showed that perceived
harmfulness was not associated with a decreased muscle
strength nor PAL. However, perceived harmfulness was
associated with a lower score on the motor performance
task. Although hypothesized, this finding was not more
pronounced in adolescents with asymptomatic GJH. One
recent study in adolescents with chronic musculoskeletal
pain found that pain-related fear was associated with
a higher level of disability whereas G-HSD/hEDS was
not associated with a higher level of disability (van
Meulenbroek, Huijnen, Wiertz, and Verbunt, 2017).
Whether pain, anticipation of pain and pain-related fear
might indeed contribute more to impaired physical functioning levels in G-HSD/hEDS, as has been found in other
chronic pain-conditions (Cohen, Vowles, and Eccleston,
2010; Martin, McGrath, Brown, and Katz, 2007), should
be further explored.
Limitations
This study has some limitations. The first limitation is
a relatively large number of analyses performed in the
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current study. Therefore, there is an increased risk of
a Type I error. As mentioned earlier, a second limitation
is the small group of adolescents with asymptomatic
GJH. However, the prevalence of hypermobility in this
study is 18% which is comparable with other studies
performed in a general population, despite the different
cutoff points (Remvig, Jensen, and Ward, 2007; Scheper
et al., 2013b). Further research should be conducted in
a larger population. A third limitation is the absence of
continuous physical activity registration due to contact
sports or swimming. This might result in an underestimation of the participant’s actual activity level. Also the
lower number of PAL measurements during school and
exclusion of 10 adolescents due to not fulfilling the predetermined criteria for a valid measurement might affect
the results. A fourth limitation of this study is the use of
the PHODA-youth. The scores on the PHODA-youth
and all subscales were low compared to the range.
Therefore, it questions the validity of the assessment of
perceived harmfulness in a pain-free situation. The
PHODA-youth has not been validated in healthy painfree adolescents yet. Further research is needed to evaluate the assumption that perceived harmfulness can
indeed be measured with the PHODA-youth in a painfree population. The finding that in adults, fear of injury/
perceived harmfulness, as assessed by the Tampa Scale
for Kinesiophobia, can be used in a pain-free population
may support the assumption (Houben et al., 2005). The
final limitation is the cross-sectional design of the study,
which meant no causal relationships could be confirmed.
Future studies should employ longitudinal designs to
examine associations over time. Evidence has shown
that GJH is a risk factor for developing chronic musculoskeletal pain (Sohrbeck-Nohr et al., 2014; Tobias et al.,
2013) and therefore differences in physical functioning
levels before the onset of chronic musculoskeletal pain
may help to unravel the influence of GJH on physical
functioning levels in adolescents who will or will not
develop chronic musculoskeletal pain.

Clinical implications
This study has clinical implications. A lower level of
physical functioning in adolescents with G-HSD/hEDS
is not solely caused by GJH. It is therefore important
that, in clinical practice, treatment of adolescents with
G-HSD/hEDS should also focus on other contributing
factors such as pain, fatigue, multi-systemic dysfunction, loss of postural control and pain-related fear
(Leeuw et al., 2007; Scheper et al., 2017; Vlaeyen and
Linton, 2000).
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Conclusion
Adolescents with asymptomatic GJH had no lower level
of physical functioning (normal muscle strength, motor
performance and PAL) compared to non-hypermobile
controls. Contrary to expectations, knee extensor muscle strength was even significantly increased in adolescents with asymptomatic GJH. The negative impact of
perceived harmfulness was not more pronounced in
adolescents with asymptomatic GJH.

Acknowledgments
The authors would like to thank the participating adolescents,
Richard Geers, Ing. for processing the raw data of the accelerometer data and Tom Hameleers for his assistance on
recruiting and measuring the adolescents.

Declaration of Interest
The authors report no conflicts of interest.

Funding
This work was supported by the Adelante;Fonds Nuts Ohra;
Stichting Vooruit.

ORCID
Jeanine Verbunt

http://orcid.org/0000-0002-9060-9455

References
Beighton P, Grahame R, Bird H 2012 Musculoskeletal features of hypermobility and their management. In:
Beighton P, Grahame R, Bird H (Eds) Hypermobility of
Joints (4th ed), p. 65–99. London: Springer.
Castori M, Tinkle B, Levy H, Grahame R, Malfait F, Hakim A
2017 A framework for the classification of joint hypermobility and related conditions. American Journal Of Medical
Genetics Part C 175: 148–157.
Clinch J, Deere K, Sayers A, Palmer S, Riddoch C, Tobias JH,
Clark EM 2011 Epidemiology of generalized joint laxity
(hypermobility) in fourteen-year-old children from the UK:
A population-based evaluation. Arthritis and Rheumatology
63: 2819–2827.
Cohen LL, Vowles KE, Eccleston C 2010 The impact of
adolescent chronic pain on functioning: Disentangling
the complex role of anxiety. Journal of Pain 11: 1039–1046.
Drouin JM, Valovich-McLeod TC, Shultz SJ, Gansneder BM,
Perrin DH 2004 Reliability and validity of the Biodex system
3 pro isokinetic dynamometer velocity, torque and position
measurements. European Journal of Applied Physiology 91:
22–29.
Engelbert RH, van Bergen M, Henneken T, Helders PJ,
Takken T 2006 Exercise tolerance in children and

1446

T. VAN MEULENBROEK ET AL.

adolescents with musculoskeletal pain in joint hypermobility and joint hypomobility syndrome. Pediatrics 118:
690–696.
Fatoye F, Palmer S, Macmillan F, Rowe P, van der Linden M
2009 Proprioception and muscle torque deficits in children
with hypermobility syndrome. Rheumatology 48: 152–157.
Fatoye F, Palmer S, Macmillan F, Rowe P, van der Linden M
2012 Pain intensity and quality of life perception in children with hypermobility syndrome. Rheumatology
International 32: 1277–1284.
Gustavsson A, Neeter C, Thomee P, Silbernagel KG,
Augustsson J, Thomee R, Karlsson J 2006 A test battery
for evaluating hop performance in patients with an ACL
injury and patients who have undergone ACL
reconstruction. Knee Surgery, Sports Traumatology,
Arthroscopy 14: 778–788.
Houben RM, Leeuw M, Vlaeyen JW, Goubert L, Picavet HS
2005 Fear of movement/injury in the general population:
Factor structure and psychometric properties of an
adapted version of the Tampa Scale for Kinesiophobia.
Journal of Behavioral Medicine 28: 415–424.
Huijnen IP, Verbunt JA, Peters ML, Delespaul P,
Kindermans HP, Roelofs J, Goossens M, Seelen HA 2010
Do depression and pain intensity interfere with physical
activity in daily life in patients with chronic low back
pain?. Pain 150: 161–166.
Jensen BR, Olesen AT, Pedersen MT, Kristensen JH,
Remvig L, Simonsen EB, Juul-Kristensen B 2013 Effect of
generalized joint hypermobility on knee function and muscle activation in children and adults. Muscle and Nerve 48:
762–769.
Jindal P, Narayan A, Ganesan S, MacDermid JC 2016 Muscle
strength differences in healthy young adults with and without generalized joint hypermobility: A cross-sectional
study. BMC Sports Science, Medicine and Rehabilitation
8: 12.
Junge T, Wedderkopp N, Thorlund JB, Sogaard K, JuulKristensen B 2015 Altered knee joint neuromuscular control during landing from a jump in 10-15 year old children
with Generalised Joint Hypermobility. A substudy of the
CHAMPS-study Denmark. Journal of Electromyography
and Kinesiology 25: 501–507.
Juul-Kristensen B, Schmedling K, Rombaut L, Lund H,
Engelbert RH 2017 Measurement properties of clinical
assessment methods for classifying generalized joint
hypermobility-A systematic review. American Journal of
Medical Genetics Part C 175: 116–147.
Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K,
Vlaeyen JW 2007 The fear-avoidance model of musculoskeletal pain: Current state of scientific evidence. Journal of
Behavioral Medicine 30: 77–94.
Malfait F, Francomano C, Byers P, Belmont J, Berglund B,
Black J, Bloom L, Bowen JM, Brady AF, Burrows NP, et al.
2017 The 2017 international classification of the
Ehlers-Danlos syndromes. American Journal of Medical
Genetics Part C 175: 8–26.
Martin AL, McGrath PA, Brown SC, Katz J 2007 Anxiety
sensitivity, fear of pain and pain-related disability in children and adolescents with chronic pain. Pain Research and
Management 12: 267–272.
Mebes C, Amstutz A, Luder G, Ziswiler HR, Stettler M,
Villiger PM, Radlinger L 2008 Isometric rate of force

development, maximum voluntary contraction, and balance in women with and without joint hypermobility.
Arthritis and Rheumatism 59: 1665–1669.
Murray KJ 2006 Hypermobility disorders in children and
adolescents. Best Practice and Research Clinical
Rheumatology 20: 329–351.
Myers R 1990 Classical and Modern Regression with
Applications. Belmont: Duxbury Press.
Ottevaere C, Huybrechts I, De Meester F, De
Bourdeaudhuij I, Cuenca-Garcia M, De Henauw S 2011
The use of accelerometry in adolescents and its implementation with non-wear time activity diaries in free-living
conditions. Journal of Sports Sciences 29: 103–113.
Remvig L, Jensen DV, Ward RC 2007 Epidemiology of general joint hypermobility and basis for the proposed criteria
for benign joint hypermobility syndrome: Review of the
literature. Journal of Rheumatology 34: 804–809.
Rombaut L, Malfait F, Cools A, De Paepe A, Calders P 2010
Musculoskeletal complaints, physical activity and
health-related quality of life among patients with the
Ehlers-Danlos syndrome hypermobility type. Disability
and Rehabilitation 32: 1339–1345.
Rombaut L, Malfait F, De Wandele I, Taes Y, Thijs Y, De
Paepe A, Calders P 2012 Muscle mass, muscle strength,
functional performance, and physical impairment in
women with the hypermobility type of Ehlers-Danlos
syndrome. Arthritis Care and Research 64: 1584–1592.
Ross MD, Langford B, Whelan PJ 2002 Test-retest reliability
of 4 single-leg horizontal hop tests. Journal of Strength and
Conditioning Research 16: 617–622.
Sahin N, Baskent A, Cakmak A, Salli A, Ugurlu H, Berker E
2008 Evaluation of knee proprioception and effects of
proprioception exercise in patients with benign joint
hypermobility syndrome. Rheumatology International 28:
995–1000.
Scheper M, de Vries J, Beelen A, de Vos R, Nollet F,
Engelbert R 2014a Generalized joint hypermobility, muscle
strength and physical function in healthy adolescents and
young adults. Current Rheumatology Reviews 10: 117–125.
Scheper MC, de Vries JE, de Vos R, Verbunt J, Nollet F,
Engelbert RH 2013a Generalized joint hypermobility in
professional dancers: A sign of talent or vulnerability?
Rheumatology 52: 651–658.
Scheper MC, de Vries JE, Juul-Kristensen B, Nollet F,
Engelbert RH 2014b The functional consequences of generalized joint hypermobility: A cross-sectional study. BMC
Musculoskeletal Disorders 15: 243.
Scheper MC, Engelbert RH, Rameckers EA, Verbunt J,
Remvig L, Juul-Kristensen B 2013b Children with generalised joint hypermobility and musculoskeletal complaints: State of the art on diagnostics, clinical
characteristics, and treatment. BioMed Research
International 2013: 121054.
Scheper MC, Nicholson LL, Adams RD, Tofts L, Pacey V
2017 The natural history of children with joint hypermobility syndrome and Ehlers-Danlos hypermobility type:
A longitudinal cohort study. Rheumatology 56: 2073–2083.
Schmidt H, Pedersen TL, Junge T, Engelbert R, JuulKristensen B 2017 Hypermobility in adolescent athletes:
Pain, functional ability, quality of life, and musculoskeletal
injuries. Journal of Orthopaedic and Sports Physical
Therapy 47: 792–800.

PHYSIOTHERAPY THEORY AND PRACTICE

Schubert-Hjalmarsson E, Ohman A, Kyllerman M,
Beckung E 2012 Pain, balance, activity, and participation
in children with hypermobility syndrome. Pediatric
Physical Therapy 24: 339–344.
Simons LE, Kaczynski KJ 2012 The Fear Avoidance model of
chronic pain: Examination for pediatric application.
Journal of Pain 13: 827–835.
Smits-Engelsman B, Klerks M, Kirby A 2011 Beighton score:
A valid measure for generalized hypermobility in children.
Journal of Pediatrics 158: 119–123.
Sohrbeck-Nohr O, Kristensen JH, Boyle E, Remvig L, JuulKristensen B 2014 Generalized joint hypermobility in childhood is a possible risk for the development of joint pain in
adolescence: A cohort study. BMC Pediatrics 14: 302.
Stinson JN, Kavanagh T, Yamada J, Gill N, Stevens B 2006
Systematic review of the psychometric properties, interpretability and feasibility of self-report pain intensity measures for
use in clinical trials in children and adolescents. Pain 125:
143–157.
Tobias JH, Deere K, Palmer S, Clark EM, Clinch J 2013 Joint
hypermobility is a risk factor for musculoskeletal pain
during adolescence: Findings of a prospective cohort
study. Arthritis and Rheumatology 65: 1107–1115.
Trost SG, McIver KL, Pate RR 2005 Conducting
accelerometer-based activity assessments in field-based
research. Medicine and Science in Sports and Exercise 37:
531–543.

1447

van Meulenbroek T, Huijnen IPJ, Wiertz CMH, Verbunt JA
2017 Pain-related fear and its disabling impact in hypermobile adolescents with chronic musculoskeletal pain.
Journal of Orthopaedic and Sports Physical Therapy 47:
775–781.
Verbunt JA, Huijnen IP, Seelen HA 2012 Assessment of
physical activity by movement registration systems in
chronic pain: Methodological considerations. Clinical
Journal of Pain 28: 496–504.
Verbunt JA, Nijhuis A, Vikstrom M, Stevens A, Haga N,
de Jong J, Goossens M 2015 The psychometric characteristics of an assessment instrument for perceived
harmfulness in adolescents with musculoskeletal pain
(PHODA-youth). European Journal of Pain 19:
695–705.
Vlaeyen JW, Linton SJ 2000 Fear-avoidance and its consequences in chronic musculoskeletal pain: A state of the art.
Pain 85: 317–332.
Voermans NC, Knoop H, van de Kamp N, Hamel BC,
Bleijenberg G, van Engelen BG 2010 Fatigue is a frequent
and clinically relevant problem in Ehlers-Danlos
Syndrome. Seminars in Arthritis and Rheumatism 40:
267–274.
Wilson AC, Palermo TM 2012 Physical activity and function in adolescents with chronic pain: A controlled
study using actigraphy. Journal of Pain 13:
121–130.

