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General introduction

General introduction

Pain is one of the most common human experiences and the ability of feeling pain is vital
to protect the human body for injury, harm or tissue damage.1 Pain serves as an
adaptive function in the acute phase, since it enhances the body to promote healing
with a defensive response to minimize contact with damaging stimuli or by creating a
situation that discourages physical contact and movement.” The definition of pain
according to the International Association for the Study of Pain (IASP) is “an unpleasant
sensory and emotional experience associated with, or resembling that associated with,
actual or potential tissue damage”.3 However, when pain persists after the normal
healing time and has no acute warning function of physiological nociception, it is defined
as chronic pain.” According to the International Classification of Diseases (ICD-11)
chronic pain may be divided into primary, a health condition in its own right, vs
secondary, in which pain may be considered a symptom of some other underlying
disease.” Chronic primary pain is defined as pain that persists or reoccurs for more than
3 months and characterized by disability and emotional distress.’® People from all ages,
from babies to elderly, may experience chronic pain. Globally, it has been estimated that
20% of the adults suffer from chronic pain and that another 10% is annually diagnosed
with chronic pain.7’8 In recent years, chronic pain in children and adolescents has gained
attention. In this group, pain is also a serious health condition with a potential large
impact on daily functioning, development, and participation in society. However, the
children and adolescent population has important different characteristics as compared
to the adult population, such as growing and developing body and mind with different
stages (e.g. puberty) and the influence of parental and family factors during the varying
developmental phases (infancy, toddler, childhood, adolescence, and young adults).9
Based on that, adolescents with chronic pain have important characteristics that
highlight the need for specialised care.’® Therefore, this dissertation focusses on the
adolescent population with an age range of 12-21 years.11 Based on location chronic
pain can be divided in subgroups. Along with abdominal pain and headache, chronic
musculoskeletal pain (CMP) is one of the most frequently reported pain complaints in

12,13
adolescents.

CMP is defined as persistent or recurrent pain directly affecting bones,
joints, muscles or related soft tissue.” Although a specific somatic cause of CMP could be
identified, most CMP is defined as non—speciﬁc,14 Because in these cases, mostly no
solution is available to cure CMP, a biopsychosocial approach in the management of
CMP is recommended. In this approach, the complex relation between the pain
experience and its impact on daily life and participation in society is unravelled and
focusses on the complex interaction between physiological, psychological, and social

factors that influence CMP and accompanying disability."**®
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Chapter 1

Two important factors which might contribute to understand the complexity and explain
the disabling impact of CMP are the presence of pain-related fear and generalized joint
hypermobility (GJH). In paediatric chronic pain patients, pain-related fear has shown to

¥ and physical activity limitations.” Two

be a predictor of pain-related disability“’
longitudinal cohort studies showed that during adolescence, GJH represents a risk factor
202115 addition, the prevalence of GJH in children with CMP

is striking (40-48%).°>*> The aim of this dissertation is to further unravel the role of pain-

for the development of CMP.

related fear and GJH on physical functioning in adolescents with CMP. Physical
functioning is part of the multi-dimensional concept functional status, defined as a
patient-oriented health outcome which contains aspects of daily functioning, including
physical, psychological, and social factors.”* Better understanding might lead to better
tailored and personalised interventions.

Epidemiology and impact of CMP in childhood and adolescence

In paediatric CMP prevalence rates ranged from 4-40% in children and adolescents and
the prevalence increased with age, with a peak in CMP at age of 16 years. Furthermore,
CMP is more common in girls, than in boys.25 Longitudinal studies showed that CMP is
not self-limiting; persistence rates of pain complaints between 30% and 64% have been

12,26 oy
In addition,

reported in schoolchildren aged 10-12 years after 4 years follow-up.
another study even showed a persistence rate of pain of 20% after 13 years from young
schoolchildren into early adulthood.” Furthermore, in approximately 40% of children

and adolescents with CMP, pain has a disabling impact.”®*

° CMP has a negative impact
on physical and psychological functioning, interferes with school attendance,
performance in social activities, and family engagement, reducing the child’s and

15,29-31

adolescent’s quality of life. In addition, in children with CMP increased rates of use

of health care services, such as seeking for medical attention, referral for diagnostics,

>3 Furthermore, studies estimated direct costs in health

and treatments are reported.
care expenditure as well as indirect costs such as productivity loss of parents due to
work absence of £8000 in the UK (€8880 when converted to 2020 EUR) and $11.787 in
the US (€9901 when converted to 2020 EUR) per adolescent per year. Based on that the
economic burden of CMP in adolescents on society has been estimated to be

. 34,35
substantial.

Generalized joint hypermobility

Generalized joint hypermobility (GJH) is defined as an increased range of motion in most
of the joints.36 The prevalence of GJH in children and adolescents varies from 2-55%,

depending on ethnicity, gender, age, and the tests and criteria applied.37‘38 The Beighton
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General introduction

score (BS) (Figure 1.1) is widely used in clinical practice and is considered to be the
golden standard for assessing the presence of GJH.* Although the BS is a reliable

assessment, the validity for identifying GJH is questionable.w’41

Throughout the years
different cut-off points have been used for the BS. Especially in children and adolescents
there was no consensus.* However, in 2017 a consensus statement was published with
unified criteria for the use of BS and recommended in adults a cut-off point of 5 out of 9,

while in children and adolescents the cut-off point is 6 out of 9.

Figure 1.1  The functional tests of the Beighton score. Adapted from Folci and Capsoni, 2016", with
permission.

Earlier studies indicated that adolescents with GJH had decreased daily physical
activities™ and lower muscle strength.**® In addition, adolescents and young adults with
GJH participated less during sports and outdoor activities, but spent more time on
walking and cycling during leisure time.* However, other studies could not confirm the
reduced muscle strength47 and altered physical activity level”® in adolescents with GJH
compared to non-hypermobile controls. Thus, it remains unclear what the consequences
are of having GJH on physical functioning and societal participation. These contradicting
results are in line with the wide variety of presentation in daily life functioning of
individuals with GJH. For many individuals with GJH, flexible joints deliver beneficial
effects in the performance of sport activities, such as dancing or gymnastics.”’ Also
performing artists like musicians, who require especially joint flexibility in their hands to
maximize the control of their instruments, have advantage of GIH.*® However, for
others, GJH can be disabling since it is related to various symptoms such as CMP.

13



Chapter 1

Symptomatic generalized joint hypermobility

In 2017 a consensus statement with new nosology according to unified criteria is
published and GJH related to symptoms such as CMP, joint instability, disturbed
proprioception, and soft tissue injuries is now referred to as generalized hypermobility
spectrum disorder (G-HSD)", the former joint hypermobility syndrome.>® In addition,
GJH is also frequently observed in conditions belonging to the group of hereditary
diseases of the connective tissue (HDCT), such as Ehlers-Danlos syndrome, osteogenesis
imperfecta, and Marfan syndrome.>® These rare serious connective tissues diseases have
specific genetic profiles and clinical characteristics. However, within the Ehlers-Danlos
syndrome spectrum there is a hypermobility subtype; characterised by GJH and CMP, in
combination with a positive family history, and systematic manifestations of a more
generalized connective tissue disorder, such as skin laxity. However, this subtype is also
lacking a specific genetic profile and is known as hypermobile Ehlers-Danlos syndrome
(hEDS) according to the new nosology™, the former hypermobility type of Ehlers-Danlos
syndrome/Ehlers-Danlos syndrome type III.>°> Thus, G-HSD and hEDS are both
symptomatic GJH-related disorders lacking a specific genetic profile with an overlap in
the clinical presentation and in this dissertation they are referred to as G-HSD/hEDS
(Figure 1.2). In addition, many studies referred to in this dissertation are conducted
before the new diagnostic criteria and used the old nomenclature. Therefore, it should
be noted that the consequences of these new criteria for patient demographics and
disease characteristics are unknown yet. However, we still decided to refer to
G-HSD/hEDS in our studies who were conducted after the published consensus
statement.

G-HSD/hEDS  Lacking genetic profile

Connective tissue disorders

- Marfan syndrome Rare disease

- Osteogenesis imperfecta Specific genetic profile
- Ehlers-Danlos syndrome

Figure 1.2 The hypermobility spectrum. Adapted from Scheper, 2019°°, with permission.
Abbreviations: GJH = generalized joint hypermobility; G-HSD = generalized hypermobility
spectrum disorder; hEDS = hypermobile Ehlers-Danlos syndrome.
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General introduction

Common physical symptoms in children and adolescents with G-HSD/hEDS are muscle
57 . 58,59 . . . . 57
weakness’’, decreased exercise tolerance® ", impaired proprioception’, and reduced

balance® compared to pain-free children and adolescents. In addition, children and
39,60

’

adolescents with G-HSD/hEDS reported decreased levels of participation in activities
difficulties in gross motor skills®, and impaired gait.61 Furthermore, multi-systemic

complaints  (including incontinence, constipation, autonomic and cardiac

)62’63, sleep disturbance64, and fatigue65 are prevalent. Recently, the presence

66,67

dysfunction
of generalized hyperalgesia is reported in individuals with G-HSD/hEDS suggesting
hypersensitivity of the central nervous system. In addition, psychological involvement of
pain-related fear68’69, more generalized anxietym’n, and increased incidence of
psychiatric conditions, such as panic disorders and depression72 are also present in
individuals with G-HSD/hEDS. Thus, children and adolescents with G-HSD/hEDS may have
a large variability of complaints and severity leading to disabilities in daily living, physical,

psychological, and social functioning.

Treatment of adolescent with CMP and GJH

The current evidence-base treatment and management of children and adolescents with
G-HSD/hEDS is limited in size and quality.73’74 Several studies showed that
monodisciplinary physical therapy leads to significant improvements in disability and
pain intensity.”””” In addition, a physiotherapist-prescribed exercise programme for
children with G-HSD/hEDS and hypermobile knees led to improvements in knee muscle
strength, pain reduction, and increased self-esteem.”® Other studies evaluating
multidisciplinary treatments combining physical and cognitive rehabilitation found
improvements in disability, muscle strength, and psychological factors, such as

79,80 i .
In addition, a randomised controlled

kinesiophobia and catastrophizing thoughts.
trial compared multidisciplinary treatment (physiotherapy and occupational therapy)
with standard care. However, no additional significant benefit was seen from the
intervention compared to the standard care. Both groups showed improvements in pain
intensity by the child, parents’ proxy reports of pain intensity, coordination, and grip
strength.81

However, in most of the interventions, there are several different treatments with a
wide variety of elements lacking a specific theoretical concept. Furthermore, many
studies focused on a single area of the body instead of ‘whole body’ management and
had no long-term follow-up.”* Since pain-related fear serves as a risk factor for the
persistence of chronic disabling paingz, specific treatment targeting disabling
psychological factors such as pain-related fear or anxiety should be conducted and may

improve the long-term effectiveness.
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Chapter 1

Role of pain-related fear

Pain-related fear is common in adolescents with CMP.*"*8

In adults with CMP, the fear-
avoidance model (FAM) (Figure 1.3), explains the disabling role of pain-related fear.® As
a result of the growing evidence on the role of pain-related fear in youth, this framework

has also been applied to paediatric chronic pain.m’85

Exposure in vivo is a cognitive-
behavioural treatment that targets to restore the normal pattern of daily functioning by
reducing pain-related fear and catastrophic thinking, through exposing the individual to
fear-provoking daily life activities and movements.®® Several studies showed that
exposure in vivo was effective in reducing disability and pain-related fear in different
adult and adolescent chronic pain populations.%89
It is now hypothesized that the FAM could also be applied to adolescents with G-
HSD/hEDS and exposure in vivo might be a possible treatment specifically targeting pain
and disability-related problems for this group. It is hypothesized that pain-related fear
and GJH, two frequently encountered phenomena in adolescents with CMP, are
important factors and can even strengthen each other in the development and

maintenance of CMP leading to disabling pain and diminished daily functioning.

Injury
Disuse
Depression Recovery
/ Disability
Avoidance - > Pain experience
Hypervigilance Confrontation

Y,

Pain No fear

Pain-related fear .
catastrophizing

Figure 1.3 The fear-avoidance model according to Vlaeyen and Linton, 2000.%
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Aims and outlines of this dissertation

The objective of this dissertation is to evaluate the specific influence of both pain-related
fear and GJH on physical functioning in adolescents with CMP. Knowledge of this
potential negative impact of CMP and pain-related fear enables to further unravel the
mechanism of disabling G-HSD/hEDS and might lead to better tailored interventions in
adolescents with GHSD/hEDS.

After the introduction in chapter 1, in chapter 2, a topical review is presented in which
the current state of evidence is summarized and presented using the individual
components of the fear-avoidance model as a framework. Based on that, an applied
fear-avoidance model for disability in G-HSD/hEDS, is proposed as possible underlying
mechanism in the relations between GJH, pain-related fear, and disability. Chapter 3
describes a cross-sectional study to evaluate whether pain-related fear has a negative
influence on disability in hypermobile compared to non-hypermobile adolescents with
CMP. Chapters 4 and 5 are focussing on the impact of GJH and pain-related fear on
physical functioning. In chapter 4, the influence of GJH and pain-related fear on physical
functioning (muscle strength, motor performance, and physical activity level [PAL]) is
investigated in pain-free adolescents. Chapter 5, a case-control study, explores the
influence of GJH and CMP on physical functioning (muscle strength, motor performance,
and PAL) in adolescents. Furthermore, the specific role of pain-related fear on physical
functioning is evaluated. Chapter 6 describes an outcome study with a pre-post-test
design of a multidisciplinary rehabilitation treatment consisted of a combination of
physical training and exposure in vivo in hypermobile adolescents with CMP. In the final
chapter 7, a general discussion reflects on the findings of the different chapters,
conclusions are formulated, and recommendations for further research are proposed.
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Chapter 2

Abstract

Objectives

A significant proportion of adolescents with chronic musculoskeletal pain (CMP)
experience difficulties in physical functioning, mood, and social functioning, contributing
to diminished quality of life. Generalized joint hypermobility (GJH) is a risk factor for
developing CMP with a striking 35-48% of patients with CMP reporting GJH. In case GJH
occurs with one or more musculoskeletal manifestations such as chronic pain, trauma,
disturbed proprioception, and joint instability, it is referred to as generalized
hypermobility spectrum disorder (G-HSD). Similar characteristics have been reported in
children and adolescents with the hypermobile Ehlers-Danlos syndrome (hEDS). In the
management of CMP, a biopsychosocial approach is recommended as several studies
have confirmed the impact of psychosocial factors in the development and maintenance
of CMP. The fear-avoidance model (FAM) is a cognitive-behavioural framework that
describes the role of pain-related fear as a determinant of CMP-related disability.

Content

Pubmed was used to identify existing relevant literature focusing on chronic
musculoskeletal pain, generalized joint hypermobility, pain-related fear, and disability.
Relevant articles were cross-referenced to identify articles possibly missed during the
primary screening. In this paper the current state of scientific evidence is presented for
each individual component of the FAM in hypermobile adolescents with and without
CMP. Based on this overview, the FAM is proposed explaining a possible underlying
mechanism in the relations between GJH, pain-related fear, and disability.

Summary and outlook

It is assumed that GJH seems to make you more vulnerable for injury and experiencing
more frequent musculoskeletal pain. But in addition, a vulnerability for heightened pain-
related fear is proposed as an underlying mechanism explaining the relationship
between GJH and disability. Further scientific confirmation of this applied FAM is
warranted to further unravel the underlying mechanism.

In explaining disability in individuals with G-HSD/hEDS, it is important to focus on both
the physical components related to joint hypermobility, in tandem with the
psychological components such as pain-related fear, catastrophizing thoughts, and
generalized anxiety.
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Introduction

In the Netherlands, 25% of schoolchildren and adolescents have chronic pain.l
Internationally, prevalence rates for chronic musculoskeletal pain (CMP) in
schoolchildren and adolescents vary between 4 and 40%.> CMP refers to pain lasting
longer than 3 months and it is localized in muscular, ligamentous, and bony structures.’
In approximately 40% of adolescents with CMP, pain has a disabling impact on physical
functioning, mood, and social functioning, with concomitant reductions in quality of
life.>*

Generalized joint hypermobility (GJH) is a non-symptomatic condition characterized by
increased range of motion in multiple joints. The prevalence of GJH in the general Dutch
child population (10-16 years) is 25% (cut-off Beighton score >4)°, whereas 35% of Dutch
adolescents (12-21 years) with disabling CMP have GJH (cut-off Beighton score >5).° GJH
associated with soft tissue injury, joint instability, and CMP was referred to as joint
hypermobility syndrome (JHS).” However, a lack of clarity existed on the exact labelling
of hypermobility and pain, as JHS showed overlap with the hypermobility type of Ehlers-
Danlos syndrome (EDS-HT).® Therefore, a recently consensus statement has been
published with a unified set of criteria. JHS is now referred to as generalized
hypermobility spectrum disorder (G-HSD)® and EDS-HT is now referred to as hypermobile
EDS (hEDS)™ (Figure 2.1). Both conditions have no specific genetic profile and in the
present article it is referred to as G-HSD/hEDS. Although the increased prevalence of GJH
in disabled adolescents with CMP is striking, the underlying mechanism explaining the
relation between G-HSD/hEDS and pain-related disability is currently still unclear.

In adults, pain-related fear plays a disabling role in the development and maintenance of
CMP." The fear-avoidance model (FAM) is a biopsychosocial model (Figure 2.2), which
explains this disabling role of pain-related fear."” It states that pain experience can be
interpreted in two different ways, often in response to an injury; although, it can also
begin spontaneously. First, pain can be experienced as non-threatening and pain is
considered as part of a life experience. As a consequence, a person will confront and
accept pain and perform activities as usual thus maintaining his/her habitual activity
pattern. Secondly, pain can be interpreted as threatening based on catastrophic
thoughts causing pain-related fear, which in turn leads to avoidance behaviour and
hypervigilance. Long-term avoidance may lead to disuse, depression, and disability, and
these long-term consequences may decrease the pain threshold at which ensuing pain
will be experiencedll, thus causing a vicious circle.? Recently, this framework has been
applied to paediatric chronic pain13’14 and extended to incorporate parents fear and

16,17

behaviours." Pain-related fear is also present in individuals with G-HSD/hEDS. It can

be hypothesized that GJH and pain-related fear, two frequently encountered

25



Chapter 2

phenomena in adolescents with CMP, are important factors in the development and
maintenance of CMP leading to disabling pain.

HDCT (MS, Ol, EDS)

1

a|joid 2ausE o)y padg

a|ljo4d opjauad oy pads oN

GJH-related disorders
with CMP

Figure 2.1 Different types of symptomatic GJH-related disorders.
Abbreviations: HDCT = hereditary diseases of the connective tissue; MS = Marfan syndrome; Ol =
osteogenesis imperfecta; EDS = Ehlers-Danlos syndrome; G-HSD = generalized hypermobility
spectrum disorder; hEDS = hypermobile Ehlers-Danlos syndrome; GJH-related = generalized joint
hypermobility-related; CMP = chronic musculoskeletal pain.

Aim

The aim of this topical review is to integrate knowledge from different research fields of
expertise in CMP, hypermobility-related disorders, and rehabilitation medicine. The
current state of evidence on physical and psychological functioning in G-HSD/hEDS is
summarized and presented using the individual components of the FAM as a framework.
Based on this, a vulnerability for heightened pain-related fear and generalized anxiety
among individuals with G-HSD/hEDS as a potential underlying mechanism explaining the
relation between GJH and disability is discussed and a FAM applied to G-HSD/hEDS in
adolescents is proposed.
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Injury

Disuse

Depression Recovery
/ Disability
Avoidance -_ > Pain experience
Hypervigilance Confrontation

\ /

/

Pain No fear

Pain-related fear L
catastrophizing

Figure 2.2 The fear-avoidance model according to Vlaeyen and Linton, 2000."

Methods

Pubmed (https://www.ncib.nlm.nih.gov/pubmed/) was used to identify existing
literature on the different topics “generalized joint hypermobility, hypermobile Ehlers-
Danlos syndrome, generalized hypermobility spectrum disorder, joint hypermobility
syndrome, and chronic musculoskeletal pain, fatigue, proprioception, balance, muscle
strength, disability, psychological functioning, depression, anxiety, pain-related fear,
activity limitations, physical activity”. Relevant publications (original articles, case
reports, editorial letters, reviews, and meta-analyses) published in English were included
if existing evidence were related to the individuals components of the FAM. In addition,
references of the included articles were cross-referenced to identify more articles of
interest. There were no restraints for the year of publication.

Results

Evidence for the fear-avoidance model components related to G-HSD/hEDS

In the next paragraphs, the current scientific evidence for the different components of
the FAM (Figure 2.2) to explain functioning among adolescents with G-HSD/hEDS will be
discussed.
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Injury

Individuals with G-HSD/hEDS have higher incidence of injuries, such as sprain, tendon

18-20 .
In addition,

injuries or dislocation, compared to non-hypermobile pain-free peers.
micro-traumas (due to joint instability or connective tissue fragility) might occur as a
result of repetitive injuries on joint surfaces, which may lead to adaptations and
compensation of movement patterns, resulting in overload in other areas of the
musculoskeletal system.21 Recovery from injury seems more prolonged in individuals
with G-HSD/hEDS compared to non-hypermobile pain-free peers. In a 5-year follow up
study in ballet dancers G-HSD/hEDS was associated with a significant greater risk of a
prolonged recovery period after injury compared to ballet dancers without G-
HSD/hEDS.”® Furthermore, individuals with asymptomatic GJH have an increased risk of
knee injury during contact sports, such as soccer or basketball.”> In conclusion,
individuals with asymptomatic GJH and G-HSD/hEDS as compared to others have an
increased risk of injury. Furthermore, individuals with G-HSD/hEDS have delayed
recovery after injury compared to non-hypermobile pain-free peers.

Pain experience

In G-HSD/hEDS joint pain is one of the most common complaintszg”24 and recurrent
musculoskeletal pain is an essential part of the classification of G-HSD/hEDS.>™ The

25,26 .
Pain

most commonly reported pain areas are the neck, shoulders, knees, and ankles.
severity is one of two important potential determinants of disability.27 Studies also
showed that exercise-induced muscle pain is a distinctive symptom in individuals with G-
HSD/hEDS, mostly in the knee and the shoulder.

generalized hyperalgesia has been documented in individuals with G-HSD/hEDS

Recently, the presence of

compared to healthy controls.”>*® This could suggest that pain experience is a result of
abnormal central processing of the nociceptive input, possibly associated with
descending modulatory system dysfunction and peripheral involvement such as a
reduction in the pain threshold. As a result, pain could occur even in response to non-
painful stimuli.”* Two longitudinal cohort studies showed that during adolescence, GJH
represents a risk factor for the development of musculoskeletal pain. Tobias et al.”
found that GJH had a 2-fold increased risk factor of musculoskeletal pain in shoulder,
knee or ankle/foot. In addition, Sohrbeck-Nohr et al.*® found that GJH had a 3 times
higher risk of developing joint pain in adolescence. These findings are consistent with
those in previous studies showing that GJH was a predictor of pain recurrence and pain
persistence in adolescence.***

In summary, individuals with G-HSD/hEDS experience more frequent pain and
generalized hyperalgesia might contribute to the heightened occurrence of pain.
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Furthermore, GJH represents a risk factor for the development of persistent
musculoskeletal pain.

Pain catastrophizing

Pain catastrophizing is defined as an exaggerated negative interpretation of actual and

.. . . 36,37
anticipated pain experience.

For example, individuals with high levels of
catastrophizing are convinced that pain is threatening, which means that their body is
vulnerable and needs careful protection to prevent further harm. In a recent cross-
sectional study in adults with hEDS half of patients reported high levels of pain
catastrophizing (Pain Catastrophizing Scale [PCS] >30)."® In addition, a study of Rahman
et al*® performed in adults with G-HSD showed high levels of pain catastrophizing
(average PCS score of 27.9; scale 0-42). Thus, maladaptive cognitions about pain are
present in adults with G-HSD/hEDS. No study in adolescents with G-HSD/hEDS are

present in the literature yet.

Pain-related fear

Pain-related fear is defined as fear that emerges when stimuli that are related to pain
are perceived as a main threat, such as fear of movement, fear of (re)injury or fear of
pain."" In a general population of individuals with G-HSD/hEDS aged 15-61 years, pain-
related fear is a common characteristic."®’ In previous cross-sectional studies an
overwhelming majority of individuals with G-HSD/hEDS met the cut-off point for
heightened fear of movement (75%16 and 93%17; Tampa Scale for Kinesiophobia [TSK]
score >37). It has also been shown that fear of injury is a barrier to exercise in patients
with G-HSD/hEDS.*® This finding was confirmed by the results of a qualitative semi-
structured interview study™, in which women with G-HSD reported that fear of pain or
(re)injury reduced or altered particular activities. In a recent cross-sectional study 61% of
adolescents with CMP had clinically elevated levels of pain-related fear, assessed with
the Fear of Pain Questionnaire-Child report (FOPQ-C >50).6 However, there were no
significant differences on levels of pain-related fear between hypermobile and non-
hypermobile adolescents with CMP.® Recent published data in adolescents with
asymptomatic GJH showed that the negative impact of pain-related fear, measured as
perceived harmfulness, was not more pronounced in asymptomatic GJH compared to
non-hypermobile pain-free peers.41 In summary, pain-related fear is a common symptom
in G-HSD/hEDS, but was not higher in adolescents with asymptomatic GJH compared to
non-hypermobile pain-free peers.
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Hypervigilance

Hypervigilance is increased attention toward the source of the threat, such as pain or
somatic sensations."" To the best of our knowledge, no studies have investigated the
relationship between hypervigilance and G-HSD/hEDS in adolescents and adults. The
pain vigilance and awareness questionnaire (PVAC) was developed as a broad measure
of attention to pain and could be used in further research in adolescents with
G-HSD/hEDS.”

Avoidance behaviour

Avoidance behaviour refers to behaviour aimed at postponing or preventing a
potentially aversive situation from occurring42 and might be influenced by the beliefs
and recommendations of healthcare professionals.43 In some situations avoidance
behaviour could be a strategy for a specific medical condition influencing daily life
functioning, such as acute musculoskeletal pain. However, in children and adolescents
with G-HSD/hEDS avoidance behaviour is maladaptive. For instance, children with
G-HSD/hEDS report a tendency to avoid dynamic activities, such as sports or outdoor
games requiring more joint stability. In addition, children with G-HSD/hEDS also reported
a higher need to rest, which may reduce the possibility of being active in daily life
activities and might be a result of avoidance behaviour.** Furthermore, as previously
mentioned, activity-triggered pain is often seen in children and adolescents with
G-HSD/hEDS.” In addition, pain (87%), fatigue (78%), and fear of injury (50%) are
common reported barriers to exercise in individuals with G—HSD/hEDS.39 Adolescents
and young adults with asymptomatic GJH tend to avoid dynamic activities (for instance
sports) and prefer static activities (such as cycling and walking during leisure time),
which require less balance and stress on ligamentous joints.”” In summary, avoidance
behaviour is reported in both children and adolescents with asymptomatic GJH and with
G-HSD/hEDS.

Disuse

The term disuse can be described as performing at a reduced level of physical activity
(PA) in daily life and according to the FAM is a result of avoiding movements and
activities (avoidance behaviour).46 In individuals with G-HSD/hEDS several cross-sectional
studies demonstrate reduced levels of PA when compared to pain-free controls.”>**/
Children and adolescents with G-HSD/hEDS report more withdrawal from physical
education, sports or outdoor games, and physical related activities in their social

25,44

time. Furthermore, children and adolescents with G-HSD/hEDS report playing more

non-sports (such as board games or electronic games) and report needing more time to
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rest.* In cross-sectional studies, no differences in total PA levels appeared to be present
between asymptomatic GJH and non-hypermobile pain-free controls (as assessed based

)45 nor

on the Short QUestionnaire to ASess Health-enhancing physical activity
accelerometry.41 However, adolescents with GJH tend to prefer walking and cycling over
sports and outdoor activities when compared to non-hypermobile pain-free peers.45

A long-term consequence of physical inactivity is physical deconditioning“, which can be
expressed in decreased muscle strength and reduced -cardiorespiratory fitness.
Individuals with G-HSD/hEDS showed a decrease in lower and upper extremity muscle
strength as compared to non-hypermobile pain-free peers.47'49 It is important to note
that these results might be influenced by pain experienced during testing and
psychological factors, such as pain catastrophizing and pain-related fear. Individuals
might decide to stop or perform submaximally, resulting in a lower score.”® Decreased
muscle strength is also found to be associated with more activity limitations in adults
with G—HSD/hEDS.49 In addition, reduced cardiorespiratory fitness has been observed in
children and adolescents with G-HSD/hEDS compared to non-hypermobile pain-free
peers.SL52 It remains unclear if decreased muscle strength and reduced cardiorespiratory
fitness in individuals with G-HSD/hEDS may be long-term consequences of avoidance
behaviour due to CMP or an inherent characteristic of having a symptomatic GJH-related
disorder. Some studies performed in children and adolescents with asymptomatic GJH
indeed showed decreased muscle strength%’53 and lower levels of cardiorespiratory
fitness™ compared to non-hypermobile pain-free peers, while other studies could not
confirm this.*">>>°

In summary, disuse is shown in individuals with G-HSD/hEDS, which might be a result of
avoidance behaviour. Disuse will eventually result in physical deconditioning
characterized by decreased muscle strength and reduced cardiorespiratory fitness which
significantly influence each other. It can be hypothesized that decreased muscle strength
and reduced cardiorespiratory fitness in individuals with G-HSD/hEDS are a result of
deconditioning after pain has started or submaximal performance due to pain
interference during testing and psychological factors, such as pain catastrophizing and
pain-related fear.

Depression

Depression refers to a condition that negatively affects mood, self-concept, and self-
esteem”’ and is more common in adults with G-HSD/hEDS compared to non-
hypermobile pain-free peers.sg'59 However, a cross-sectional study in young adults with
and without asymptomatic GJH using multiple linear regression models showed no
significant association between GJH and depression as measured with the HADS
depression subscale.”
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In conclusion, depression among adults with G-HSD/hEDS is common compared to non-
hypermobile pain-free individuals. However, there is a notable lack of evidence in
childhood populations with G-HSD/hEDS regarding depression.58

Disability and quality of life

Disability is an umbrella term that encompasses not only physical impairments, but also
0 Within the FAM,
disability is conceptualized as a long-term consequence of prolonged avoidance
behaviour. In studies of adolescents and adults with G-HSD/hEDS both pain and fatigue
are associated with disability.27‘60 Furthermore, a study reported that children and

activity and participation limitations across home and school.

adolescents with G-HSD/hEDS have general difficulties at school and specifically
handwriting problems.25 When compared to non-hypermobile adolescents with CMP, no
differences in the level of disability emerged.6 A possible explanation for this finding
might be that in both cohorts of CMP patients, persistent avoidance behaviour,
regardless of the triggering mechanism, resulted in deterioration of daily functioning. A
recent longitudinal study in children with G-HSD/hEDS showed that multi-systemic
dysfunction was found to be the most important construct for functional impairment
measured in terms of performance and capacity. Furthermore, an increase of pain,
fatigue, and loss of postural control were related to disability over time.®*

Regarding Health-Related Quality of life (HRQoL), cross-sectional studies in individuals
with G-HSD/hEDS found lower levels of HRQoL compared to non-hypermobile pain-free
peers.26’62'65 In addition, a longitudinal study showed that severely affected children with
G-HSD/hEDS in terms of functional impairment had consistently lower HRQoL over the
course of 3 yearsA61 In addition, poorer emotional functioning levels measured with the
Pediatric Quality of Life Inventory were observed in children with G-HSD/hEDS compared
to pain-free peers.66 Lower levels of HRQoL in children with G-HSD/hEDS were

63,65,66 64-66 . . 66
, and stress incontinence symptoms.

associated with pain , fatigue
In conclusion, disability and reduced quality of life are common in children and adults
with G-HSD/hEDS. Pain, fatigue, reduced postural control, and multi-systemic disorders

may potentially be important determinants of disability in individuals with G-HSD/hEDS.

Discussion

Many studies support the increased injury rate in adolescents with asymptomatic GJH
and G-HSD and also pain experience in these adolescents is common. The psychological
involvement of pain catastrophizing and pain-related fear is also known. As these factors
might lead to avoidance behaviour, this is proposed to result in disuse, depression,
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disability, and reduced quality of life. Eventually, deconditioning may occur, further
fuelling the vicious circle in adolescents with G-HSD/hEDS. Based on the evidence
presented for the different components of the FAM it can be hypothesized that pain-
related fear and GJH are important factors in the development and maintenance of
CMP, eventually leading to disabling pain in adolescents with G-HSD/hEDS. According to
this hypothesis, we would like to propose a FAM applied to adolescents with G-
HSD/hEDS (Figure 2.3).

Earlier studies showed that individuals with asymptomatic GJH and G-HSD/hEDS both
have an increased risk of injurieslg'zo’22 and repetitive trauma, due to compromised
structural integrity of connective tissue, might lead to (re)injury.”" In addition, individuals
with G-HSD/hEDS experience more frequent painza'24 and GJH represents a risk factor for

32,33

developing musculoskeletal pain during adolescence. Therefore, it is hypothesized

that being hypermobile makes you more vulnerable for developing CMP due to an
increased risk of (re)injury and experiencing more frequent pain.
In addition it is proposed that individuals with G-HSD/hEDS have a vulnerability for

16,17,39 | .
Literature also

67,68

heightened pain-related fear, which is confirmed in several studies.
showed that more generalized anxiety is present in individuals with G-HSD/HEDS.
Furthermore, an increased incidence of other psychiatric conditions, including panic
3869 676870 \yere found to be associated with G-HSD/hEDS.

It could even be hypothesized that the relationship between anxiety disorders and

disorders and anxiety disorders
G-HSD/hEDS might also have a dysautonomic component, since several dysautonomia
symptoms related to anxiety such as hyperventilation, nausea, and light-headedness
were significantly more common in patients with G-HSD/hEDS.”" In addition, in adults
with G-HSD/hEDS anxiety sensitivity is strongly associated with fearful appraisals of
pain‘72 Furthermore, a recent study in 9-year old children with asymptomatic GJH
showed that high symptoms of GJH were associated with higher scores in anxiety
symptoms.73 In conclusion, heightened pain-related fear and more generalized anxiety is
common in individuals with G-HSD/hEDS. This might represent a general vulnerability for
the cascade of cognitive/affective responses in the FAM.

It is now proposed that this vulnerability for heightened pain-related fear and anxiety
causes avoidance behaviour. This avoidance behaviour seems to be a coping strategy to
avoid (re)injury and to prevent musculoskeletal complaints. As a result, avoidance
behaviour may lead to disability, depression, and disuse and eventually to physical
deconditioning, further fuelling the vicious circle of CMP. It is hypothesized that physical
deconditioning has additional negative consequences in individuals with G-HSD/hEDS.
Their compensation mechanism, essential for joint stability to compensate for joint
laxity, might fail. As a result of the failed compensation mechanism proprioception‘ls’m’76
and balance®”” can be impaired, which negatively influences body posture. An affected
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body posture, proprioceptive impairment, and decreased balance may lead to an
increased risk for injury and affect gait patterns.77’78 This FAM applied to G-HSD/hEDS,
describing a vulnerability for heightened pain-related fear and anxiety, might explain the
higher prevalence of GJH in adolescents with functionally disabling CMP compared to
the general population.

Fail
ailed Joint

hypermobility

_~-»| compensation
- .
mechanism

Injury

Disuse

Depression Recovery

\
\
/ Disability \
Avoidance —_— . '
Hypervigilance Pain experience

Pain
catastrophizing

Confrontation

S

Pain-related fear

No fear

Figure 2.3 The adapted fear-avoidance model for adolescents with G-HSD/hEDS.

Currently there is some support in the literature for components of this hypothesized
model, but are cross-sectional in nature, with only few evaluating more than one aspect
of the FAM. We proposed that, both joint hypermobility and pain-related fear are
important factors in the development and maintenance of CMP leading to disabling pain
in adolescents with G-HSD/hEDS. Therefore, in explaining disability, it is important to
focus on both the physical components related to joint hypermobility, in tandem with
the psychological components such as pain-related fear, catastrophizing thoughts, and
generalized anxiety in individuals with G-HSD/hEDS.

Future studies should further focus on identifying the underlying mechanism that causes
functional impairment in adolescents with G-HSD/hEDS. A recent study already showed
that children with G-HSD/hEDS who are severely affected have a high incidence of multi-
systemic complaints, in addition to high pain levels, fatigue, and poor postural control.®!
Furthermore, there is a growing evidence of autonomic nervous system dysfunction in
G-HSD/hEDS, including symptoms such as hypotension, orthostatic intolerance,
presyncope, palpitations, postural orthostatic tachycardia, gastrointestinal dysfunction,

and disturbed bladder function.”*”*® Autonomic dysfunction contributes to disability
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and decreased quality of life in G-HSD/hEDS.”*®!

dysfunctions were related to higher pain severitygz’83 and autonomic dysfunction may

In addition, increased autonomic

result in increased interoceptive sensitivity.84 Higher pain severity in combination with
increased interoceptive sensitivity may have additional emotional consequences, such as
anxiety and fear, which also may contribute to higher disability levels. Furthermore,
recent studies showed the potential role of neurodiversity, such as attention-
deficit/hyperactivity disorder (ADHD) and autism spectrum disorders (ASD) in G-
HSD/hEDS.®*® The potential connection between these psychiatric disorders and G-
HSD/hEDS can be useful in clinical practice since it allows to better identify patients with
ASD or ADHD who may be vulnerable for disabling pain. However, the causality between
these disorders and G-HSD/hEDS remains questionable, due to the design of the studies.
Despite the highly variable clinical presentation of G-HSD/hEDS the diagnosis is
frequently overlooked and misdiagnosed.87 Therefore, in clinical practice and future
studies these factors are important factors to take into account.

Furthermore, it is suggested to perform studies that evaluate the specific impact of
hypermobility on catastrophizing, pain-related fear, hypervigilance, and avoidance
behaviour, to further unravel the vulnerability for heightened pain-related fear and
generalized anxiety. In addition, an experimental study may contribute to unravel the
influence of both physiological (deconditioning) and psychological factors (pain-related
fear) on physical performance in adolescents with G-HSD/hEDS. Verbunt et al.® used an
interpolated twitch technique during muscle testing. This technique alongside with
surface EMG may distinguish the influence of both physiological and psychological
factors during performance testing to confirm whether deconditioning or submaximal
performance will influence physical test outcomes. Furthermore, it is important to
examine associations over time, regarding physical and psychological functioning, in
children with GJH before the onset of CMP to unravel the influence of GJH, physical, and
psychological functioning in children who will or will not develop CMP.

Conclusion

This topical review integrates knowledge from different research fields of expertise in
CMP, hypermobility related disorders, and rehabilitation medicine by presenting a FAM
applied to adolescents with G-HSD/hEDS. It is proposed that both GJH and pain-related
fear are important factors in the development and maintenance of CMP leading to
disabling pain in adolescents with G-HSD/hEDS. Although scientific confirmation of this
FAM applied to G-HSD/hEDS seems warranted, many studies are cross-sectional and
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therefore the suggested mechanism should be interpreted with caution. Longitudinal
studies are necessary to further unravel the mechanism of disabling G-HSD/hEDS.
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Chapter 3

Abstract

Study design
Cross-sectional study.

Background

Chronic musculoskeletal pain (CMP) has a negative impact on physical functioning.
During adolescence, joint hypermobility is a potential risk factor for developing CMP, and
pain-related fear contributes to the persistence of CMP. Whether pain-related fear and
hypermobility are related, and even reinforce each other, resulting in a stronger
association with perceived level of disability, is still unknown.

Objectives
To evaluate whether pain-related fear has a stronger association with disability in
hypermobile compared to non-hypermobile adolescents with CMP.

Methods

The study included 116 adolescents with CMP. The presence of hypermobility was
assessed using the Beighton score. Measures of pain intensity, age, sex, and pain-related
fear were collected and included in the multivariable model. Hierarchical regression
analysis, with disability as the dependent variable, was used to examine the interaction
between hypermobility and pain-related fear.

Results

Hypermobile adolescents with CMP do not have more pain-related fear compared to
non-hypermobile adolescents with CMP. There was no interaction effect between
hypermobility and pain-related fear in explaining disability (3=0.20, p=0.42). Similarly,
perceived harmfulness of balance-related activities was not more strongly associated
with disability in hypermobile adolescents with CMP.

Conclusion
The association of pain-related fear with the perceived level of disability is not more
pronounced in hypermobile compared to non-hypermobile adolescents with CMP.
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Introduction

Chronic pain is a common occurrence among adolescents. Up to 25% of all
schoolchildren and adolescents, report chronic pain.l’2 Along with abdominal pain and
headache, chronic musculoskeletal pain (CMP) is one of the most frequently reported
pain complaints in adolescents.™ In adolescents with CMP, pain complaints without a
specific diagnosis often relate to muscular, ligamentous, bony or joint structures and last
for longer than 3 months.” The incidence of CMP is reported to be higher among girlsl’5
and increases with age during adolescence. In approximately 40% of adolescents with
CMP, pain has a considerable disabling impact.G’8 Chronic musculoskeletal pain has a
negative impact on physical functioning, mood, social functioning, and family, reducing

#6911 14 adolescents with CMP, higher pain intensity has

12,13

the adolescent’s quality of life.
been shown to be associated with greater disability.
Despite a broad array of medical diagnoses, only 10% to 30% of pain complaints can be

14,15 . -
Because there is not always a somatic

explained based on a specific somatic disease.
solution to explain CMP, a biopsychosocial approach to the management of CMP should
be considered.® In adults, the fear-avoidance model has been proposed and shown to
explain the disabling role of pain-related fear.”®*® This model posits that catastrophizing
thoughts may lead to the development of pain-related fear, thus leading to avoidance of
feared activities. Over the long term, this avoidance behaviour may result in disability,

19-22

depression, and disuse, further fuelling the vicious circle of disabling CMP. Recently,

more evidence has become available to confirm that this model can be applied to
explain pain-related disability in the paediatric and adolescent populations.zg”24

Recent evidence has also shown that hypermobility is a risk factor for developing
CMP.”?® Generalized joint hypermobility (GJH) is characterized by generalized joint
laxity and increased joint mobility. In children with CMP the prevalence of GJH is 40% to
48%.”"%° This number far exceeds the prevalence of GJH in the general child population
(19.2%).30 Generalized joint hypermobility associated with pain and symptoms such as
arthralgia, soft tissue injury, and joint instability is referred to as joint hypermobility
syndrome. Studies in children and adolescents showed that joint hypermobility
syndrome is characterized by decreased muscle strength31, impaired proprioception31,
disabling fatigue32, reduced balance®, and problems with gait, falls, and coordination.*
In adults, an increased incidence of psychiatric conditions, including anxiety

35,36 37,38 38,39 .
was also found to be associated

disorders™ ", panic disorders™~", and depression
with joint hypermobility syndrome.

A study by Scheper et al.* has shown that young healthy adults with GJH tend to avoid
sports and outdoor activities and to prefer more stable activities like cycling. In view of

their sense of impaired balance, this avoidance behaviour is hypothesized to be a coping
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strategy to avoid joint luxation or injury and thus prevent the development of
musculoskeletal complaints. Therefore, it could be assumed that pain-related fear and,
more specifically, the perceived harmfulness of balance-related activities are more
pronounced in hypermobile adolescents with CMP compared to adolescents with CMP
who have no hypermobility, possibly resulting in avoidance behaviour leading to
impaired daily functioning. In the long term, impaired daily functioning may also result in
a further decrease in muscle strength. For hypermobile adolescents with CMP, loss of
muscle strength might act to further reduce joint stability, resulting in a higher risk of
activities such as walking, and problems such as falls and poor coordination, causing the
onset of pain. This might explain the higher prevalence of hypermobility in adolescents
with CMp?*°
adolescents with CMP have more pain-related fear compared to non-hypermobile

compared to the general adolescent population.30 Whether hypermobile

adolescents with CMP and whether pain-related fear and being hypermobile reinforce
each other, resulting in a stronger association with perceived disability, are still
unknown.

Therefore, the aim of this study was to evaluate whether pain-related fear has a stronger
association with disability in hypermobile compared to non-hypermobile adolescents
with CMP. In addition, we explored whether the perceived harmfulness of balance-
related activities had a stronger association with disability in hypermobile compared to
non-hypermobile adolescents with CMP.

Methods

Participants

Adolescents (11 to 21 years of age) with CMP, who were referred to the university
outpatient rehabilitation clinic specialised in pain rehabilitation (Adelante/Maastricht
University Medical Center+, Maastricht, the Netherlands) between June 2012 and
December 2015, were included in this cross-sectional study. Inclusion criteria were (1)
non-specific musculoskeletal pain for longer than 3 months, (2) not diagnosed with a
specific somatic disorder that could explain the current pain problem (e.g., neurological,
orthopaedic or rheumatoid disorders), and (3) sufficient proficiency in the Dutch
language to complete the questionnaires.

The age range of 11 to 21 years was consistent with the definition of adolescents by the
American Academy of Pediatrics,*' which defines adolescence as including 3 stages: early
adolescence, 11 to 14 years of age; middle adolescence, 15 to 17 years of age; and late
adolescence, 18 to 21 years of age.
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Procedure

Adolescents were referred to the university outpatient rehabilitation clinic for a
consultation with a physician in rehabilitation medicine. All patients were asked to
complete web-based questionnaires. Questionnaires were part of the regular health
care procedure. Patients were asked whether their data could be used anonymously for
research purposes. If they agreed, the data were included in the research database.
Ethical approval for this protocol was granted by the Medical Ethics Committee of the
Academic Hospital Maastricht/Maastricht University, the Netherlands (NL41712.068.12/
METC 12-3-052). The set of questionnaires retrieved information on sociodemographic
variables (age, sex, education level, and school absences), duration of pain, pain
intensity, pain catastrophizing, functional disability, and fear of pain. A physician in
rehabilitation medicine or a physical therapist assessed hypermobility using the Beighton
score.

A subgroup of all participating adolescents received multidisciplinary rehabilitation
treatment. In this group, the perceived harmfulness of activities was measured during
the first session of the treatment programme, at which time the patients had not yet
received any educational instructions or multidisciplinary treatment.

Measures

Hypermobility

The presence of hypermobility was assessed using the Beighton score, which consists of
5 functional tests, with a maximum score of 9 points (Table 3.1). The standardized
Beighton protocol is a valid instrument for the evaluation of generalized joint mobility in
elementary school children.*” The full protocol for testing hypermobility is described by
Smits-Engelsman et al.* In the current study, this assessment was performed by a
clinician. Based on the result of this assessment, the patients were assigned to 1 of 2
groups: patients who had a Beighton score of 5 or greater were assigned to the group
with CMP and hypermobility, and patients who had a Beighton score of less than 5 were
assigned to the group with CMP with no hypermobility.43

Table 3.1 Beighton criteria for joint hypermobility.

Joint examination Points Criteria for positive sign
Passive hyperextension of the small finger (measured bilaterally) 2 >90°
Passive thumb apposition to the forearm (measured bilaterally) 2 Thumb touches forearm
Elbow hyperextension (each elbow) 2 >10°
Knee hyperextension (each knee) 2 >10°
Standing trunk flexion with knees fully extended 1 Both palms flat on floor
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Sociodemographic variables

The following sociodemographic data were collected: age, sex, education level, duration
of pain, school absences during the last year, and pain intensity. Pain intensity was
measured using a 100-mm visual analogue scale (VAS), ranging from 0 (no pain) to 100
(worst pain imaginable). The participants rated their pain intensity (1) at the moment
the guestionnaire was completed, (2) for the worst/most severe pain experienced in the
last week, and (3) for the least pain experienced in the last week. The mean of these 3
VAS scores was used in the analyses. The VAS seems to be reliable and valid in children

older than 8 years.***

Functional disability

Functional disability was measured using the Functional Disability Inventory (FDI). The
FDI is a questionnaire for children and adolescents that measures the perceived difficulty
of performing activities at home, at school, and in recreational and social domains. It
contains 15 rated on a 5-point scale ranging from O (no trouble) to 4 (impossible). The
total score on the FDI ranges from 0 to 60, with a higher score indicating greater pain-
related disability. The reliability and validity of the FDI appear to be sufficient for

: . . el . 46,47
assessing pain-related disabilities in children and adolescents.

Fear of pain

The Fear of Pain Questionnaire—Child report (FOPQ-C) was used to measure pain-related
fear in children and adolescents with chronic pain. It contains 24 items and 2 scales, fear
of pain and avoidance of activities. Each item is scored on a 5-point scale, ranging from 0
(strongly disagree) to 4 (strongly agree), and the total scores ranges from 0 to 96, with
higher scores indicate higher levels of pain-related fear and avoidance. The FOPQ-C
appears has been shown to be a valid and reliable.*®

Perceived harmfulness

The Photograph Series of Daily Activities for youth (PHODA-youth) was used to measure
perceived harmfulness, or the indication to what extent the patient perceives the
activity to be harmful for the painful body part. The PHODA-youth contains photographs
of 51 age-specific daily life activities and social situations that are scored on the level of
perceived harmfulness of performing these activities. The PHODA-youth consists of
3 categories: daily life and household activities, intensive physical activities, and social
activities. Adolescents rate the photographs from 0 (completely harmless) to
10 (extremely harmful). Subscale scores for the 3 categories were obtained by summing
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the scores for all items in that subscale. To obtain a total score, all items were summed.
The electronic version of PHODA-youth has been found to be valid and reliable.”

For the current study, a subscale of the perceived harmfulness of balance-related
activities (PHODA-balance) was developed. Two authors, a physical therapist (T.M.) and
a physiatrist (J.V.), independently scored all 51 age-specific daily life activities and social
situations as yes or no, depending on their relation to balance. If both authors marked
an activity as yes, then the activity was added to the PHODA-balance. In instances of
disagreement, a third author (I.H.), a physical therapist, made the final decision whether
to include the activity in the PHODA-balance. Seven activities were selected as activities
related to balance, 6 from the PHODA physical activities subscale and 1 from the PHODA
daily life and household activities subscale. To obtain a subscale score on the PHODA-
balance, scores on the 7 items were summed, as are scores on the traditional subscales.
The selected activities were: (item 5) putting pants on, (item 20) participating in physical
exercise/gym, (item 28) dancing/sports, (item 30) running, (item 32) kicking a ball, (item
35) jumping over something, and (item 36) balancing on 1 leg.

Pain catastrophizing

The Pain Catastrophizing Scale for Children (PCS-C) measures catastrophizing thoughts
about pain. It contains 13 items describing different thoughts and feelings that children
and adolescents may experience when they are in pain, each rated on a 5-point scale
ranging from O (not at all) to 4 (extremely). The total score on the PCS-C can range from
0 to 52, with higher score indicating more catastrophizing thoughts about pain. The PCS-
C has been reported to be reliable and valid for children and adolescents.”

Statistical analysis

The results were tested for normality using histograms and the Kolmogorov-Smirnov
goodness-of-fit test. Descriptive data for the hypermobility and no-hypermobility groups
were calculated. Where distribution of the data was normal, continuous data were
shown as mean * SD; where the distribution was non normal, the data were shown as
median (interquartile range); and categorical data were presented as absolute
frequencies or percentages. Differences between the hypermobility and no-
hypermobility groups were analyzed using an independent sample t test, the Mann-
Whitney U test, the Kruskall-Wallis test, and the chi-square test.

To test the hypothesis that pain-related fear would have a stronger association with
disability in adolescents in the hypermobility group compared to those in the no-
hypermobility group, a hierarchical (blockwise entry) regression analysis was performed.
Variables were entered in the regression model in 3 blocks. With the FDI as the
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dependent variable in the model, VAS, age, and sex (female=0; male=1) were introduced
as independent variables in the first step to control for demographic variables and pain
intensity. In the second step, pain-related fear (FOPQ-C) and the group variable of
hypermobility (hypermobility/no-hypermobility; dichotomous variable) were entered
simultaneously. Finally, the interaction term (FOPQ-C x hypermobility/no-hypermobility)
was introduced in the third step. In case of a significant interaction, additional regression
analyses were performed for hypermobility and no-hypermobility groups separately to
identify influencing factors for disability.

First, the Pearson correlation between FOPQ-C and PHODA-balance was calculated. The
regression analysis was then repeated with PHODA-balance instead of FOPQ-C in the
model, to explore whether the perceived harmfulness of balance-related activities had a
stronger association with disability in hypermobile compared to non-hypermobile
adolescents with CMP. For all regression analyses, a collinearity check was performed.
Collinearity was considered a problem if the variance inflation factor was above 10>
The alpha level was set at 0.05. All statistical analyses were performed in IBM SPSS
Statistics for Windows, version 23.0 (IBM Corp, Armonk, NY, USA).

Results

Descriptive analyses

A total of 183 adolescents (162 female, 21 male) were asked if their data could be used
anonymously for research purposes, and data from 116 adolescents were included in
the current study. Sixty-seven adolescents were excluded from the analyses for the
following reasons: 8 ultimately proved to have a specific somatic disorder explaining the
current pain problem, 38 did not complete the questionnaires, and the Beighton scores
of 21 potential participants were unknown. Of the 116 adolescents, only 45 received
multidisciplinary treatment, and, for this reason, the PHODA-youth was only measured
in this subgroup (Figure 3.1).

The characteristics of each group are presented in Table 3.2. No significant differences
were found between the hypermobility group and the no-hypermobility group with
respect to sociodemographic variables, such as age, sex, education level, and school
absences. The duration of pain, VAS, PCS-C, FDI, FOPQ-C, and all PHODA outcomes also
did not significantly differ between groups.
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Agreed to participate, n = 183

Excluded:
*Not meeting inclusion criteria, n =8
sIncomplete data for self-report questionnaires, n = 38

Total recruited, n = 137

Missing Beighton scores, n = 21

Data available for analysis, n = 116

Subgroup of adolescents who received
multidisciplinary treatment, n = 45

Figure 3.1 Flow chart representing the data of patients who were included in the current study.

The association between pain-related fear, hypermobility, and disability

Table 3.3 presents the outcome of the regression analysis with disability as the
dependent variable. The inclusion of VAS, age, and sex as independent variables in the
first step showed that no significant association with disability was found. In the second
step, the FOPQ-C and the group variable of hypermobility/no hypermobility were added
to the model, resulting in a significant model (R*=0.32, adjusted R*=0.29, p<0.001). Only
the FOPQ-C was associated with disability (3=0.56, p<0.001), indicating that a higher
level of pain-related fear was associated with more disabilities. In the third step, the
interaction term (FOPQ-C x hypermobility/no-hypermobility) was added in the model,
but it did not appear to be significantly associated with disability.
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Table 3.2 Characteristics of the study sample of adolescents with chronic musculoskeletal pain.*

HM group (n=40) NHM group (n=76) Test statistics
Sex (female/male) 36/4 67/9 x21:0.09, p=0.52
Age,y’ 16.0+2.4 16.1+2.4 114=0.23
(-0.82, 1.04)

Education level, n(%)b H,=0.01, p=0.93

Primary school 2 (5) 5(6.6)

LGSE 10 (25) 22 (28.9)

HGSE 11 (27.5) 17 (22.4)

Pre-university education 7(17.5) 10 (13.2)

Vocational Education 9(22.5) 17 (22.4)

University of Applied Sciences 1(2.5) 4(5.3)

University 0(0) 1(1.3)
Duration of pain, n(%)b H.=0.59, p=0.44

3-6 months 3(7.9) 7 (10.0)

6-12 months 10 (26.3) 20(28.6)

1-5 years 20 (52.6) 38 (54.3)

>5 years 5(13.2) 5(7.1)
School absences, n(%)b H,=0.15, p=0.70

0-14 days 20(51.3) 39 (52.7)

15-30 days 8(20.5) 9(12.2)

1-3 months 6 (15.4) 11 (14.9)

4-6 months 3(7.7) 6(8.1)

7-12 months 2(5.1) 9(12.2)
VAS® 59.0+17.1 56.8+£18.3 t99=-0.58 (-9.60, 5.30)
FDI? 22.4+10.2 23.7+9.7 1114=0.69(-2.51, 5.15)
FopQ-C° 39.4+£17.1 39.1+14.1 t114=-0.09 (-6.14, 5.61)
pPCS-C° 22.8(12.0-31.8) 20.5(12.3- 28.3) U=1336, z=-1.07,

p=0.29
PHODA-youth total™® 190.6 £ 83.2 154.1+97.1 t43=-1.22 (-96.80, 24.10)
PHODA ADL subscale * 26.3(9.0-49.6) 11.5 (1.5-31.0) U=143, z=-1.82,
p=0.07

PHODA PA subscale™ 126.8+47.3 113.6£60.2 t43=-0.72 (-50.00, 23.60)
PHODA SA subscale®* 30.3+ 22.0 22.2+216 t45=-1.16 (-22.20, 6.00)
PHODA-balance™* 33.0+12.9 28.6+16.3 143=-0.90 (-14.40, 5.50)

Abbreviations: ADL = subscore daily life activities; FDI = Functional Disability Inventory; FOPQ-C = Fear of Pain
Questionnaire-Child report; HGSE = higher general secondary education; HM = hypermobility; LGSE = lower
general secondary education; NHM = no hypermobility; PA = subscore physical activities; PCS-C = Pain
Catastrophizing Scale for Children; PHODA = Photograph Series of Daily Activities; SA = subscore social
activities; VAS = visual analogue scale. * Values are mean + SD unless otherwise indicated. * Normally
distributed data. Values in parentheses in the test statistics column are 95% confidence interval. ®Not normally
distributed data. Values are median (interquartile range). © Only measured in the subgroup who received
treatment (HM, n=14; NHM, n=31).

Before analyzing the association between PHODA-balance and disability, the Pearson
correlation between FOPQ-C and PHODA-balance was calculated (r=0.36, p=0.01). Then,
an identical procedure was performed using the PHODA-balance in a subgroup of
adolescents who received multidisciplinary treatment instead of the FOPQ-C as the fear-
related variable in the model. In the first step of the regression model, VAS, age, and sex
were introduced, but no significant association with disability was found. The PHODA-
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balance and the group variable of hypermobility/no hypermobility were added in the
second step (R’=0.44, adjusted R’=0.36, p<0.001). Results showed that only the PHODA-
balance was found to be associated with disability (f=0.64, p<0.001), indicating that
higher perceived harmfulness of balance-related activities was associated with more
disabilities. In the third step, the interaction term (PHODA-balance x hypermobility/no-
hypermobility) was added to the model, but no significant association with disability was

found.

Table 3.3 Regression analysis with disability as dependent variable.*

Independent variable B p? R’ Adjusted R’ F change

Block 1 0.02 -0.01 0.64
Sex 0.05 0.00 (-6.27, 6,36)
Age 0.20 0.05 (-0.62, 1.01)
VAS 0.07 0.13(-0.04, 0.18)

Block 2 0.32 0.29 21.39°
FOPQ-C 0.37 0.56 (0.26, 0.48)b
Group (HM/NHM) -1.21 -0.06 (-4.67, 2.26)

Block 3 0.33 0.29 0.64
FOPQ-C x HM/NHM 0.09 0.20(-0.13, 0.32)

Abbreviations: FOPQ-C = Fear of Pain Questionnaire-Child report; HM = hypermobility; NHM = no
hypermobility; VAS = visual analogue scale. * Represented by the Functional Disability Inventory. * Values in
parentheses are 95% confidence interval. ° p<0.05.

Discussion

The results indicate that hypermobile adolescents with CMP do not have more pain-
related fear compared to non-hypermobile adolescents with CMP, and that pain-related
fear and being hypermobile do not reinforce each other in explaining the perceived level
of disability. Further, the perceived harmfulness of balance-related activities was not
more strongly associated with disability in hypermobile adolescents with CMP.

It was hypothesized that pain-related fear would be more prominent in hypermobile
adolescents with CMP, possibly resulting in avoidance behaviour leading to impaired
daily functioning. This was hypothesized to result in a stronger association between
pain-related fear and disability in hypermobile as compared to non-hypermobile
adolescents with CMP. However, results of the current study did not support these
hypotheses. A possible explanation may be that the long-term experience of pain
complaints in the included population resulted in deterioration of the daily functioning
of not only the hypermobile but also the non-hypermobile adolescents with CMP. Being
hypermobile probably makes you more vulnerable to developing chronic pain, but once
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you have chronic pain, the level of fear, as reported in the current study, is associated to
disability.

The current study also explored whether the perceived harmfulness of balance-related
activities had a stronger association with disability in hypermobile compared to non-
hypermobile adolescents with CMP. The results did not confirm this supposition. Earlier
studies reported a positive association between perceived harmfulness and the level of
disability.***?
balance-related activities and disability in the current study, but this association was not

This association was also found between perceived harmfulness of

stronger in hypermobile compared to non-hypermobile adolescents with CMP. However,
the current findings are based on a limited sample of 45 adolescents (14 hypermobile
and 31 non-hypermobile), so the results should be considered with caution.
Nevertheless, earlier studies reported decreased muscle strengtha, impaired
proprioception31, and reduced balance® in hypermobile compared to non-hypermobile
children and adolescents with CMP. Furthermore, adolescents with GJH prefer more
stable activities (e.g., walking and cycling) and tend to avoid dynamic activities.*
Therefore, it might be of interest to evaluate the perceived harmfulness of balance-
related activities in adolescents with hypermobility in future studies.

As mentioned earlier, one limitation of the current study is the small number of
adolescents who completed the PHODA-youth, resulting in insufficient power of the
analysis that included the PHODA-balance. Furthermore, the selection of balance-related
items (PHODA-balance) used in the current study, though made by experts, has not been
validated. However, use of this subscale was necessary in this study to analyze the
specific perceived harmfulness of balance-related activities. Further research is needed
to confirm whether this selection of PHODA items offers a valid representation of
balance-related activities. Another limitation is the cross-sectional design of the study,
which meant that no causal relationships could be confirmed. However, if significant
associations were not present in cross-sectional data, it is unlikely that they would be
present in a longitudinal cohort.

This study confirms earlier findings that pain-related fear is related to disability.B'24 It is
therefore important that, in clinical practice, treatment of adolescents with CMP focus
on a biopsychosocial approach.4 This has also been confirmed in the last few decades by
several biopsychosocial rehabilitation programmes for adults that focused on

psychosocial influencing factors, and especially the influence of pain-related fear.'®"
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Conclusion

The association of pain-related fear with the perceived level of disability is not more
pronounced in hypermobile compared to non-hypermobile adolescents with CMP.
Perceived harmfulness of balance-related activities was not more strongly associated
with disability in hypermobile adolescents with CMP.
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Chapter 4

Abstract

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 motor 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),
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; R=0.29,
p=0.02). 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." 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.2 For many individuals with GJH, flexible joints deliver a potential benefit
in the performance of sporting activities, such as dancing or gymnastics‘3 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).4 G-HSD shows overlap with the
hypermobile type of the Ehlers-Danlos syndrome (hEDS).” 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 functioning6’7, decreased
muscle strengthg'g, impaired proprioception9’lo, reduced balance'’, and decreased
physical activity levels (PAL)" are commonly reported. Earlier studies also indicated that
asymptomatic GJH alone was associated with decreased daily activities, such as walking

14,15 ey
In addition,

distance and jumping capacitylg, and decreased muscle strength.
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.”” However, other studies could not confirm the reduced muscle

1617 and altered physical activity level measured objectively with an

strength
accelerometer™® in adolescents and adults with asymptomatic GJH vs non-hypermobile
controls. A possible explanation might be that the included population in the study of
Jensen et al."® and Mebes et al."” 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 behaviour seems in line with
avoidance behaviour described in the fear-avoidance model to explain the disabling role

19,20 oy s . .. .
However, it is unclear whether individuals with

of pain-related fear in chronic pain.
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,
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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 Committee of the Academic Hospital
Maastricht/Maastricht University, 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 (T.M. / N.S. / T.H.) 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 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,
physical functioning (i.e. isokinetich muscle strength, isokinetic muscle strength
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

62



GJH and perceived harmfulness in healthy adolescents; impact on physical functioning

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.21 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 cut-off point of 5 out of 9 for adults up to the age of 50 and a cut-off point

5,22
Based on

of 6 out of 9 for pre-pubertal children and adolescents was recommended.
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) 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.”

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) the least pain
experienced in the last week. The VAS is a reliable and valid measure for pain intensity in
children older than 8 \/ears.23 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 pain24, 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.
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Muscle strength

The Biodex System 3 Pro dynamometer (Biodex Medical Systems, Shirley, NY, USA),
which is a reliable and valid isokinetic dynamometerZS, 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 set-up of Rombaut et al.”® 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”’ measuring
joint stability and coordinationzs, which might be decreased in asymptomatic GJH. The
SLHD has shown high intra-subject reliability.”” The method of Junge et al.”’ 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 centimetres from
the toe at the push off to the heel at the place the adolescents landed, for the dominant
as well as the non-dominant leg was used for the analyses.
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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 x 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.*® Furthermore, wake up time,
sleeping, and school hours were noted. Nighttime and periods of non-wearing activities
were excluded from the analyses. To be included as a valid 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.31’32 Data processing
was performed using Matlab (The Math Works Inc., Natick, MA, USA). To obtain activity
counts, an algorithm was designed based on the method, which was used for the
Actiwatch 7 (Philips, Eindhoven, the 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 at 3Hz and a low pass filter 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.33 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 day33; (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.34 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
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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 non-normal
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 U 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 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 (female=0; male=1), and hypermobility (non-GJH=0; GJH=1) were
introduced as independent variables; (2) PHODA-youth was added; and (3) interaction
term (PHODA-youth x 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 (B) 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 analyses. After transformation, skewness and kurtosis
values of the scales were in the acceptable range of -1 and +1. For all regression
analyses, a collinearity check was performed. Collinearity was considered a problem
when the variance inflation factor (VIF) was above 10.*®> To compare the different PAL
conditions between the GJH and non-GJH group, independent t tests or Mann-Whitney
U tests were used. P-values less than 0.05 were considered statistically significant.

Results

Descriptive analyses

Sixty-two adolescents (47 females, 15 males) participated in the study. Table 4.1
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
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Beighton (p<0.01) and higher age (p=0.02) 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 non-GJH group (p=0.04). 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.

Table 4.1 Characteristics of the study sample of adolescents with or without asymptomatic GJH.

GJH (n=11) Non-GJH (n=51) Test statistics

Females/males, n 10/1 37/14 p=0.27
Beighton, n’ 6.0 (5.0-7.0) 2.0(2.0-3.0) U=8, z=-5.23, p<0.01
Age, v° 18.0(16.0-20.0) 16.0 (15.0-18.0) U=158, z=-2.28, p=0.02
Weight, kg’ 63.1(52.0-73.7) 59.0 (53.1-69.7) U=259, z=-0.40, p=0.69
Height, cm® 169.7+10.1 170.0+9.0 t60=0.09 (0.28,3.06)
BMI, kg/m*° 22.4 (18.5-24.2) 21.5 (18.9-23.0) U=259, z=-0.40, p=0.69
Ethnicity father, n (%) H;=0.01, p=0.92

Caucasian 10 (90.9) 48 (94.2)

Arabic 1(9.1) 2(3.9)

Latin American 0(0.0) 1(2.0)
Ethnicity mother, n (%) H,=0.00, p=0.97

Caucasian 10 (90.9) 48 (94.2)

Arabic 1(9.1) 2(3.9)

Latin American 0(0.0) 1(2.0)
Education level, n (%) H,=4.09, p=0.04

Primary education 0(0.0) 1(2.0)

Secondary education 3(27.3) 30(58.8)

Tertiary education 8(72.7) 20(39.2)
Part time job (yes/no), n 9/2 33/18 p=0.48
Pain intensity’ 0.5 (0.0-0.9) 0.3 (0.0-1.1) U=276, z=-0.09, p=0.93

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

Table 4.2 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 4.2).

Muscle strength

Table 4.3 presents the results of muscle strength. The first step showed that having GJH
(B=0.29, p=0.02) and a higher age (R=0.26, p=0.04) 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%
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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 x
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.

Table 4.2 Outcome of the PHODA-youth questionnaire.

GJH (n=11) Non-GJH (n=51) Test statistics
PHODA ADL (range; 0-130) 0.0 (0.0-1.0) 0.0 (0.0-2.0) U=231, z=-1.02, p=0.31
PHODA PA (range; 0-270) 2.5 (1.0-11.5) 5.5 (1.0-24.0) U=260, z=-0.38, p=0.70
PHODA SA (range; 0-110) 0.0 (0.0-2.0) 1.0 (0.0-7.0) U=187, z=-1.81, p=0.07
PHODA total (range; 0-510) 5.0 (2.0-16.5) 8.0 (1.0-38.0) U=239, z=-0.78, p=0.44

Abbreviations: GJH = group with asymptomatic hypermobility; Non-GJH = group without asymptomatic
hypermobility; PHODA = Photograph Series of Daily Activities; PHODA ADL = subscore daily life activities;
PHODA PA = subscore physical activities; PHODA SA = subscore social activities. All variables were not normally
distributed and therefore presented by median (IQR).

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 4.3). Only a higher
age was associated with a higher knee extensor (£=0.27, p=0.04) and flexor (R=0.32,
p=0.02) 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 4.3). Results in the first step showed that
male adolescents had a significantly higher score on the SLHD ($=0.45, p<0.01). In the
second step, the PHODA-youth was associated with motor performance (f=-0.33,
p=0.01), 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.
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PAL

The accelerometer data of 49 adolescents (GJH, n=8; non-GJH, 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 registration-
period (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 4.1 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
non-GJH 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 4.3 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 level of PAL
(B=-0.39, p<0.01). 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.
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Figure 4.1 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). t GJH
(n=5) and non-GJH (n=29).
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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 non-hypermobile

B our results showed that adolescents with asymptomatic GJH have no

controls
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-

161827 1 addition, a recent study also showed that no differences

hypermobile controls.
in physical functioning, measured as lower extremity function and motor performance,
occurred between adolescent athletes with asymptomatic GJH and non-hypermobile
adolescent athletes.’® A possible explanation between the different outcomes of PAL
could be that the current study and Clinch et al."® used accelerometry as objective
measurement, whereas Scheper el al.” 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.le, Junge et a|.27, and Mebes et al.'’ found
no differences in muscle strength of the lower extremity in contrast to Jindal, Narayn,
Ganesan and MacDermid* and Scheper et al.”® 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."” 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 cut-
off values of the recent published consensus statement™® 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 strengthg’g, reduced balancell, decreased PAL, and
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112 \ere found compared to pain-free non-hypermobile

lower sport participation
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.”” 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.38 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—conditions39‘40, should be further
explored.

Limitations

This study has some limitations. The first limitation is a relatively large number of
analyses performed in the current study. Therefore, there is an increased risk of a type |
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 cut-off points.*™*? 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 pre-determined 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
pain-free adolescents yet. Further research is needed to evaluate the assumption that
perceived harmfulness can indeed be measured with the PHODA-youth in a pain-free
population. The finding that in adults, fear of injury/perceived harmfulness, as assessed
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by the Tampa Scale for Kinesiophobia, can be used in a pain-free population may
support the assumption.43 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

#45 and therefore differences in

risk factor for developing chronic musculoskeletal pain
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

H 19,37,46
control, and pain-related fear.

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.
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Chapter 5

Abstract

Background and aim

Chronic musculoskeletal pain (CMP), generalized joint hypermobility (GJH), and pain-related fear
have influence on physical functioning in adolescents.

To evaluate differences in physical functioning between adolescents with CMP, GJH or the
combination of both, and in addition evaluate the potential contribution of pain-related fear.

Design and setting

Observational, cross-sectional design.

The adolescents with CMP were recruited by a physician in rehabilitation medicine and measured
in the university outpatient rehabilitation clinic (Adelante/Maastricht University Medical Center+,
the Netherlands). The adolescents without CMP were recruited in the Southern area of the
Netherlands and measured in the university outpatient rehabilitation clinic (Adelante/Maastricht
University Medical Center+, the Netherlands).

Population

Four subgroups of adolescents were included; 21 adolescents with CMP without GJH, 9
adolescents with CMP and GJH, 51 adolescents without CMP without GJH, and 11 adolescents
without CMP with GJH.

Methods

Outcome measures were muscle strength and endurance, motor performance, physical activity
level, and pain-related fear. Hierarchical regression analyses were used to study differences in
physical functioning and the contribution of pain-related fear in adolescents with/without CMP as
well as with/without GJH.

Results

Adolescents with CMP had decreased muscle strength (p=0.01), endurance (p=0.02), and lower
motor performance (p<0.01) compared to adolescents without CMP. Higher levels of pain-related
fear were related to decreased muscle strength (p=0.01), endurance (p<0.01), and motor
performance (p<0.01). No differences in physical functioning and pain-related fear between
hypermobile and non-hypermobile adolescents with CMP were found.

Conclusions

Adolescents with CMP had decreased muscle strength and motor performance associated with
increased levels of pain-related fear compared to adolescents without CMP. The association of
being hypermobile with physical functioning is not more pronounced in adolescents with CMP.

Clinical rehabilitation impact

No differences were found in physical functioning and pain-related fear between hypermobile
adolescents with CMP compared to non-hypermobile adolescents with CMP. Future rehabilitation
treatment in hypermobile adolescents with CMP should also focus on psychological components,
such as pain-related fear.
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Are CMP and GJH disabling contributors to physical functioning?

Introduction

Pain lasting for more than 3 months is referred to as chronic pain." Chronic pain is a
complex health issue in which physiological, psychological, and social factors contribute
to the level of pain-related disability.2 In the Netherlands, up to 25% of the
schoolchildren report chronic pain, such as headache, abdominal pain or chronic
musculoskeletal pain (CMP).? In CMP, often a specific medical disease cannot explain the
level of disability, resulting in a non-specific condition based on the location of
symptoms in the bones, joints, muscles or related soft tissues.” In approximately 40% of
adolescents with CMP, pain has a considerable disabling impact on physical functioning
(associated with deficits in motor performance, difficulty with balance or decreased
muscle strength), mood, and social functioning, reducing the quality of life.>®

Previous studies suggest a relationship between CMP and generalized joint
hypermobility (GJH), as GJH has been reported as a two to threefold increased risk of
developing CMP.”® GJH associated with one or more musculoskeletal manifestations
such as chronic widespread pain for 23 months, macro — and microtrauma, disturbed
proprioception, and joint instability, is referred to as generalized hypermobility spectrum
disorder (G-HSD).> G-HSD shows close overlap with the hypermobile Ehlers-Danlos
syndrome (hEDS).’® Both symptomatic conditions lack a specific genetic profile, have
been identified as clinically indistinguishablell and are therefore labelled as G-
HSD/hEDS.

Common physical symptoms in children and adolescents with G-HSD/hEDS that have
been reported are decreased muscle strengthlz, reduced cardiorespiratory fitness™,
impaired proprioceptionlz, and reduced balance." Furthermore, children and
adolescents reported decreased level of participation in activities. Deconditioning has
been reported as a potential underlying explanation for decreased functioning in
musculoskeletal pain. According to the fear-avoidance model, musculoskeletal pain can
be perceived as a threat, and pain-related fear can evolve causing avoidance behaviour.
This pain-related behaviour might result in disuse, functional disability, and depression,
resulting in deconditioning further fuelling the vicious circle of CMP. Even more,
individuals with G-HSD/hEDS have been found to report higher levels of pain-related
fear15,16
heightened fear and anxiety might lead to further disabilities and thus a further decline

and more generalized anxiety.17 It is hypothesized that this vulnerability for

in physical functioning. In earlier studies, it was found that adolescents with
asymptomatic, thus pain-free, GJH have decreased functional capacity, expressed as a
decrease in walking distance and jumping capacitylg, decreased muscle strengthlg, and
preferring more stable activities, such as walking and cycling.19 Other studies could not

confirm the altered physical activity level and reduced muscle strength in GJH.*
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Thus, it remains still unclear whether having CMP, being hypermobile in the joints,
having the combination of both, or the contributing role of pain-related fear will have
the most impact on physical functioning. Therefore, the main aim of this study was to
evaluate the influence of GJH and having CMP on the level of physical functioning
(measured as muscle strength, motor performance, and physical activity level [PAL]) in
adolescents. We hypothesized that having CMP and GJH will negatively interact on
physical functioning in adolescents than CMP alone. Furthermore, we want to examine
the specific role of pain-related fear on physical functioning. We hypothesize that higher
levels of pain-related fear in adolescents with G-HSD/hEDS are related to decreased
levels of physical functioning compared to adolescents with CMP.

Materials and methods

Participants and procedure

In this cross-sectional study both adolescents with CMP and healthy adolescents
participated. First, thirty adolescents (mean age 16.4 years, SD 1.7 years, range 13-20
years) with CMP and GJH (+/+) or with CMP and without GJH (+/-) were recruited by a
physician in rehabilitation medicine in the university outpatient rehabilitation clinic
specialised in pain rehabilitation (Adelante/Maastricht University Medical Center+, the
Netherlands). Inclusion criteria were a treatment indication for outpatient rehabilitation
treatment, considerable perceived disabilities in daily life functioning, and good
understanding of the Dutch language. Exclusion criteria were any suspicion of a medical
(orthopaedic, rheumatic neurological) disease that could fully explain their current level
of pain or any suspicion of an underlying psychiatric disorder that would hamper
rehabilitation treatment. The adolescents with CMP were participants in the multicenter
2B-Active trial (NL47323.068.13), which was conducted in Adelante/Maastricht
University Medical Center+, Laurentius Hospital Roermond, Revant Rehabilitation Center
Breda, and Rijndam Rehabilitation Center in Rotterdam. Ethical approval was granted by
the Medical Ethics Committee of the Academic Hospital Maastricht/Maastricht
University , the Netherlands (METC; 13-3-062) in accordance with the principles set forth
in the Helsinki Declaration in October 2013. The 2B-Active study investigated the
effectiveness of a multidisciplinary rehabilitation treatment including exposure in vivo
treatment in reducing functional disability in adolescents with CMP compared with care
as usual. Baseline measurements including physical functioning measurements were
completed before the start of the outpatient rehabilitation treatment. On a single study
site (Adelante/Maastricht University Medical Center+) baseline measurements also
included assessment on physical functioning. For study site Maastricht, 62 participants
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were anticipated for in 2B-Active.” Only 30 adolescents could eventually be included in
the current study.

Second, anticipating on 62 adolescents with CMP to participate, also 62 healthy
adolescents (mean age 16.8 years, SD 2.3 years, range 12-21 years) without CMP with
GJH (-/+) or without CMP and without GJH (-/-) were recruited in the Southern area of
the Netherlands. The inclusion of the adolescents without CMP with GJH (-/+) and
without CMP and without GJH (-/-) was in the same time period to the adolescents with
CMP and GJH (+/+) and with CMP and without GJH (+/-) (Figure 5.1). Therefore, the
composition of the adolescent population without CMP was based on age and gender of
the adolescents with CMP. Recruitment of these healthy adolescents was organized in
three different ways: (1) informed on a local high school, (2) responded on a pamphlet
presented at two institutes for higher education, and (3) asked in the personal network
of the research group. Adolescents who were interested received an information letter
and after a week, a researcher contacted them for participating in the study. Inclusion
criteria were good understanding of the Dutch language and adolescents were excluded
if there was a specific medical condition influencing physical functioning, such as acute
or recurrent musculoskeletal pain or a history of surgical interventions. Ethical approval
was granted by the Medical Ethics Committee of the Academic Hospital
Maastricht/Maastricht University, the Netherlands (METC; 15-4-052) in accordance with
the principles set forth in the Helsinki Declaration in October 2013. All adolescents and,
if younger than 18 years of age, also from their parents provided written informed
consent.

Figure 5.1 Explaining the different groups.
Abbreviations: + CMP + GJH = adolescents with chronic musculoskeletal pain and generalized
joint hypermobility; + CMP - GJH = adolescents with chronic musculoskeletal pain and no
generalized joint hypermobility; - CMP + GJH = healthy adolescents with asymptomatic
generalized joint hypermobility; - CMP - GJH = healthy adolescents without asymptomatic
generalized joint hypermobility.
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All outcome measures were collected by a physical therapist blinded for the condition
during an 1-hour session. Assessment of the adolescents with CMP and with or without
GJH were at baseline prior to the start of their outpatient rehabilitation treatment.
Healthy adolescents without CMP and with or without GJH were invited to come to the
hospital once in order to participate in the study assessment procedure.

Outcome measurements

Sociodemographic variables (age and gender) were collected. Height (meters, m) and
weight (kilograms, kg) were measured in a standardized method without heavy clothing
and shoes. Body mass index (BMI, kg/mz) was calculated as weight divided by the square
of height. Perceived difficulty in performing activities at school, at home, and in
recreational or social interactions was assessed with the Functional Disability Inventory
(FDI) in the adolescents with CMP. The FDI is a reliable and valid instrument to evaluate
. . L. . 23
pain-related disability in adolescents.

Hypermobility

The presence of joint hypermobility was assessed using Beighton score (BS), with a
standardized protocol. The BS consist out of nine functional tests and scored
dichotomously (0/1) with a maximum score of nine. The cut-off point for adolescents
younger than 18 years is 6 out of 9 and the cut-off point for adolescents older than
18 years is 5 out of 9. The BS is the most commonly used method in clinical practice.24
In the adolescents with CMP, a physician in rehabilitation medicine measured GJH using
BS. This protocol was also used by a physical therapist to measure GJH in the adolescents
without CMP.

Physical functioning

In order to reflect various components of physical functioning: muscle strength, muscle
strength endurance, motor performance, and physical activity in daily life (PAL) were
assessed.

Muscle strength

For measuring isokinetic knee extensor and knee flexor muscle strength in both legs, a
dynamometer (Biodex System 3 Pro dynamometer, Biodex Medical Systems, Shirley, NY,
USA) was used. Knee muscle strength is an important factor in balance and functional
activities of daily living, such as standing up, stairs climbing, and gait.25 The adolescent
took place in an upright sitting position and the tested upper leg was stabilized with a
fixation strap. The lever arm was attached to the adolescent’s lower leg by a padded cuff
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2 cm proximal to the medial malleolus. The axis of movement of the knee
extension/flexion was in line with the axis of movement of the Biodex. After one practice
repetition, five repetitions of maximal voluntary concentric knee extension and flexion
were performed at the angular velocity of 60°/second. Peak torque/body weight
(PT/BW) was used to standardize and interpret isokinetic muscle strength.

The same setup was used to measure isokinetic knee extensor and knee flexor muscle
strength endurance in both legs. The adolescent had to perform 30 repetitions of
maximal voluntary concentric knee extension and flexion with an angular velocity of
240°/second after one practice repetition. The test was performed 60 seconds after the
isokinetic test of 60°/second. Total work (J) was used to represents the muscle’s
capacity. The Biodex is a valid and reliable isokinetic dynamometer in adolescents.”

Motor performance

For measuring motor performance related to balance, coordination, and joint stability,
the single leg hop for distance (SLHD) was used.”” The adolescents were asked to jump
as far as possible on a single leg, without losing balance. After one practice hop, three
valid hops with both legs were performed with a resting period of 30 seconds in
between. The greatest distance (centimetres) from the toe at the push off to the heel at
the place the adolescents landed was used for the analyses. The SLHD has shown high
intra-subject reliability.28

Physical activity in daily life (PAL)

PAL during daily life was measured using a tri-axial accelerometer (AX3, Axivity,
Newcastle, UK) attached to the waist using plaster (Tegaderm Film, 10x12 cm). The AX3
had to be removed during potential harmful activities for the device, such as swimming
and contact sports. Each adolescent received a diary to collect information of wake up
time, sleeping, and non-wearing time and the reason for doing this. To be included as a
valid score, at least three weekdays with a minimum of 10 hours of recording and one
weekend day with at least 8 hours of recording had to be available during a 7-day
monitoring period.29 To obtain activity counts an algorithm was designed using Matlab
(The Math Works Inc., Natick, MA, USA), based on the method which was used for the
Actiwatch 7 (Philips, Eindhoven, the Netherlands). The highest recorded sample per
minute was selected and summed per minute. This counts/minute signal was used for all
further calculations. Daily uptime (min) was defined as the period between wake up time
and sleeping. PAL was expressed as total activity (TA) during uptime. This quantity was
calculated as the total sum of counts during uptime averaged over the week.*
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Pain intensity

Pain intensity was measured using a 100-mm visual analogue scale (VAS), ranging from
0 (no pain) to 100 (worst pain imaginable). The adolescents rated their pain intensity in
three conditions: (1) current pain, (2) the worst/most severe pain experienced in the last
week, and (3) the least pain experienced in the last week. The mean of these three VAS
scores was used. The VAS is a reliable and valid measurement in children older than
8 years.31

Perceived harmfulness

Perceived harmfulness, as construct of pain-related fear, was measured with the
Photograph Series of Daily Activities for youth (PHODA-youth). The PHODA-youth
contains 51 age-specific activities and social situations and consists out of three
categories: activities of daily living and household (PHODA-ADL; 13 items), intensive
physical activities (PHODA-PA; 27 items), and 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. The PHODA-Youth
is valid and reliable in adolescents with CMP.>

Statistical analysis

Normality of the data and the presence of outliers was checked by visual assessment
and the Kolgomorov-Smirnov goodness-of-fit test. Descriptive data of sociodemographic
and anthropometric variables, hypermobility, functional disability (CMP group only), and
pain intensity of the CMP group with/without GJH and the non-CMP with/without GJH
were calculated. Normal distribution of data were presented as mean * standard
deviation (SD), non-normal distribution data were presented as median and interquartile
range (IQR). Categorical data were shown as frequencies.

In order to study differences in physical functioning and pain-related fear measured as
perceived harmfulness in adolescents with both CMP and GJH, adolescents with CMP
without GJH, adolescents without CMP with GJH, and those without CMP nor GJH
multiple one-way ANOVA’s were used in case of a normal distribution. In case of a
significant result, a post-hoc Hochberg’s GT2 analysis was performed to explore
potential differences between groups. In case of non-normal distribution, the Kruskall-
Wallis test was used. Subsequent multiple comparisons included Mann-Whitney U tests.
For the categorical variables, the Fisher’s Exact test was used.

In order to evaluate the influence of having GJH and having CMP on the level of physical
functioning (muscle strength, motor performance, and PAL) in adolescents, and to
examine the specific role of pain-related fear on physical functioning, hierarchical
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regression analyses were performed. Variables were entered in three steps. In the first
step, physical functioning (respectively expressed as muscle strength (1), muscle
strength endurance (2), motor performance (3), and physical activity level (4)) were the
dependent variables. In each model having CMP (no=0; yes=1), GJH (no=0; yes=1), age,
and gender (male=0; female=1) were entered as independent variables. In the second
step, pain-related fear (measured as perceived harmfulness) was introduced. In the third
step, the interaction term (CMP x GJH) was entered. In case of a significant interaction
(p<0.10), additional regression analyses were performed for the CMP group and the
non-CMP group separately with the physical functioning outcome as dependent variable
and GJH, age, gender, and pain-related fear as independent variables.

For all independent variables, the association with the outcome was presented by the
regression coefficient (B), the corresponding 95% confidence interval (95%-Cl), and
p-value. It appeared that knee extension and knee flexion muscle strength endurance
did not meet the assumption of normality; these variables were log transformed prior to
the analyses. After transformation, skewness and kurtosis values of the scales were in
acceptable range of -1 and +1. For all regression analyses, a collinearity check was
performed. Collinearity was considered a problem if the variance inflation factor (VIF)
was above 10.** P-values < 0.05 were considered statistically significant. All statistical
analyses were performed in IBM SPSS Statistics for Windows v23.0 (IBM Corp, Armonk,
NY, USA).

Results

Description of the population

A total of 92 adolescents, 30 adolescents with CMP and 62 adolescents without CMP,
participated in the present study. Within the CMP group 9 of 30 adolescents had GJH
(28%) and within the non-CMP group 11 of 62 adolescents had GJH (18%). The
characteristics of each group are presented in Table 5.1. The mean score of the FDI was
respectively 24.3 + 8.0 in the adolescents with CMP and without GJH (+/-) and
22.1+13.4 (not significant) in the adolescents with CMP and GJH (+/+), which is
classified as moderate disability (score 13-29).” With respect to gender, age, height,
weight, and BMI no significant differences were found between the four groups (CMP
without GJH (+/-), CMP with GJH (+/+), without CMP without GJH (-/-), and without CMP
with GJH (-/+)). As expected, the Beighton score was significant higher (p<0.01) in the
CMP with GJH and the non-CMP with GJH compared to the CMP without GJH and the
non-CMP without GJH, and pain intensity was significant higher (p<0.01) in the CMP with
and without GJH compared to the non-CMP with and without GJH.
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Table 5.1 Characteristics of the study population of adolescents with and without CMP and with and

without GJH.
CMP (n=30) No CMP (n=62)
No GJH (n=21) GJH (n=9) No GJH (n=51) GJH (n=11) Test statistics

Female/male, n 19/2 8/1 37/14 10/1 p=0.27

Age,y 16.1£2.0 16.9+0.8 16.5+2.3 18.1+1.8 F3 55=2.36,
p=0.08

Height, m 1.66 + 0.08 1.71+0.03 1.70 £0.09 1.70 £0.10 F3 85=0.99,
p=0.40

Weight, kg 60.5 (57.3-72.8) 80.4 (56.6-110.3) 59.0(53.1-69.7) 63.1(52.0-73.7)  Hs=6.12,
p=0.11

BMI, kg/m” 22.1(21.0-27.0) 27.6(19.8-37.1) 21.5(18.9-23.0) 22.1(18.5-24.2)  H=7,36,
p=0.06

Beighton, n 2(1-3)° 6(6-7)° 2 (2-3)° 6 (5-7)° H;=47.86,
p<0.01

Pain intensity, mm 53 (38-77)° 68 (37-78)° 3(0-11)° 5(0-9)° Hs=51.66,
p<0.01

Functional disability 24.3+8.0° 22.1+13.4° - - 1,5=0.40,
p=0.70

Abbreviation: BMI = body mass index. Normally distributed data are presented by mean + SD and not normally
distributed data are presented by median (interquartile ranges; 25-75" percentile). Functional disability is only
measured in the CMP population. *®Values with the same superscripts represent homogenous subsets. © n=20.
d

n=7.

Physical functioning and pain-related fear

One non-CMP adolescent without GJH could not complete the muscle strength
endurance testing due to malfunction of the dynamometer. Three adolescents with CMP
(2 with GJH and 1 without GJH) did not complete the PHODA-youth. For the assessment
of PAL, accelerometry data of 75 adolescents (26 adolescents with CMP; 49 adolescents
without CMP) was used. Data of 17 adolescents (4 adolescents with CMP;
15 adolescents without CMP) were excluded due to the following reasons: dysfunction
of the accelerometer (n=4), not fulfilling the pre-determined criteria for a valid
registration (n=12), and interruption of the measurement due to an allergic reaction to
the plaster (n=1). Table 5.2 presents mean + SD and median scores (IQR) on the four
components of physical functioning and pain-related fear of the four subgroups. The
subgroups CMP with/without GJH scored significantly higher on pain-related fear
compared to non-CMP with/without GJH (p<0.01). No differences in pain-related fear
was found between the CMP with GJH and the CMP without GJH (p=0.38).

86



Are CMP and GJH disabling contributors to physical functioning?

'$3950Ns snousfowoy Juasatdad s3duasiadns swes syl Yim san|ep e ‘(@1usdJad Yyi1g/-G ‘seduel ajiuenbialul) suelpaw Ag pajuasaldad aue ejep painglisip Ajjewsou
10U pue gS ¥ ueaw Ag pajussaidal ase elep painquIsIp AjjewWION 33| JueuIWOpP 3yl J0) paluasald Ajuo aJe sduewloyiad Jolow pue ‘@aueinpus yidualls a|asnw
‘418ua.is 3PN oM [B10) = ML ‘y31em Apoqg/enbuoy dead = pag/Ld ‘AljigowuadAy ulof pazijedsuss = Hro ‘uled |B19[2XSOINISNW JIUOIYD = d|AD :SUOIIRIARIGQY

10°0>d ‘15 6€=H (591-07)0'S (08-0T) 08 1=uelOVOE-L'TTT) L'6VT  ,o(8'€5C-T°0L) 6'89T 1edy pajea.-uled
69°0=005°0=""4 [, OT+E€0F OT+LT . OT«G0F0T49T 0T+ 0F 0T49T OT«90F 0T/ T [2n3] AviAoe [edisAyd
T00>d ‘€8'CT=""%4 EETFE YT J6CF96YT C8CF9L6 O TV ¥ L°80T 9ouewnopiad Jojo
€0°0=0 ‘SO'6=H  (L'LEVT-9'LOL) 8'8ETT ,(6'COET-9'LEE) TTL6 oI V6TT-G06T) L'L9E  (€T66-6'C6C) S'ELS (ML) uoixa|y @duUBINPUS Y1ZUBNS 3OS
T00=0 '€9°6=°H  (1'869T-7'879) LV6ST (T E6TT-GESE) T¥LL (0'8LIT-09ST) ZTOTE  (SVLOT-E'€8C) 6095 (ML) UOISUSIXS dUBINPUS YIBUBIIS BPPSNA
10°0=d ‘St 7= ¢4 G TEFE0TT oceuq L LEF TEB J7'8EFBGS 40 9E FT08 (Mg/1d) uoixaly yidua.is sPsNIA
T0°0=d ‘19 7= £ TSFTOLT oeeue€ EG FE'8TT 9G9FCT8 619 76807 (M8/1d) uoisuzixe y18uails 3jasniA
So13s13els 39| (TT=U) HrO (TS=U) HrO ON (6=U) HrO (TZ=U) HrO ON
(z9=u) dWD ON (0€=u) dD

"HID INOYHM PUE YIM PUE dIAD INOYIM PUB YHM SIUSISD|OPE WO} Jed) pajejaJ-uled pue sawodino |edisAyd ||e jo soi3sialoeley) 'S d|qel

87



Chapter 5

Associations between having CMP and GJH, pain-related fear, and physical
functioning

Muscle strength

Table 5.3 presents the results of the hierarchical regression analyses with muscle
strength as dependent variable. The first step showed that older adolescents had
increased knee extension muscle strength (B=7.58, p=0.01) and having CMP was
associated with decreased knee flexion muscle strength (B=-22.88, p=0.01). In the
second step, the PHODA-youth was associated with knee extensor (B=-0.24, p=0.01) and
flexor (B=-0.17, p=0.01) muscle strength, indicating that higher perceived harmfulness
was associated with decreased muscle strength. In the final step, the interaction term
CMP x GJH was introduced. There was a significant association (p<0.10) with decreased
knee extensor muscle strength (p=0.04) and knee flexor muscle strength (p=0.07). The
analysis per subgroup (CMP group and non-CMP group) revealed that higher pain-
related fear was associated with decreased knee extensor (B=-0.25, p=0.02; R’=0.28)
and flexor muscle strength (B=-0.15, p=0.01; R2=0.33) in adolescents with CMP. No
significant association was found for having GJH in the CMP group (muscle strength
extension: B=-19.60, p=0.48; muscle strength flexion: B=-20.74, p=0.19). In the non-CMP
group having GJH (B=41.05, p=0.03) was associated with increased knee extensor muscle
strength (corresponding R’=0.21).

Muscle strength endurance

For muscle strength endurance the first step showed that having CMP was associated
with decreased knee extension (B=-0.20, p=0.02) and decreased knee flexion (B=-0.20,
p<0.01). Furthermore, a higher age was associated with increased knee extension
(B=0.04, p=0.04) and increased knee flexion (B=0.03, p=0.05) muscle strength
endurance. After adding perceived harmfulness in step 2, significant associations were
found with knee extension (B<-0.01, p<0.01) and knee flexion (B<-0.01, p<0.01) muscle
strength endurance. In the final step, the interaction term CMP x GJH was not
significantly associated with knee extensor and knee flexor muscle strength endurance
(Table 5.3).
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Motor performance

The results in the first step for motor performance showed that after adding having
CMP, GJH, age, and gender only having CMP was associated with decreased motor
performance (B=-40.50, p<0.01) and male adolescents had a significant higher score on
the SLHD (B=18.30, p=0.03). In the second step, perceived harmfulness was associated
with motor performance, indicating that higher scores of perceived harmfulness were
associated with decreased motor performance (B=-0.17, p<0.01). In the third step, the
interaction term CMP x GJH was added, but no significant association was found
(Table 5.3).

Physical activity level

For PAL the first step showed that female adolescents had decreased levels of PAL
(B=-32.9*10°, p=0.02). No significant association was found for having CMP. After adding
perceived harmfulness in the second step and the interaction term CMP x GJH in the
third step, no significant associations were found (Table 5.3).

Discussion

This study showed that adolescents with CMP had decreased muscle strength,
decreased muscle strength endurance, and lower motor performance compared to
adolescents without CMP. In contrast to our expectations, the results indicated that
adolescents with G-HSD/hEDS do not have lower physical functioning levels compared to
non-hypermobile adolescents with CMP. Furthermore, this study could not confirm
lower objectively PAL in adolescents with CMP (with/without GJH) compared to
adolescents without CMP (with/without GJH). In addition, higher levels of pain-related
fear, which was found in adolescents with CMP, were associated with decreased muscle
strength, muscle strength endurance, and motor performance. However, in contrast to
our expectations no difference between the influence of pain-related fear on physical
functioning in adolescents with G-HSD/hEDS compared to non-hypermobile adolescents
with CMP was found.

The findings of the current study were consistent with results of previous studies who
found decreased abdominal and back muscle strength endurance and a reduction in
motor performance, using the drop vertical jump test, in adolescents with CMP

4,34,35 .
Furthermore, other studies also showed decreased

compared to pain-free controls.
knee flexor and extensor muscle strength and reduced motor performance in children
1214, addition, the

current study used the SLHD as dynamic performance test determined by coordination,

and adolescents with G-HSD/hEDS compared to healthy controls.
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balance, and joint stability27, whereas Schubert-Hjalmarsson et al."* measured motor
performance with another performance test (Bruininks-Oseretsky test of motor
proficiency). However, the results of the current study did not support the hypothesized
negative impact of having GJH and CMP on physical functioning compared to CMP alone.
A possible explanation for these findings could be that the selected CMP population in
this study was included in an university outpatient rehabilitation clinic specialised in pain
rehabilitation and already experiencing long-term disabling pain complaints resulted in a
decline of daily functioning and deconditioning in both the hypermobile and non-
hypermobile adolescents with CMP. This deconditioning may have resulted in decreased
muscle strength, decreased muscle strength endurance, and lower motor performance
in hypermobile and non-hypermobile adolescents with CMP compared to adolescents
without CMP, but no differences occurred between the hypermobile and non-
hypermobile adolescents with CMP. These results are based on only a small number of
adolescents with G-HSD/hEDS (n=9) and should therefore be treated with caution. An
unexpected finding was that there were no differences in objectively measured PAL
between the different subgroups. This was in contrast with other studies showing lower
levels of objectively assessed and subjectively reported PAL in adolescents with CMP or
G-HSD/hEDS compared to healthy adolescents.”****" However, another study also found
similar subjective PAL in adolescents with and without CMP.*% In addition, the studies of
Stommen et al.*® and Schubert-Hjalmarsson et al.™ showed that pain-free adolescents
appeared to be more active in sports or outdoor games. This last finding could also be of
interest in the current population, though due to the absence of continuous physical
activity measurements during contact sports and/or swimming we could not
differentiate between the different intensities of PAL. Thus, it appeared that adolescents
with CMP and with/without GJH do not differ in PAL compared to adolescents without
CMP and with/without GJH, despite the decreased muscle strength and lower motor
performance. The findings of the decreased muscle strength and lower motor
performance might be influenced by pain experienced during testing and psychological
factors, such as pain catastrophizing and pain-related fear. Adolescents with CMP might
decide to stop or perform submaximal, resulting in a lower score.”® Therefore, in future
studies it is important to distinguish whether physical deconditioning or submaximal
performance due to pain and/or pain-related fear is accounting for the physical
outcome.

Furthermore, the results of the current study showed that pain-related fear in
adolescents with CMP, independent from having GJH or not, is associated with
decreased muscle strength, muscle strength endurance, and motor performance. This
supports previous findings of the growing evidence on the negative association of pain-

40,41

related fear on disability in adolescents with CMP. Furthermore, other studies in
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subjects with hEDS also showed heightened fear of pain and movement, using the

Tampa Scale of Kinesiophobia.">"’

In addition, Rombaut et al.*? reported increased fear
of falling in adults with hEDS compared to pain-free non-hypermobile controls, which
might contribute to further muscle weakness and postural instability. However, as
mentioned before, pain-related fear could also lead to a submaximal performance on
the physical outcome tests resulting in a lower score. In addition, there were no
differences in pain-related fear between adolescents with G-HSD/hEDS compared to
non-hypermobile adolescents with CMP. This finding supported a previous study who
also found no differences in pain-related fear, measured with the Fear of Pain
Questionnaire—Child report between hypermobile and non-hypermobile adolescents
with CMp.*

In 2017 a consensus statement with new nosology according to unified criteria is
published and the terms G-HSD/hEDS replaced the old nomenclature of joint
1% In this

study we used G-HSD/hEDS as an umbrella term to cover the new and old nomenclature

hypermobility syndrome and Ehlers-Danlos syndrome hypermobility type.

of GJH-related disorders with CMP. It should be noted that it is currently unknown what
the consequences are of these new unified criteria for patient outcomes and disease
distinctive.

To our knowledge this was the first study focusing on the individual role of having GJH
and having CMP on physical functioning within patients with G-HSD/hEDS and the
additional role of pain-related fear. Therefore, this study allowed to differentiate
between both the physical components in tandem with pain-related fear in adolescents
with G-HSD/hEDS compared to adolescents with CMP. These results suggested that once
adolescents have CMP, despite being hypermobile or not, the level of pain-related fear is
the contributing factor to diminished physical functioning.

The following limitations should be addressed. First, the limited number of adolescents
with CMP and GJH and adolescents without CMP and GJH. Therefore, the results should
be treated with caution. However, the prevalence of GJH in the general population
(18%) and GJH in the CMP population (28%) is comparable to other studies performed in
B4 Eurther

research should be conducted in larger groups to confirm the current findings. Second,

the Dutch adolescent population, despite the use of different cut-off points.

the absence of continuous physical activity measurements due to contact sports and/or
swimming might result in an underestimation of the adolescent’s actual PAL. Especially
in the group of adolescents without CMP, who reported more non-wearing time due to
different sports than the adolescents with CMP. Third, the relatively large number of
analyses performed leads to an increased type | error. The final limitation is the cross-
sectional design of the current study, which meant no causal relationships could be
confirmed. Future studies should employ longitudinal designs to examine associations
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over time in adolescents with GJH before the onset of CMP. Differences in physical and
psychological functioning in adolescents who will or will not develop CMP might be
important determinants for prevention of the development of CMP.

This study has clinical implications. Several studies proposed multidisciplinary
rehabilitation treatment (MRT) for adolescents with G-HSD/hEDS that reduce
disability.”*’
behavioral therapy (CBT), not specifically aimed at reducing pain-related fear, alongside

The studies of Rahman et al.*® and Bathen et al.”” included cognitive-

with physical therapy. Improvements were found in muscle strength and muscle
strength endurance, a reduction of kinesiophobia, a decrease in levels of anxiety,
depression, and catastrophizing thoughts, and an increase in self-efficacy. The findings of
this study showed that physical functioning in hypermobile as well as non-hypermobile
adolescents with CMP was diminished and that the level of pain-related fear was
contributing. These results support previous findings in the literature who showed that
psychological distress, such as anxiety and depression, had a strong association with
disability in patients with G-HSD/hEDS.” Therefore, it seemed to imply that in future
MRT for adolescents with G-HSD/hEDS it is important to focus also on psychological
components, such as pain-related fear, catastrophizing thoughts, and generalized
anxiety. Furthermore, it might be advisable to include other important constructs of
functional disability in adolescents with G-HSD/hEDS, such as multi-systemic dysfunction
and fatigue.”

Conclusions

Adolescents with CMP had decreased muscle strength and motor performance
associated with increased levels of pain-related fear compared to adolescents without
CMP. Contrary to expectations, no differences were found in physical functioning and
pain-related fear between adolescents with G-HSD/hEDS compared to adolescents with
CMP. Furthermore, no differences in PAL was observed between adolescents
with/without CMP compared to pain-free controls. These results seemed to suggest that
future MRT for adolescents with G-HSD/hEDS should also focus on psychological
components, such as pain-related fear and generalized anxiety.
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Chapter 6

Abstract

Background

To determine whether adolescents with generalized hypermobility spectrum disorder/
hypermobile Ehlers-Danlos syndrome (G-HSD/hEDS) show changes in the level of
disability, physical functioning, perceived harmfulness, and pain intensity after
completing multidisciplinary rehabilitation treatment.

Methods

Pre-post-test design. Fourteen adolescents with G-HSD/hEDS participated. The
multidisciplinary rehabilitation treatment consisted of a combination of physical training
and exposure in vivo. Physical training aims to improve aerobic capacity, muscle
strength, and propriocepsis for compensating hypermobility. Exposure in vivo aims to
decrease disability and pain-related fear. Pre- and post-treatment assessments were
conducted to assess the level of disability, physical functioning (motor performance,
muscle strength, and physical activity level), perceived harmfulness, and pain intensity.

Results

After completing multidisciplinary rehabilitation treatment, the adolescents showed a
significant and clinically relevant improvement (improvement of 67%, p<0.01) in
functional disability. Furthermore, significant improvements were found in motor
performance (p<0.01), muscle strength (p<0.05), perceived harmfulness (p<0.01), and
pain intensity (p<0.01) after completing multidisciplinary rehabilitation treatment.

Conclusion

Multidisciplinary rehabilitation treatment leads to a significantly and clinically relevant
improvement in the level of disability for adolescents with G-HSD/hEDS. Positive effects
were also found in physical functioning, perceived harmfulness, and pain intensity.
Although the results of this multidisciplinary rehabilitation treatment for adolescents
with G-HSD/hEDS are promising, further study is needed to confirm these findings in a
randomized design.
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Introduction

Generalized joint hypermobility (GJH) is a non-symptomatic condition characterized by
increased range of motion in multiple joints due to increased laxity of connective tissue."
Previous studies suggest a relevant relationship between chronic musculoskeletal pain
(CMP) and GJH, as GJH is a risk factor for CMP.>? In case GJH occurs with one or more
musculoskeletal manifestations, such as chronic pain, trauma, disturbed proprioception,
and joint instability, it is referred to as generalized hypermobility spectrum disorder
(G—HSD).4 Similar characteristics have been reported in children and adolescents with the
hypermobile Ehlers-Danlos syndrome (hEDS).5 It has been suggested that G-HSD and
hEDS are clinically indistinguishable4’5, both lacking a specific genetic profile and are
therefore labelled as G-HSD/hEDS.

Compared with healthy peers, individuals with G-HSD/hEDS have a higher presence of
physical complaints, such as activity-related pains, decreased muscle strength7, impaired
proprioceptiong, reduced balance’, multi-systemic dysfunction (such as hyperelastic skin,
orthostatic intolerance, gastrointestinal problems, and organ dysfunction)w, and
significant disability.” In addition, individuals with G-HSD/hEDS have also demonstrated
an increased incidence of psychosocial complaints, such as pain-related fear™ and
psychiatric conditions, including anxiety disorders, panic disorders, and depression13
compared with healthy peers.

Multidisciplinary rehabilitation treatment (MRT) in CMP may be effective in reducing

disability and has been recommended in adolescents with G—HSD/hEDS.M’15

Recently, a
treatment protocol for MRT for adolescents with CMP, including a programme for
adolescents with G-HSD/hEDS, was published.16 Adolescents with G-HSD/hEDS received
physical training sessions and exposure in vivo (EXP) sessions. Results showed a clinically
relevant and statistically significant decrease in functional disability in adolescents with
CMP after MRT.Y However, based on these results, no conclusions could be drawn on
potential improvements specifically for the subgroup of adolescents with G-HSD/hEDS.
However, the treatment and measurement protocol was implemented in usual care,
which led to a higher number of adolescents with G-HSD/hEDS.

This study has 2 primary objectives: First, to determine whether adolescents with
G-HSD/hEDS showed changes in the level of disability (domain of participation) after
following MRT. Secondly, to study whether improvements were found in physical
functioning, perceived harmfulness, and pain intensity in the adolescents with
G-HSD/hEDS after MRT was finished.
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Methods

Participants

In this pre-post-test design, 14 adolescents with G-HSD/hEDS completed MRT. Inclusion
criteria were: (1) indication for outpatient MRT, (2) considerable disability and fear of
movement according to the expert opinion of the physician in rehabilitation medicine,
(3) age 12-21 years at the start of the treatment, (4) chronic musculoskeletal complaints
(23 months), and (5) joint hypermobility with a Beighton score (BS) of >6 (age of
participants, 12-17 years) or a BS of >5 (age of participants, 18-21 years).”"® Exclusion
criteria were possible psychiatric disorders for which a psychiatric treatment is indicated
and a medical (orthopaedic, rheumatic or neurological) disease that can explain the
severity of pain complaints.

To describe the population at baseline, data on sociodemographic variables (age, sex,
education level, duration of pain, and school absence due to pain in the last year) were
collected. Furthermore, height and weight were measured without heavy clothing and
shoes. Body mass index was calculated as weight in kg divided by the square of height in
m. Joint hypermobility was measured by a physician with a standardized protocol using
the BS. The inter-rater reliability of the BS seems acceptable to be used in clinical
practiceA18 Psychosocial functioning was assessed with questionnaires regarding fear of
pain (Fear of Pain Questionnaire-Child report; FOPQ-C), pain catastrophizing (Pain
Catastrophizing Scale for Children; PCS-C), and depressive symptoms (Children’s
Depression Inventory; CDI). The FOPQ-C, PCS-C, and CDI have demonstrated good

validity and reliability in children and adolescents.”**

Procedure

Participants in this study were included in two different ways. First, adolescents
participated in the 2B-Active trial.”® The purpose of this study was to evaluate whether
MRT, including EXP, reduces functional disability in adolescents with CMP compared to
care as usual. If adolescents with CMP had an indication for MRT, they were invited to
participate in the study and received patient information. Adolescents younger than 18
years needed written approval from their parents and/or caregivers. The MRT for
adolescents with G-HSD/hEDS consisted of a combined programme of physical training
sessions and EXP sessions. A detailed description of the procedure of the trial is found
elsewhere.” Three out of nine adolescents with G-HSD/hEDS were allocated to the MRT
of combined physical training sessions and EXP sessions and, in this way, they also
participated in the current study. Secondly, after completion of the 2B-Active trial in
2017", treatment and measurement protocol according to 2B-Active was implemented
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in usual care for adolescents with G-HSD/hEDS at Adelante/Maastricht University
Medical Center+. In the period April 2017 to August 2019, an additional 11 adolescents
with G-HSD/hEDS received MRT according to the protocol used in the 2B-Active trial.
Measurements were part of the regular care. To ask adolescents and their parents
and/or caregivers permission to use outcome of assessments for research purposes,
they received an information letter and were asked to give informed consent.
Adolescents younger than 16 years needed written approval from their parents and/or
caregivers. After informed consent was given, the measurements were collected
anonymously. Ethical approval for this study was granted by the Medical Ethics
Committee Academic Hospital Maastricht/Maastricht University, the Netherlands (METC
2018-0520).

All adolescents participated in a pre-treatment and a post-treatment assessment.
Assessments of the 3 adolescents in the 2B-Active trial were performed by an
independent physiotherapist. Assessments for the additional 11 adolescents were
performed by their treating physiotherapist. Finally, both data-sets were combined.

Multidisciplinary rehabilitation treatment (MRT)

During the intake the physician in rehabilitation medicine assessed the full medical
history and current CMP-related complaints, disabilities, and medication used.
Afterwards the physician in rehabilitation medicine decided whether the adolescents
were eligible for MRT and monitored the treatment process. The MRT (total of
15 weeks) started with an intake and education session in the first week, provided by a
skilled psychologist and physiotherapist. Subsequently, patients completed an 8-week
physical training (2-h, 2x/week) programme led by a physiotherapist and assistant
physiotherapist. Thereafter, adolescents received an additional 6 sessions (1-h, 1x/week)
of EXP therapy provided by a skilled psychologist and physiotherapist. Table 6.1 provides
a summary of the content of the MRT. Parallel during the MRT treatment, 3 parent
meetings (in a group or individually) were offered to help parents facilitating their
children with pain in learning to cope with pain.22 It was intended that both parents
attend the sessions. Individual parent meetings were conducted when there were less
than 3 parent couples available for the parent group. The physical training module
focused on improving physical parameters, such as aerobic capacity, muscle strength,
core stability, and propriocepsis, for compensating the physical impacts of GJH. The EXP
module used principles of classical conditioning and cognitive-behavioural techniques to
restore the normal pattern of daily functioning by reducing pain-related fear and
catastrophic thinking, through exposing adolescents to fear-provoking daily life activities
and movements.” A detailed description of the MRT is found elsewhere."
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Table 6.1 Description of the multidisciplinary rehabilitation treatment.

MRT for adolescents with G-HSD/hEDS

Number of sessions Total of 15 weeks; 40 hours; 1-h sessions.

Therapists Psychologist, physiotherapist, physiotherapist assistant.

Treatment overview Week 1; Session 1: Intake; cognitive analysis of pain complaints and its consequences
and identifying movements/activities that are threatening using the Photograph
Series of Daily Activities Youth (PHODA-youth).
Week 1; Session 2: Education; explaining the treatment rationale and completing a
personal fear-avoidance model.
Week 2-9; Session 3-34: Physical training (combination of hydrotherapy and fitness)
focusing on aerobic capacity, muscle strength, core stability, and propriocepsis.
Adolescents also received home exercises.
Week 10-15; Session 35-40: Exposure with behavioural experiments, fear provoking
activities and movements, generalization, and relapse prevention.

Abbreviations: MRT = multidisciplinary rehabilitation treatment; G-HSD = generalized hypermobility spectrum
disorder; hEDS = hypermobile Ehlers-Danlos syndrome.

Primary outcome measure

The primary outcome was the Functional Disability Inventory (FDI). The FDI is a self-
report measurement instrument for adolescents, which is used for measuring perceived
difficulty in performing activities at school, at home, and in recreational or social
interactions. The instrument consists of 15 items rated on a 5-point scale (0=no trouble
to 4=impossible). The FDI total score ranges from 0 to 60, with a higher score
demonstrating greater disability. Scores ranging from 0 to 12 are classified as none or
minimal disability, 13 to 29 as moderate disability, and scores >30 reflect severe
disability.”* The FDI is a reliable and valid instrument to evaluate pain-related disability in
adolescents.”

Secondary outcome measures

Physical functioning

The level of physical functioning was determined by measuring motor performance,
muscle strength, muscle strength endurance, and physical activity level.

For measuring motor performance, the single leg hop for distance (SLHD) was used. The
adolescents were asked to jump as far as possible on a single leg, without losing balance.
The distance was measured in centimetres from the toe at push-off to the heel at the
place the adolescents landed. After one practice attempt, the greatest distance
measurement of 3 valid hops with both sides was used for further analyses. The SLHD
has demonstrated high intra-subject reliability.”®

To measure isokinetic muscle strength in knee extensors and flexors, the Biodex System
3 Pro dynamometer (Biodex Medical Systems, Shirley, NY, USA) was used. The
adolescent was invited to take place in an upright sitting position and the tested leg was
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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 flexion/extension.
After one try-out attempt, 5 duplications of maximal voluntary concentric knee flexion
and extension were measured at the angular velocity of 60°/second. Peak torque (PT,
Nm) was assessed, and represents for the highest muscular force output similar to one
repetition maximum effort in isotonic, and represents the muscle’s maximum strength
capability. PT/body weight is the PT normalized for body weight, used to standardize and
compare scores in further analyses.
The same set-up as above (isokinetic muscle strength, Biodex System 3 Pro
dynamometer) was used to measure isokinetic muscle strength endurance. After one
try-out attempt, the adolescent had to perform 30 repetitions of maximal concentric
knee flexion and extension with an angular velocity of 240°/ssecond. The test was
carried out 60 s after the isokinetic test of 60°/second. Total work (J) is the work
produced throughout the test and represents the muscle’s capability. The Biodex
isokinetic dynamometer has shown to be a reliable and valid measure.”’
The level of physical activity (PAL) during daily life was measured using a tri-axial
accelerometer (AX3, Axivity, Newcastle, UK) attached to the waist using plaster
(Tegaderm Film, 10x12 cm). The adolescents were instructed to remove the
accelerometer during activities potential harmful for the device, such as contacts sports
or swimming. In addition, all adolescents were asked to keep a diary of data
interruption, such as removing the device and the reason for doing this. Furthermore,
wake-up time and sleeping were noted. To be included as a valid measurement, a
minimum of 3 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.28
Raw data processing was performed using Matlab (The Math Works Inc., Natick, MA,
USA). An algorithm, based on the method which was used for the Actiwatch 7 (Philips,
Eindhoven, the Netherlands), was designed to obtain activity counts from the raw data,
resulting in one resultant acceleration signal. This signal was rectified and filtered using a
high-pass filter at 3 Hz and a low-pass filter at 10 Hz. The highest recorded sample per
second was selected and summed per minute (counts/minute). Daily uptime was
defined as the period between getting up and going to sleep (min).
PAL was expressed as 3 quantities:
1. Total activity (TA) during uptime, determined by the total sum of counts during
uptime.
2. Mean activity (MA) level during 24 h, which refers to the mean number of counts
per min per day. Sleeping time is included in the total score.
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3. Peak activity (PA) level, calculated as the highest number of counts achieved in
1 min per daytime wake period.

TA and PA measurements were calculated as a total and separately for the week and

weekend days.

Perceived harmfulness (PHODA-youth)

The Photograph Series of Daily Activities for youth (PHODA-youth) assessed perceived
harmfulness. This consists of 51 age-specific photographs that had to be rated on a scale
0-10 (0=not harmful at all to 10=extremely harmful). The PHODA-youth consists of
3 subscales: activities of daily living and household (PHODA-ADL; 13 items), intensive
physical activities (PHODA-PA; 27 items), and social activities (PHODA-SA; 11 items). The
total score was calculated by summing all items (range 0-510) and subscale scores were
calculated by summing the scores on all items in that subscale. Higher scores indicate
higher levels of perceived harmfulness. The PHODA-youth has demonstrated to be valid
and reliable in adolescents with CMP.*

Pain intensity (VAS)

The visual analogue scale (VAS) consisted of a pre-measured line (100-mm) that ranges
across a continuum from “no pain” to “worst pain imaginable”. The adolescents were
asked to score 3 VAS scales: (1) current pain, (2) the worst/most severe pain
experienced in the last week, and (3) the least pain experienced in the last week. The
mean of these 3 VAS scores was calculated and used to express pain intensity in the
analyses. The VAS demonstrated good reliability and validity in measuring pain intensity
in children older than 8 years.30

Statistical analysis

Data analysis was performed using the IBM Statistical Package for the Social Sciences
(SPSS), version 25.0 (IBM Corp, Armonk, NY, USA). Due to the small sample size,
normality of variables cannot be assumed and therefore non-parametric tests were
used.” Descriptive data of sociodemographic variables, anthropometric measurements,
and hypermobility were presented as median and interquartile range (IQR). Statistically
significant inter-individual changes for functional disability, physical functioning,
perceived harmfulness, and pain intensity were assessed using the Wilcoxon signed-rank
test. Test statistics were presented by the corresponding z, the significance value (p),
and an effect size (r). Effect sizes were calculated by dividing the z-score through the
root of the number of observations. The effect size r was described indicating small
effects from r>0.1 to r<0.3, medium effects from r>0.3 to r<0.5, and large effects from
r>0.5. P-values less than 0.05 were considered statistically significant.
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Results

Descriptive analyses

Fourteen Caucasian adolescents (13 females, 1 male) participated in this study with a
median age of 17.5 years (IQR 16.0-20.3). The median BS was 6 (IQR 6-7). At baseline,
the median level of the FOPQ-C was 50 (IQR 34-61), which almost represents a high level
of pain-related fear according to the norm (score >51)."° The median level of the PCSC-C
was 26 (IQR 17-34), meaning high levels of catastrophizing thoughts about pain
according to the norm (high 226).32 For depressive symptoms, the median level of the
CDI was 19 (IQR 13-22), which indicates the adolescents were at risk for depression (cut-
off point >16).”! Baseline sociodemographic and anthropometric measurements were
presented in Table 6.2. One adolescent did not complete both PHODA-youth
measurements and the post-treatment FDI. Four adolescents did not complete the PAL
measurements due to allergic reactions from plaster (n=2) and unwilling to wear the
accelerometer (n=2) and one of them also did not complete the post-treatment PHODA-
youth. A 6" adolescent did not meet the criteria for a valid post-treatment PAL
registration; instead, a minimum of 3 weekdays with at least 10 hours of recording only
one valid weekday was measured.

Outcomes of multidisciplinary rehabilitation treatment

Compared with the pre-treatment level of disability (median 24) adolescents with
G-HSD/hEDS showed significant improvements at post-treatment (median 8), z=-3.18,
p<0.01, r=-0.61. The individual scores of the FDI are presented in Figure 6.1.

Regarding secondary outcomes, significant improvements were found in post-treatment
motor performance (z=-3.30, p<0.01, r=-0.62), knee extension muscle strength (z=-3.30,
p<0.01, r=-0.62), knee flexion muscle strength (z=-3.30, p<0.01, r=-0.62), knee extension
muscle strength endurance (z=-2.35, p<0.05, r=-0.42), and knee flexion muscle strength
endurance (z=-2.35, p<0.05, r=-0.42) compared with pre-treatment. Analyses of the non-
preferred leg were not presented, but results were comparable to outcomes, as
presented of the preferred leg. There were no statistical differences found in all post-
treatment PAL conditions compared with pre-treatment PAL conditions. Regarding
perceived harmfulness, post-treatment significant improvements were found in the total
score (z=-3.06, p<0.01, r=-0.61) and all subscales (PHODA-ADL: z=-2.67, p<0.01, r=-0.52;
PHODA-PA: z=-3.06, p<0.01, r=-0.61; PHODA-SA: z=-2.80, p<0.01, r=-0.54). Furthermore,
post-treatment significant improvements in self-reported pain intensity were found
(z=-2.79, p<0.01, r=-0.51) (Table 6.3).
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Table 6.2 Baseline sociodemographic and clinical characteristics of the study sample (n=14).

Characteristics

Age, years, median (IQR) 17.5(16.0-20.3)
Females/males, n 13/1
Hypermobility (BS), median (IQR) 6 (6-7)
Weight, kg, median (IQR) 70.7 (53.8-78.0)
Height, m, median (IQR) 1.68 (1.65-1.76)
BMI, kg/m”, median (IQR) 23.8(18.6-27.3)
Education level, n

Secondary education 7

Tertiary education 7
Duration of pain, n

3-6 months 1

6-12 months 2

1-5 years 9

>5 years 2
Absence of school, n

0-14 days 7

15-30 days 2

1-3 months 3

4-6 months 1

7-12 months 1
FOPQ-C, median (IQR) 50 (34-61)
PCS-C, median (IQR) 26 (17-34)
CDI°, median (IQR) 19 (13-22)

Abbreviations: IQR = interquartile range; BS = Beighton score; BMI = body mass index; FOPQ-C = Fear of Pain
Questionnaire-Child report; PSC-C = Pain Catastrophizing Scale for Children; CDI = Children’s Depression
Inventory. ° n=13.

Individual FDI score (pre-post treatment)

O

FDIpre FDI post

Figure 6.1 Reduction in individual Functional Disability Inventory (FDI) scores of the adolescents with
generalized  hypermobility  spectrum  disorder/hypermobile  Ehlers-Danlos  syndrome
(G-HSD/hEDS) (n=13).
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Table 6.3 Results of the primary and secondary outcomes for all time-points of measurements.
MRT (n=14) Test statistics
Pre-treatment Difference between post- and
median (range) pre-treatment (median; IQR) z p r
Functional disability
FDI 24.0 (16.5-34.3) -16.0 (-26.0 —-5.0)° -3.18 0.001 -0.61
Physical functioning
SLHD pref 99.5(93.0—132.3) 20.0(11.8-30.0) -3.30  0.001 -0.62
SLHD non-pref 111.0(92.8 -129.0) 17.0(7.5-25.3) -3.30 0.001 -0.62
PT/BW ext pref 104.8 (55.0 — 153.8) 67.3 (46.5—85.3) -3.30 0.001 -0.62
PT/BW ext non-pref 94.9 (73.3-130.5) 44.3(22.0-78.9) -3.30  0.001 -0.62
PT/BW flex pref 77.1(35.7-90.2) 36.9(23.4-52.7) -3.30 0.001 -0.62
PT/BW flex non-pref 69.7 (61.4—87.0) 26.1(22.1-38.2) -3.23 0.001 -0.61
TW ext pref 531.7 (326.2-928.4) 567.7 (241.9 — 859.5) -2.35 0.019 -0.42
TW ext non-pref 689.3 (282.3 -1286.9) 646.8 (423.3-910.2) -2.42 0.016 -0.43
TW flex pref 730.1 (340.2-1201.9) 418.9 (185.3 -667.3) -2.35 0.019 -0.42
TW flex non-pref 682.4 (310.9-1213.9) 423.2 (297.3-763.1) -2.48 0.013 -0.45
Total activity 1.4x10° (1.2x10° - 1.8x10°)°  -0.9x10" (-3.9x10° — 3.6x10°)° -0.18 0.859 -0.04
Mean activity 98.1(81.4-124.5)° 6.9 (-27.1-25.0)° -0.18 0.859 -0.04
Peak activity 1241.8 (905.0 — 1573.1)° 65.1 (-157.4 — 338.5)° -0.65 0.515 -0.15
Perceived harmfulness
PHODA ADL 16.0 (4.9 —39.0)° -13.0 (-35.0 - -2.6)° -2.67 0.008 -0.52
PHODA PA 147.0 (75.5-191.5)° -116.0 (-154.3 —-43.7)° -3.06 0.002 -0.61
PHODA SA 35.0 (9.0 —45.5)° -21.8 (7359—72.8)d -2.80 0.005 -0.54
PHODA total 189.0 (100.0 — 273.3)° -151.0(-229.3 - —47.7)d -3.06 0.002 -0.61
Pain intensity
VAS 41.3(31.6-58.2) -26.0 (-45.6 —-5.4) -2.79 0.005 -0.51

Abbreviations: pref = preferred leg; non-pref = non-preferred leg; ext = extension; flex = flexion; FDI =
Functional Disability Inventory; SLHD = single leg hop for distance; PT/BW = peak torque normalized for body
weight; TW = total work; PHODA = Photograph Series of Daily Activities; PHODA ADL = subscore daily life
activities; PHODA PA = subscore physical activities; PHODA SA = subscore social activities; VAS = visual
analogue scale; MRT = multidisciplinary rehabilitation treatment. *n=13. ®n=10. “n=9. “ n=12.

Discussion

This study demonstrated that adolescents with G-HSD/hEDS significant
improvements in functional disability following MRT. These improvements were
represented as a large effect size (r>0.5). According to the norm of the FDI, the pre-
treatment level of 24 points out of 60 is classified as moderate disability (score 13-29),
while the post-treatment median level of 8 points out of 60 represents no/minimal
disability (score 0—12).24 Thus, after MRT adolescents with G-HSD/hEDS were able to
function quite well. The decrease in functional disability (16 points) can be seen as a
clinically relevant change (FDI reduction of >7.8 points).>

Furthermore, MRT showed improvements in pain intensity. The reduction in pain (63%)
is remarkable, since MRT focused on reducing the level of disability and pain reduction

show
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was not the main goal. This finding could be attributed to improvements in propriocepsis
and deconditioning after completing the physical training sessions.® The results showed
a 63% reduction in pain intensity, which is considered as a clinically significant
improvement for average pain intensity.34

In addition, MRT showed post-treatment improvements in most subcategories of
physical functioning, such as muscle strength, muscle strength endurance, and motor
performance which is determined by coordination, balance, and joint stability. These
improvements in the physical parameters are hypothesized to be important for
compensating the physical impacts of GJH. In contrast to the improvements in the level
of functioning, the level of physical activity in daily life remains similar. A possible
explanation for this finding could be that adolescents with G-HSD/hEDS perceive their
daily life activities as improved, which is reflected by a decrease in the perceived
difficulty of performing activities at school, at home, and in recreational or social
interactions. However, the objective measurements presented as total counts did not
confirm these beliefs. Finally, MRT showed improvements in pain-related fear, measured
as perceived harmfulness. This reduction might be due to the fact that pain and fear
share some common brain networks and therefore a decrease in pain intensity might
also lead to a decrease of pain-related fear.”® The decrease in pain-related fear might
also be explained due to clarification of the condition and exposing adolescents to fear-
provoking daily life activities and movements.

It seems remarkable that despite the small sample size of this study, significant
improvements were found in most of the outcome variables with medium-to-large
effects. Earlier studies in children and adults with G-HSD/hEDS, who received physical
training only, showed comparable results regarding improvements in pain ir1tensity.36’37
In addition, a RCT study showed that a physiotherapist-prescribed exercise programme
for children with G-HSD/hEDS and hypermobile knees led to improvements in knee
muscle strength, pain reduction, and psychosocial factors.”® However, our population
had considerable disability and fear of movement, and therefore MRT was indicated.
Furthermore, the current findings regarding pain intensity and physical functioning were
also in line with results of children aged 5-16 years with G-HSD/hEDS receiving a
multidisciplinary intervention with both physiotherapy and occupational therapy.39
However, no specific attention towards psychological symptoms, such as anxiety, was
conducted, the main outcome measure was child-reported pain and no specific parent
guidance was part of the intervention. Another study with combined physical and
cognitive-behavioural therapy showed comparable results regarding improvements in
performance of daily life activities, increased muscle strength and endurance, and
reduced kinesiophobia.40 However, the participants in the study of Bathen et al.™ were
exclusively female adults, were hospitalized for 2.5 weeks as part of the treatment, and
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the cognitive-behavioural approach aimed at raising awareness of thought and patterns
in life. To our knowledge, our study is the first interventional study focusing on
outpatient rehabilitation treatment for adolescents with G-HSD/hEDS to investigate the
outcome of MRT, containing a combination of physical training and EXP, on the level of
disability, physical functioning, pain-related fear, and pain intensity.

This study has some limitations, which should be considered. The first limitation of this
study is the pre-post-test design with the lack of a control group. Overall, this limits our
ability to infer causation of any improvements observed to participation in MRT. Non-
specific factors, such as expectancy, also cannot be controlled in a single-group study
design and may play an important role in the beneficial results found in this study. A
second limitation is the small sample size in this study. Although we intended to perform
a subgroup analysis, the treatment effect in a subgroup of adolescents with G-HSD/hEDS
in the 2B-Active trial, the number of patients needed was not attained. In the current
study, we are able to present information on the progress of adolescents with
G-HSD/hEDS following MRT. A third limitation is the pre-post-treatment assessment by
the treating physiotherapist during the usual care, which could be prone to bias. To limit
the bias, a measurement protocol was used with prescribed steps to ensure the same
procedure and order of measurements, which was used in the 2B-Active trial. The fourth
limitation is the relatively large number of analyses performed. Therefore, there is an
elevated risk of a type | error. However, 16 out of the 19 analyses were considered
significant different, and even lowering a still leads to mainly significant outcomes.

The results of this study are promising and could have clinical implications. Many authors
propose MRT for adolescents with G-HSD/hEDS. *>3%4°
multidimensional and diversity of symptoms and conditions the current study suggests

In consideration of the

that a multidisciplinary approach is recommended. However, our findings are based on a
small sample size without a randomized controlled group and, as a result, this
interpretation should be treated with caution. Therefore, further studies are needed
using a randomized design with larger sample sizes, including a long-term follow-up
evaluation to investigate the effectiveness of MRT in adolescents with G-HSD/hEDS.
Furthermore, in this study we did not include measures of multi-systemic dysfunction
and fatigue, which are important constructs of functional disability.10 In particular, multi-
systemic dysfunction was related to a deteriorating level of functioning. Therefore, it
might be advisable to include these constructs in further studies and clinical practice to
identify adolescents with G-HSD/hEDS who are at risk of further decline in functioning.
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Conclusion

In adolescents with G-HSD/hEDS, MRT leads to a significantly and clinically relevant
improvement in functional disability. Furthermore, improvements in physical
functioning, perceived harmfulness, and pain intensity occurred after MRT. Although the
results of this MRT in rehabilitation care for adolescents with G-HSD/hEDS are promising,
these findings should be replicated in a study with a randomized design.
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General discussion

Chronic musculoskeletal pain (CMP) in adolescents may have a negative impact on
physical, psychological, and social functioning.l’3 Two important factors to understand
the complexity of musculoskeletal pain and explain the disabling impact of CMP are the
presence of pain-related fear® and generalized joint hypermobility (GJH).*” In this
dissertation, the influence of both pain-related fear and GJH on physical functioning in
adolescents (12-21 years) with CMP was evaluated. Knowledge of these potential factors
may enable to further disentangle the complexity of disability in adolescents with CMP.
Better understanding influences the development of tailored and personalised
treatments for hypermobile adolescents with CMP.

For many individuals, GJH can be an advantage, such as in the performance of sports and
arts.®’ However, GJH and CMP are also features of generalized hypermobility spectrum
disorder (G-HSD) and hypermobile Ehlers-Danlos syndrome (hEDS) in addition to a wide
range of other symptoms affecting musculoskeletal, gastrointestinal, cardiovascular, and
autonomic nervous symptoms.10 The terms G-HSD/hEDS replaced the old nomenclature
of joint hypermobility syndrome (JHS) and Ehlers-Danlos syndrome hypermobility type
(EDS-HT) according to recently established unified criteria.™"*? Within this dissertation
we referred to G-HSD/hEDS as a general denominator of GJH-related disorders with CMP
to cover the new and historical diagnoses. Therefore, it should be noted that the
consequences of these new unified criteria for patient demographics and disease
characteristics are unknown yet.

In this general discussion, first the main results presented in this dissertation are
summarized and discussed. Then, the implications for clinical practice, methodological
considerations, and recommendations for future research are discussed. Finally,
conclusions are drawn.

Main findings

In the topical review presented in chapter 2 we hypothesized that GJH and pain-related
fear are both important factors in the development and maintenance of CMP eventually
leading to disabling pain in adolescents with G-HSD/hEDS. The fear-avoidance model
(FAM) explains the disabling role of pain-related fear in adolescents and adults with
cMP. B we proposed an applied FAM to explain the hypothesized interaction between
GJH and pain-related fear (Figure 7.1).
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Figure 7.1 The applied fear-avoidance model for adolescents with G-HSD/hEDS.

GJH is hypothesized to make adolescents more vulnerable for developing CMP. This is
due to an increased risk of (re)injury and experiencing more frequent musculoskeletal
pain, eventually leading towards the diagnosis of G-HSD/hEDS. Pain-related fear is
defined as fear that emerges when stimuli that are related to pain are perceived as a
main threat, such as fear of movement, fear of injury or fear of pain15 and is assumed to
play a core factor in the underlying mechanism explaining the level of disability in
adolescents actually diagnosed with G-HSD/hEDS. Results of previous performed cross-
sectional studies showed that at least 75% of the individuals with G-HSD/hEDS had

. 16,17
increased levels of fear of movement.

Furthermore, fear of pain or injury were
barriers to exercise and led to reduced or altered activities in individuals with
G-HSD/hEDS."®* Also generalized anxiety and other fear-related psychiatric conditions,
such as panic and anxiety disorders, have a high incidence in individuals with G-
HSD/hEDS (range 41.4%-73.1%).”°% Thus, this higher incidence of pain-related fear and
other anxiety-related problems are common in individuals with G-HSD/hEDS and might
initiate the cascade of the cognitive/affective responses in the FAM leading to avoidance
behaviour. As a consequence of hypermobility, adolescents are more vulnerable for
developing CMP. And once being in pain, pain-related fear makes it even worse leading
to a higher level of pain-related disability.

Avoidance behaviour aims at postponing or preventing a potential aversive situation.
Adolescents with G-HSD/hEDS tend to avoid sports and outdoor games, probably due to
an increased risk of injury and joint instability. Furthermore, adolescents with

120



General discussion

G-HSD/hEDS also report a higher need to rest.”* Even in adolescents with asymptomatic
GJH results showed that these pain-free adolescents prefer more static activities, such as
cycling and walking, and tend to avoid dynamic activities, such as sports.25 Although
avoidance would suggest a lower level of activity, this assumption was not confirmed in
a study in which the level of physical activity was measured based on accelerometry in
adolescents with asymptomatic GJH compared to non-hypermobile controls.”®
Furthermore, many individuals with GJH take advantage from their flexible joints and
excel in sports and the performance arts.*® However, there is a difference in activity-
related behaviour in asymptomatic GJH compared to the behaviour in adolescents with
G-HSD/hEDS. In adolescents with G-HSD/hEDS avoidance behaviour is maladaptive and
seems to be a coping strategy to avoid (re)injury and prevent injury, and thus
musculoskeletal pain. As proposed in the FAM, avoidance behaviour may lead to
disability, depression, and disuse and eventually to physical deconditioning. Specifically,
in adolescents with G-HSD/hEDS physical deconditioning has additional adverse
consequences. Their compensation mechanism, essential for joint stability, might fail

. . . . . 27-30 24,31
leading to proprioceptive impairment and decreased balance

31,32

, which in turn may
lead to an increased risk of injury and affect gait patterns.
Based on the applied FAM, it is proposed that higher levels of pain-related fear lead to a
higher level of disability in adolescents with G-HSD/hEDS. Therefore, in the cross-
sectional study presented in chapter 3, it was evaluated whether the association
between pain-related fear and disability in hypermobile adolescents with CMP differs
from that in non-hypermobile adolescents with CMP. Findings of this study indicated
that hypermobile adolescents with CMP had comparable levels of pain-related fear and
perceived harmfulness of balance-related activities compared to non-hypermobile
adolescents with CMP. Pain-related fear was measured with the Fear of Pain
Questionnaire-Child report (FOPQ-C) and the perceived harmfulness of balance-related
activities with an expert-developed subscale (PHODA-balance). In addition, although
hypothesized, our study did not confirm that GJH and pain-related fear reinforced each
other. No interaction effect could be identified between GJH and pain-related fear when
testing their contribution to the perceived level of disability. Furthermore, the analysis
did show that a higher level of pain-related fear was associated with a higher level of
disability in adolescents with CMP, despite being hypermobile or not. This is in
accordance with previous findings of the growing evidence on the negative role of pain-
related fear in adolescents with CMpP.****

Results of earlier studies were inconclusive regarding the assumed lower physical
functioning level in adolescents having asymptomatic GJH, which is a pain-free
condition. Some studies indicated that asymptomatic GJH was associated with a
decreased level of daily activity and muscle strength.g’s'37 However, other studies could
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not confirm a reduction in muscle strength and an altered physical activity level in
individuals with asymptomatic GJH compared to non-hypermobile controls.”**%%
Therefore, in chapter 4, it was evaluated whether adolescents with asymptomatic GJH
have a lower level of physical functioning compared to non-hypermobile healthy
adolescents. Furthermore, the potential role of pain-related fear on physical functioning
was evaluated. The results showed that adolescents with asymptomatic GJH had
comparable levels of physical functioning (measured as muscle strength, muscle
strength endurance, motor performance, and physical activity level [PAL]) compared to
non-hypermobile healthy adolescents. The level of perceived harmfulness, as measured
with the Photograph Series of Daily Activities for youth (PHODA-youth), did not differ
between adolescents with asymptomatic GJH and non-hypermobile controls. We need
to consider that in the study presented in chapter 4, pain-related fear was measured
using the PHODA-youth. In a pain-free population it is recommended to use a more
generic tool, such as the Tampa Scale for Kinesiophobia (TSK), to measure pain-related
fear.”” However, it should be noted that the psychometric properties of the TSK are
questionable in identifying who is fearful.** Therefore, the PHODA-youth might be more
appropriate, since this instrument has very clear instructions how to specify
activities/situations perceived as harmful for an adolescent and so the PHODA-youth
provides information about which age-specific activities and social situations an
adolescent fears or avoids. Further research is needed to evaluate the use of the
PHODA-youth in a pain-free population.

In chapter 5 we evaluated whether adolescents with both CMP and GJH, adolescents
with CMP and without GJH, adolescents without CMP but with GJH, and adolescents
without CMP or GJH differ in aspects of physical functioning, such as muscle strength,
muscle strength endurance, motor performance, and PAL. Furthermore, we examined
differences in pain-related fear between these groups and evaluated whether the
potential contribution of pain-related fear on physical functioning varied between these
groups. Results showed that adolescents with CMP, despite being hypermobile or not,
had decreased knee flexion muscle strength, decreased knee extension and flexion
muscle strength endurance, and lower motor performance related to balance,
coordination, and joint stability compared to adolescents without CMP. This finding is
independent of the finding whether an adolescent is also having GJH or not. This
reduction in functioning of adolescents with CMP was reported before. Previous studies
showed decreased knee, hip, back, and abdominal muscle strength and a reduction in

3,42,43
These

motor performance in adolescents with CMP compared to pain-free controls.
studies included populations with age and diagnosis in accordance with our population.
In addition, also the reported scores on self-reported measures of disability (Functional

Disability Inventory [FDI], average score of 23.8 + 10.2) in the study of Sil et al.® were
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comparable to results in our study (average 23.8 + 9.4). Both can be classified as
moderately disabled (range 13-29)." A discrepancy between the studies did however
exist, two of the three studies had a higher percentage of boys in their population
(40-54%) compared to the population in this study in chapter 5 (10%).>*

is important to consider that the decreased muscle strength and lower motor

Nevertheless, it

performance as identified might also be due to pain experienced during testing and/or
pain-related fear. As a result, adolescents with CMP might decide to stop prematurely or
perform submaximal, resulting in a lower score.”® A remarkable finding is that results of
chapter 5 also indicated that (hypermobile and non-hypermobile) adolescents with CMP
and pain-free controls had comparable physical activity levels, despite the discrepancy in
muscle strength and motor performance between these groups. Data from 1.6 million
school-going adolescents (aged 11-17 years) worldwide showed that the majority (77.6%
boys and 84.7% girls) did not meet current physical activity guidelines according to the
WHO recommendation (at least 60 min of daily physical activity of moderate-to-vigorous
intensity),46 This might imply that adolescents nowadays are less active and that possible
differences in daily life activities related to CMP are not that distinctive. The finding that
the level of daily life activities assessed with accelerometry did not differ between
adolescents with CMP and/or GJH compared to pain-free controls and/or GJH was in
accordance with results reported in adults with pain.47 This could suggest that, if
restoring a normal pattern of daily functioning would be the main outcome of
multidisciplinary rehabilitation treatment; adolescents with CMP and/or GJH are not
eligible for multidisciplinary rehabilitation treatment. However, the main aim of
multidisciplinary rehabilitation treatment is far more than restoring a normal pattern of
daily functioning and should focus on reducing disability in terms of activity limitations
and participation restrictions, improving quality of life and societal functioning, as well as
participation in sports and leisure activities. Furthermore, multidisciplinary rehabilitation
treatment should be adapted based on a patient’s needs and context. Therefore,
adolescents with G-HSD/hEDS experiencing disability, a lower quality of life and/or
restricted societal functioning are indeed eligible for multidisciplinary rehabilitation
treatment. The finding of unchanged physical activity levels will even more emphasize
that the decrease in physical functioning (such as muscle strength and endurance, and
motor performance) in adolescents with CMP, despite being hypermobile or not, could
be due to pain-related fear negatively influencing test scores of physical functioning.

Earlier findings in the literature did however show that psychological distress, such as
anxiety and depression, indeed had a significant impact on disability in individuals with
G-HSD/hEDS, indicating higher levels of disability with increasing levels of psychological
distress.* Furthermore, the results of chapter 3 already showed that pain-related fear
was not more pronounced in hypermobile adolescents with CMP compared to non-
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hypermobile adolescents with CMP. Taken together these findings with results of
chapter 3 and 5 seem to imply that in the chronicity of musculoskeletal pain the level of
pain-related fear is associated with disability or decreased physical functioning, despite
being hypermobile or not. These results do not confirm our hypothesis that pain-related
fear would be more prominent in adolescents with G-HSD/hEDS compared to non-
hypermobile adolescents with CMP as presented in the applied FAM. A possible
explanation could be that the selected adolescents with CMP in the studies presented in
chapter 3 and 5, who were referred to the university outpatient rehabilitation clinic
specialised in pain rehabilitation, already experience long-term disabling pain complaints
resulting in a decline of daily functioning and physical deconditioning in both the
hypermobile and non-hypermobile group. As has been shown in earlier studies, being
hypermobile will make an individual more vulnerable to develop CMP.%” The increased
prevalence of GJH in the CMP population (28-35%) compared to the pain-free
population (18%) seems in line with the fact that hypermobility can be considered as a
risk factor for getting CMP. However, once an individual experiences CMP, especially
psychosocial factors, such as pain-related fear and catastrophizing, seem to contribute
to a decrease in physical functioning or an increase in disability, and not hypermobility.

In chapter 6, in a pre-post-test design study, changes in the level of disability, physical
functioning, perceived harmfulness, and pain intensity as a result of completing
multidisciplinary rehabilitation treatment in adolescents with G-HSD/hEDS were found.
According to the applied FAM (chapter 2), in which it is hypothesized that GJH and pain-
related fear are important factors and can even strengthen each other in the
development and maintenance of disabling CMP, the treatment consisted of physical
training and a targeted cognitive-behavioural therapy intervention; exposure in vivo
(EXP). Physical training focused on improving aerobic capacity, muscle strength, and
propriocepsis to compensate for the physical negative consequences in adolescents with
G-HSD/hEDS. EXP focused on reducing pain-related fear, by exposing the adolescents to
activities of daily living and movements to test catastrophic cognitions. Results showed
that this multidisciplinary rehabilitation treatment leads to a significantly and clinically
relevant improvement (67%) in the level of functional disability (r=-0.61). Furthermore,
muscle strength, motor performance, perceived harmfulness, and pain intensity
improved significantly (r between -0.45 to -0.62). Despite the fact that the main goal of
this multidisciplinary rehabilitation treatment was to reduce the level of disability, the
63% reduction in pain intensity is remarkable. In adolescents with CMP, a
multidisciplinary rehabilitation treatment consisted of only EXP demonstrated positive
effects on functional disability, pain-related fear, pain catastrophizing, and pain
intensity.*” However, the reduction in pain intensity (33%) after EXP was far more limited
as compared to the 63% pain decrease as a result of the combined treatment of physical
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training and EXP. This increased reduction in pain intensity for the combined treatment
could be an additional effect of the physical training in this hypermobile population. A
potential explanation could be that physical training may result in improvements in
propriocepsis, aerobic capacity, and muscle strength in adolescents with G-HSD/hEDS
and might restore the compensation mechanism, essential for joint stability to
compensate for joint laxity, as proposed in the applied FAM. These physical
improvements can potentially lead to better motor control and balance and might play a
protective role in micro (re)injuries, potentially leading to a lower level of pain. The
results of chapter 6, although based on a small sample size and a pre-post-test design,
seem to indicate that multidisciplinary rehabilitation treatment is indeed a legitimate
treatment for reducing disability by focussing on the different elements of the applied
FAM (chapter 2). This leads to the remarkable finding, that although the studies in
chapter 3 and 5 did not confirm our hypothesis underlying the applied FAM that pain-
related fear would be more prominent in adolescents with G-HSD/hEDS, our
intervention seem to improve both physical and psychosocial factors. How can these
contradicting outcomes of the different chapters further unravel the complex puzzle of
disabling CMP in adolescents with G-HSD/hEDS and lead to clinical implications in daily
practice?

Implications for clinical practice

The result of this dissertation contribute to identify which adolescents might be at risk
for persistent pain and pain-related disability. A previous study showed that adolescents
with functional abdominal pain and higher levels of pain-related anxiety are at risk of
persistent pain and disability throughout adulthood.”® The data presented in this
dissertation showed that pain-related fear is associated with disability (chapter 3) and
lower physical functioning levels (chapter 5) in adolescents with CMP, despite being
hypermobile or not, compared to adolescents without CMP. In addition, results from
pain-free adolescents with GJH (chapter 4) showed no altered physical functioning levels
and no different level of pain-related fear as compared to non-hypermobile pain-free
adolescents. Since especially pain-related fear seems to be disabling, early detection of
pain-related fear in primary care, for instance by a GP or paediatrician or paediatric
physical therapist, is warranted. Combining this with prognostic factors and risk factors
for chronic pain may identify adolescents with CMP in an early stage who are at risk to
further develop disabling CMP. One of the measurements that can be used to detect
pain-related fear in adolescents with CMP is the Fear of Pain Questionnaire-Child version
(FOPQ-C), which is also recently validated in the Dutch language.”® Early intervention of
pain-related fear is likely to improve pain-related outcomes and may be potentially
protective for long-term outcomes.
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Many Dutch patients with CMP perceived their treatment as inadequate.52 A reason
could be that the complexity of the patient’'s pain problem does not match the
treatment delivered by the health care professionals, resulting in an ineffective
treatment and unnecessary costs. Therefore, it is recommended that health care
professionals in primary care thoroughly assess the adolescent’s pain problem, identify
the adolescent’s needs, be aware of the influencing psychosocial factors, such as pain-
related fear, and if applicable make use of generic and specific measurements. After this
assessment, a decision can be made matching the complexity of the pain problem and
allowing the adolescent to get the right care at the right time. And this means, in case of
minimal disability in daily life activities with only restricted influence of psychosocial
factors, health care professionals in primary care should use a biopsychosocial approach
and focus on supporting the adolescent to get active and functioning age appropriate
despite pain.1 However, once adolescents with CMP, despite being hypermobile or not,
have moderate to severe levels of disability in daily life activities and associated
influencing psychosocial factors multidisciplinary rehabilitation treatment is
recommended.

The pre-post-test study (chapter 6) showed that multidisciplinary rehabilitation
treatment consisted out of physical training and EXP led to significant improvements in
disability, physical functioning, perceived harmfulness, and pain intensity in adolescents
with G-HSD/hEDS. Previous studies, solely focusing on exercise as a cornerstone of the
treatment in adults with G-HSD/hEDS, also showed post-treatment improvements in
773 These

studies were conducted in a predominantly adult population to which a 8-week exercise

pain intensity and indicated this as a result of improvement in propriocepsis.

programme mainly consisting out of proprioceptive exercises was provided. In contrast,
our intervention was designed for an adolescent population consisted of a 8-week
physical training module also aimed to improve aerobic capacity and muscle strength,
alongside propriocepsis. The cardiovascular and musculoskeletal training parameters in
our study were based on criteria of the American College of Sports Medicine and the
National Strength and Conditioning Association for adolescents.””** Other uncontrolled
clinical studies used multidisciplinary treatments in adults with G-HSD/hEDS combining
physical therapy and cognitive-behavioural therapy, but did not specifically focus on

. . 56,57
reducing pain-related fear.

Improvements were found in several outcomes (such as
perceived performance of daily activities, muscle strength, self-efficacy, and depression)
covering both physical and psychological factors, suggesting that multidisciplinary
treatment with a cognitive-behavioural approach might be feasible for adults with G-
HSD/hEDS. Unfortunately, these studies overall are limited in size and quality and need

. . . . 58,59
further evidence with more rigorous research designs.
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The results in this dissertation seemed to imply that in future multidisciplinary
rehabilitation treatment for adolescents with G-HSD/hEDS, who have moderate to
severe disability, it is important to focus also on psychological components, such as pain-
related fear, catastrophizing thoughts, and generalized anxiety. We would like to
propose a model in which the different elements during the analysis phase and the
potential multidisciplinary rehabilitation treatments elements are presented (Figure 7.2).

Population | | Analysis | | Treatment |
Adolescents with Presence of Physically
G-HSD/hEDS pain-related YES capable for YES
experiencing fear as main = | performing —_—
disabilities, lower construct of daily life
quality of life, disability activities
and/or diminished
societal NO Combination of
functioning physical training

and exposure in
vivo

Figure 7.2 Multidisciplinary rehabilitation treatment for adolescents with G-HSD/hEDS and considerable
disability.

During the analysis phase the different constructs related to disability should be
explored. The presence of pain-related fear as the main construct of disability needs to
be identified. Questionnaires such as the FOPQ-C and the PHODA-youth can be helpful
for the multidisciplinary rehabilitation team. Furthermore, as mentioned earlier, physical
deconditioning as a result of long-term avoidance behaviour and lower activity levels
might lead to additional physical negative consequences, such as decreased muscle
strength, cardiorespiratory fitness, and balance in adolescents with G-HSD/hEDS. These
lower scores on objectively assessed physical functioning measures are hypothesized to
deteriorate the compensation mechanism essential for joint stability. Therefore, these
lower scores might increase the risks of (re)injury and falls causing the onset of a new
episode of musculoskeletal pain and perpetuating the vicious circle of disabling pain and
thus essential to address during the analysis phase. In addition, the physiotherapist
should be aware of pain experience and pain-related fear during the assessment.
Therefore, adolescents with G-HSD/hEDS might decide to stop or perform submaximally,
resulting in a lower physical score, which is not representative for the physical
capabilities.

Afterwards, a tailored multidisciplinary rehabilitation treatment can be chosen based on
the analysis performed. If pain-related fear is present and the adolescents with
G-HSD/hEDS are physically capable of performing daily life activities, EXP might be the

127



Chapter 7

preferable intervention to restore normal pattern of daily functioning by reducing pain-
related fear and catastrophic thinking. However, if decreased physical functioning
components (such as muscle strength, cardiorespiratory fitness, and balance) are
present which interfere with the capability of performing daily life activities,
multidisciplinary rehabilitation treatment should contain a specific condition-creating
physical training focusing on improving the adverse physical components due to
deconditioning followed by EXP.

From a clinical perspective, many adolescents with G-HSD/hEDS who received the
combined treatment of physical training and EXP reported already an increase in self-
esteem during the physical training weeks and translated this in increased performance
of valuable daily life activities. These adolescents might have already experienced a
decrease in pain-related fear and catastrophic thoughts before the start of EXP. In
addition, the increase of self-esteem might also be due to a reduction of pain intensity
that could potentially be started to decrease as a result of the physical training. Pain
reduction could also be due to a decreased attention towards pain. A recent study
showed that low self-esteem could be an important factor in the maintenance of chronic
pain in adolescents.” Furthermore, during adolescence lower levels of self-esteem were
associated with higher levels of anxiety and depressive symptomsm, which are both
associated with CMP.®* Therefore, measuring self-esteem could be of interest in further
studies and clinical practice. Unfortunately, we only measured before and after the
multidisciplinary rehabilitation treatment and did not assess the situation in between:
after completion of the physical training before EXP starts. Therefore we cannot
determine the exact level of pain reduction during the physical training part alone. In
future, it would be favourable to add measurements at the end of the physical training.
Furthermore, follow-up measurements are warranted to determine changes over time.

Methodological considerations

The studies presented in this dissertation focused on the role of having GJH, having CMP,
and the potential influence of pain-related fear on physical functioning and disability
within adolescents with G-HSD/hEDS. Therefore, these studies contribute to further
unravel the complex puzzle of disabling CMP in adolescents with G-HSD/hEDS. Better
understanding leads to better tailored and personalised interventions. In the following
paragraphs we will focus on a number of methodological issues that we encountered.

A limitation to this work is the result of a major change in the diagnostic criteria of
G-HSD/hEDS in 2017, the former joint hypermobility syndrome (JHS)/Ehlers-Danlos
syndrome hypermobility type (EDS-HT). These new diagnostic criteria led to a change in
the classification and nomenclature of symptomatic GJH-related disorders according to
updated criteria and cut-off points of the BS. The updated criteria recommended now
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for clinical use in adults a BS with a cut-off point of 5 out of 9 and in children and
adolescents up to 18 years a BS with a cut-off point of 6 out of 9. However, the cross-
sectional study described in chapter 3 was already conducted according to the former
criteria with a cut-off point of 5 out of 9 of the BS for all adolescents (aged 11-21
years).64 In case updated criteria would be applied, the prevalence of hypermobility in
adolescents with CMP changed from 35% (40/116) to 26% (30/116) in chapter 3.
Additionally, new criteria would not result in a significant change in findings for the study
as presented in chapter 3. This percentage of hypermobility (26%) identified based on
new calculations on data in the study of chapter 3 might be comparable to the findings
in chapter 5, in which 9 of the 30 adolescents with CMP had GJH (28%). Furthermore, as
mentioned before we used G-HSD/hEDS in this dissertation as an umbrella term to cover
the new and old nomenclature of GJH-related disorders with CMP. Therefore, it should
be noted that it is currently unknown what the consequences are of these new unified
criteria for patient outcomes and disease characteristics.

Although the BS is the most widely used tool for identifying GJH in clinical practice and is
considered to be a reliable measure®, the validity of the BS for identifying whole body
hypermobility is still a topic for debate. The BS is dominated by tests of the upper
extremity. As two out of nine scores, only (double sided) knee extension is included as a
test for hypermobility related to the lower limb.% In addition, the BS does not include
tests for the shoulder or radioulnar joint, whereas the shoulder is most commonly
identified as unstable in patients with G-HSD/hEDS® and the radioulnar joint is a
common affected body region.67 Recently, other instruments such as the Lower Limb
Assessment Scale and the Upper Limb Hypermobility Assessment Tool specific
addressing multiple joints are reliable and valid measurements in identifying lower limb

68,69 .. .
The clinical use of these tools seems evident

and upper limb hypermobility, and GJH.
when individuals present predominantly lower or upper limb symptoms. Further
research is needed to determine the ideal test or combination of tests to identify GJH.

Another limitation to this work is the cross-sectional design we used in studies presented
in chapter 3, 4 and 5. And in addition, also the studies reported in chapter 2 that support
the individual associations within the hypothesized applied FAM were mostly cross-
sectional in nature, with only a few evaluating more than one aspect of the FAM.
Therefore, no causal relationship could be confirmed. However, at this moment there
are only a limited number of studies with a longitudinal design conducted in adolescents
with G-HSD/hEDS and evidence on the potential role of pain-related fear is scarce.
Therefore, these studies adds to further unravel the role of pain-related fear in the
mechanism of disabling G-HSD/hEDS. In addition, the pre-post-test design, used in
chapter 6, lacks a control group. Again, this limits the ability to infer causality of any
improvements observed as a single effect of participation in multidisciplinary
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rehabilitation treatment. However, this feasibility study could be the prelude to further
studies with more rigorous research designs. Furthermore, the findings of the studies,
described in chapter 4, 5 and 6, are based on rather small sample sizes within the
asymptomatic GJH and G-HSD/hEDS population, that could have resulted into bias.
However, to our opinion, this assumption seems not to be the case, since the
percentage of hypermobility in the patient groups is comparable to that in other studies,
despite the different cut-off points of the BS.

We need to consider that studies in this dissertation included adolescents with long-
term disabling pain complaints, in an university outpatient rehabilitation clinic
specialised in pain rehabilitation. Therefore, our results might be specific to this
population in this setting and this is important to consider when generalizing the results
to other populations or settings.

The focus of this dissertation is specifically on pain-related fear and its relation to
disability in adolescents with G-HSD/hEDS. This focus is chosen, since we used the
theoretical FAM as a framework for our hypotheses. As a result, other important
constructs in explaining disability, such as multi-systemic dysfunction and fatigue, were
not included.” There is also growing evidence of autonomic nervous system dysfunction
in G-HSD/hEDS contributing to disability and decreased quality of life.”*”* Furthermore,
parental/family influences have a strong influence on adolescent pain experience,
maintenance of pain behaviour, and disability.73’74 Therefore, health care professionals
should be aware of the various constructs in explaining disability in adolescent with
G-HSD/hEDS. Although recognized as important, these factors were beyond the scope of
this dissertation.

Recommendations for future research

To further unravel the complexity of disabling CMP in adolescents with G-HSD/hEDS
several suggestions for further research can be given.

The cross-sectional studies in this dissertation showed that pain-related fear is an
important determinant of a decrease in physical functioning and disability in adolescents
with G-HSD/hEDS. Furthermore, in adolescents with asymptomatic GJH compared to
non-hypermobile controls no differences in physical functioning and pain-related fear
were found. More insight in physical and psychological functioning of adolescents with
GJH, especially before the onset of CMP, will help to unravel the influence of GJH,
physical and psychological functioning in adolescents who will or will not develop CMP.
Therefore, longitudinal studies are warranted to examine associations over time.
Furthermore, the results of the pre-post-test design showed improvements in disability,
pain-related fear, physical functioning, and pain intensity and are promising. Therefore,
new studies are warranted to further investigate the effectiveness of this
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multidisciplinary rehabilitation treatment. An RCT is considered as the gold standard to
evaluate treatment effectiveness. However, RCT’s are time consuming, the execution
requires funding and resources, and struggles with sample size are common difficulties.
A favourable design could be single-case design which allows for tailoring and
customizing the multidisciplinary rehabilitation treatment. Each patient functions as its
own control and single-case designs are considered to be more compatible with clinical
practice than a RCT.” Furthermore, a lower sample size is required and this is preferable
in a less prevalent condition such as G-HSD/hEDS. Thus, a single case design would be
recommended to further investigate the effectiveness of the combined treatment of
physical training and EXP. In addition, further studying the tailored multidisciplinary
rehabilitation treatment based on the analysis performed as proposed in Figure 7.2
could be of interest.

Finally, more research is needed that incorporates other constructs related to disability
in adolescents with G-HSD/hEDS. As described previously fatigue, multi-systemic
dysfunction, autonomic dysfunction, and parental influence are constructs who might
contribute to explaining disability. Better understanding of these factors and recognition
in clinical practice allows to better identify adolescents who may be vulnerable for
disabling pain and might lead to tailored interventions aimed at decreasing pain-related
disabilities and increasing quality of life.

General conclusion

This dissertation showed that pain-related fear is an important determinant of a
decrease in physical functioning and disability in adolescents with CMP, despite being
hypermobile or not. Furthermore, adolescents with asymptomatic GJH had no lower
level of physical functioning and experienced no pain-related fear compared to non-
hypermobile controls. The intervention study, consisting out of a multidisciplinary
rehabilitation treatment with physical training and EXP showed improvements in
disability, physical functioning, perceived harmfulness, and pain-intensity in adolescents
with G-HSD/hEDS. More tailored multidisciplinary rehabilitation treatments are needed
to better enable these adolescents to optimally participate in society.
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Summary

Chronic musculoskeletal pain (CMP) is one of the most frequently reported pain
complaints in adolescents and has a considerable disabling impact. In most cases, a
specific somatic cause of CMP cannot be identified, and is defined as non-specific.
Therefore, a biopsychosocial approach in the management of CMP is recommended and
focussed on the complex interaction between physiological, psychological, and social
factors. Two important factors which might contribute to understand the complexity and
explain the disabling impact of CMP are pain-related fear and generalized joint
hypermobility (GJH). Therefore, the objective of this dissertation is to evaluate the
specific influence of both pain-related fear and GJH on physical functioning in
adolescents with CMP. GJH and CMP are also features of generalized hypermobility
spectrum disorder (G-HSD) and hypermobile Ehlers-Danlos syndrome (hEDS), both
symptomatic conditions without a specific genetic profile. Knowledge of these potential
negative factors enables to further unravel the mechanism of disabling CMP in
adolescents with G-HSD/hEDS and might lead to better tailored interventions.

Chapter 2, a topical review, describes the current state of evidence summarized and
presented in an applied theoretical fear-avoidance model (FAM), which is a cognitive-
behavioural framework, that proposes the role of GJH and pain-related fear as
determinants for CMP-related disability in adolescents with G-HSD/hEDS. It is assumed
that GJH seems to make adolescents more vulnerable for developing CMP due to an
increased risk of (re)injury and a frequent experience of musculoskeletal pain. In
addition, a vulnerability for pain-related fear and anxiety is proposed as core factor in
the underlying mechanism explaining the level of disability in adolescents with
G-HSD/hEDS. It is proposed that pain-related fear and anxiety cause avoidance
behaviour. Long-term avoidance may lead to disuse, depression, and disability and
eventually physical deconditioning, further fuelling the vicious circle of CMP. In
adolescents with G-HSD/hEDS, specifically, physical deconditioning is hypothesized to
have additional negative consequences. Their compensation mechanism, essential for
joint stability to compensate for joint laxity, might fail resulting in impaired
propriocepsis, balance, and body posture, which in turn might lead to an increased risk
of injury and affect gait patterns. Therefore, in explaining disability, it is important to
focus on both the negative physical components related to joint hypermobility, in
tandem with the psychological components such as pain-related fear in adolescents with
G-HSD/hEDS. Although scientific confirmation of this FAM applied to G-HSD/hEDS seems
warranted, many studies are cross-sectional and therefore the suggested mechanism
should be interpreted with caution.
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In chapter 3, we studied whether pain-related fear and joint hypermobility are related,
and even reinforced each other, resulting in a higher level of disability in adolescents
with CMP. In this cross-sectional study 116 adolescents with CMP participated, who
were referred to the university outpatient rehabilitation clinic specialised in pain
rehabilitation. The adolescents completed web-based questionnaires, which were part
of regular health care procedure. The population was predominantly female with a mean
age of 16.0 years and 40 (35%) of them had joint hypermobility measured with the
Beighton score. Based on a hierarchical regression analysis, with disability as the
dependent variable, the hypothesis that heightened pain-related fear is a vulnerability
leading to disability in hypermobile adolescents with CMP was tested. The results
showed that only pain-related fear and perceived harmfulness, as a construct of pain-
related fear, were associated with a higher level of disability in adolescents with CMP,
despite being hypermobile or not. There were no differences in pain-related fear and
perceived harmfulness between non-hypermobile and hypermobile adolescents with
CMP. Having GJH probably makes an adolescent more vulnerable to developing chronic
pain, but once an adolescent has chronic pain, especially pain-related fear is the factor
associated with disability.

Earlier studies showed contradicting results of having asymptomatic GJH on physical
functioning. Some studies reported lower levels of physical functioning, however other
studies showed no differences in physical functioning. Therefore, in chapter 4, the focus
was on physical functioning (muscle strength, motor performance, and physical activity
level) and the potential negative influence of pain-related fear on physical functioning in
adolescents with asymptomatic GJH compared to non-hypermobile controls. Sixty-two
healthy adolescents participated in this cross-sectional study. The mean age was
16.8 years, approximately 75% was female and 18% had asymptomatic GJH measured
with the Beighton score. Muscle strength and endurance were measured with an
isokinetic dynamometer (Biodex) and motor performance was assessed based on the
single leg hop for distance. Physical activity measurement took place using a tri-axial
accelerometer (AX3). The Photograph Series of Daily Activities for youth (PHODA-youth)
measured perceived harmfulness, as a construct of pain-related fear. Hierarchical
regression analyses were used to evaluate whether adolescents with asymptomatic GJH
had decreased physical functioning levels compared to non-hypermobile adolescents. In
addition, the potential negative role of pain-related fear was evaluated. The results
indicated that adolescents with asymptomatic GJH had no lower physical functioning
levels, regarding muscle strength and endurance, motor performance, and physical
activity level compared to non-hypermobile controls. Results also showed that the level
of perceived harmfulness was very low on all subscales related to the total score range
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in these pain-free adolescents and did not differ between the hypermobile and non-
hypermobile adolescents.

Chapter 5 further focused on untangling the influence of having GJH, having CMP, and
pain-related fear on physical functioning in adolescents. In this cross-sectional study four
subgroups of adolescents were included: 21 adolescents with CMP and without GJH,
9 adolescents with both CMP and GJH, 51 adolescents without CMP and without GJH,
and 11 adolescents without CMP and with GJH. The adolescents with CMP were
recruited by a physician in rehabilitation medicine in the university outpatient
rehabilitation clinic specialised in pain rehabilitation. The healthy adolescents without
CMP were recruited in the same period as the adolescents with CMP. Therefore, the
composition of the adolescent population without CMP was based on age and gender of
the adolescents with CMP. As outcome variables: muscle strength and endurance
(dynamometer), motor performance (single leg hop for distance), physical activity level
(accelerometry), and pain-related fear (PHODA-youth) were assessed. Hierarchical
regression analyses were used to study the level of physical functioning, as dependent
variable, and the contribution of pain-related fear in adolescents with/without CMP as
well as with/without GJH. Results showed that adolescents with CMP, despite having
GJH or not, had decreased muscle strength and endurance and lower motor
performance related to balance, coordination, and joint stability compared to pain-free
adolescents (with/without GJH). There were no differences in PAL between adolescents
with CMP (with/without GJH) and adolescents without CMP (with/without GJH). The
results again showed that higher levels of pain-related fear, identified in adolescents
with CMP, were associated with decreased muscle strength and endurance and lower
motor performance. It should be considered that an increased level of pain-related fear
might also interfere with physical assessment itself. Adolescents with pain-related fear
might decide to stop the assessment or perform submaximally, resulting in a lower
score. In addition, the influence of pain-related fear on physical functioning did not differ
between hypermobile and non-hypermobile adolescents with CMP. These results
suggested that once adolescents have CMP, despite having GJH or not, the level of pain-
related fear is the contributing factor to a lower level of physical functioning.

The results of a study using a pre-post-test design evaluating multidisciplinary
rehabilitation treatment in 14 adolescents (1 male) with G-HSD/hEDS were presented in
chapter 6. The multidisciplinary rehabilitation treatment consisted out of a combination
of physical training, which focused on improving aerobic capacity, muscle strength, and
propiocepsis to compensate for the physical negative consequences, and a targeted
cognitive-behavioural treatment; exposure in vivo, which focused on reducing pain-
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related fear. Results showed that adolescents with G-HSD/hEDS had significant and
clinically relevant improvements (67%) in the level of functional disability, which was the
main outcome. Furthermore, significant post-treatment improvements were found in
muscle strength and endurance, motor performance, perceived harmfulness, and pain
intensity. The reduction in pain intensity (63%) was remarkable, since pain reduction was
not a goal of multidisciplinary rehabilitation treatment. Although the results of this
multidisciplinary rehabilitation treatment in adolescents with G-HSD/hEDS are
promising, our findings are based on a small sample size without a controlled group and
therefore should be treated with caution.

In chapter 7, a general discussion on the main findings of this dissertation is provided.
The studies in this dissertation focused on the role of having GJH, having CMP, and the
potential influence of pain-related fear on physical functioning and disability within
adolescents with G-HSD/hEDS. Therefore, knowledge of these elements contribute to
further unravel the mechanism of disabling pain in adolescents with G-HSD/hEDS and
might lead to better tailored interventions. Based on the results of this dissertation, it
became clear that pain-related fear is an important determinant of diminished physical
functioning and disability in adolescents with CMP, despite having GJH or not. Since,
especially pain-related fear seems to be disabling, early detection of pain-related fear in
primary care is warranted to identify adolescents who are at risk to further develop
disabling CMP. In future tailored multidisciplinary rehabilitation treatment for
adolescents with G-HSD/hEDS, who have considerable disability, it is important to focus
especially on psychological components, such as pain-related fear, catastrophizing
thoughts, and generalized anxiety to better enable these adolescents to optimally
participate in society. Exposure in vivo might be the preferable intervention to restore
the normal pattern of daily functioning by reducing pain-related fear. However, if
decreased physical functioning components (such as muscle strength, cardiorespiratory
fitness, and balance) are present which interferes with the capability of performing daily
life activities, multidisciplinary rehabilitation treatment should contain a specific physical
training focusing on improving the adverse physical components. Furthermore, the
lower levels of physical functioning were associated with higher levels of pain-related
fear in the adolescents with CMP. Pain-related fear might have influenced the objective
measurements, since adolescents with CMP, despite having GJH or not, probably
decided to stop or perform submaximally due to pain experience and/or pain-related
fear. Therefore, in future research or clinical practice, when measuring physical
functioning in adolescents with CMP, researchers or therapists should be aware of the
psychological factors influencing the test outcome.
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In conclusion, this dissertation showed that pain-related fear is an important
determinant of a decrease in physical functioning and disability in adolescents with CMP,
despite being hypermobile or not. A multidisciplinary rehabilitation treatment of physical
training and exposure in vivo seems promising in reducing pain-related disability in
adolescents with G-HSD/hEDS. It is recommended to further develop the tailored
multidisciplinary rehabilitation treatments incorporating psychological and physical
elements when needed, to further enable these adolescents to optimally participate in
society.

143






e e — |._.r_.|._..|.|...._l.h.. -







Samenvatting

Samenvatting

Het belangrijkste onderwerp van dit proefschrift is het ontrafelen van de rol van pijn-
gerelateerde vrees en gegeneraliseerde gewrichtshypermobiliteit op het fysiek
functioneren bij adolescenten met chronische musculoskeletale pijnklachten.

Hoofdstuk 1 begint met een algemene inleiding over chronische pijn, hypermobiliteit en
pijn-gerelateerde vrees. Chronische pijn wordt gedefinieerd als pijn die langer dan
3 maanden aanhoudt. Wereldwijd lijdt 1 op de 5 volwassenen aan chronische pijn en
wordt nog eens 1 op de 10 volwassenen jaarlijks met chronische pijn gediagnosticeerd.
In de afgelopen jaren komt steeds meer aandacht voor chronische pijn bij kinderen en
adolescenten. Naar schatting 25% van de Nederlandse schoolkinderen ervaart een
periode van chronische pijn. Gebaseerd op de locatie kan chronische pijn onderverdeeld
worden in subgroepen. Naast buikpijn en hoofpijnklachten, is chronische
musculoskeletale pijn (CMP) de meest voorkomende pijnklacht bij adolescenten. De
incidentie van CMP neemt toe met de leeftijd en CMP komt vaker voor bij meisjes. In
ongeveer 40% van de kinderen en adolescenten met CMP leidt pijn tot beperkingen in
het dagelijks functioneren. CMP kan een negatieve invioed hebben op fysiek en
psychologisch functioneren, kan leiden tot meer afwezigheid op school, kan interfereren
met sociale activiteiten en familieaangelegenheden en kan resulteren in een afname van
de kwaliteit van leven. Voor CMP kan vaak geen of geen afdoende medische verklaring
worden gevonden en wordt dan geduid als aspecifiek. Psychosociale factoren spelen een
belangrijke rol in het ervaren beperkingenniveau. Een biopsychosociale aanpak in de
behandeling van CMP wordt dan ook aangeraden. Bij deze aanpak worden fysieke,
psychologische en sociale factoren gebruikt om de complexe relatie tussen het ervaren
van pijn en de impact op het dagelijks functioneren en participeren in de maatschappij
te ontrafelen en hun impact te verkleinen. Twee belangrijke factoren die mogelijk
bijdragen aan het begrijpen van de complexiteit en verklaren van de beperkingen
gerelateerd aan CMP zijn pijn-gerelateerde vrees en gegeneraliseerde gewrichts-
hypermobiliteit (GJH). In chronische pijn bij kinderen en adolescenten is pijn-
gerelateerde vrees een voorspeller van pijn-gerelateerde beperkingen in het dagelijks
functioneren. Onderzoek toont aan dat gedurende adolescentie, GJH een risicofactor is
voor het krijgen van CMP. GJH wordt gedefinieerd als een vergrote bewegingsuitslag in
meerdere gewrichten. Voor veel individuen kan deze vergrote bewegingsuitslag
voordelig werken bij het uitvoeren van diverse sporten zoals dansen en turnen.
Afhankelijk van het type te bespelen instrumenten hebben musici eveneens profijt van
GJH. Echter, GJH wordt ook gerelateerd aan CMP. GJH gerelateerd aan symptomen zoals
CMP, gewrichtsinstabiliteit, verstoorde bewegingszin en weke delen letsels wordt
betiteld als gegeneraliseerde hypermobiliteits spectrum aandoening (G-HSD). G-HSD
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heeft veel overlap met het hypermobiele subtype van Ehlers-Danlos syndroom (hEDS).
G-HSD en hEDS zijn beide specifieke GJH-gerelateerde aandoeningen zonder een
genetisch profiel, derhalve worden zij in dit proefschrift beschreven als G-HSD/hEDS.
Adolescenten met G-HSD/hEDS hebben veel voorkomende fysieke symptomen zoals
verminderde kracht, conditie, balans en verstoorde bewegingszin. Tevens is de mate van
participatie in het dagelijks leven verlaagd. Daarnaast komen gegeneraliseerde angst en
ook pijn-gerelateerde vrees vaker voor bij adolescenten met G-HSD/hEDS. Het huidige
bewijs voor wetenschappelijke bewezen behandelingen voor adolescenten met
G-HSD/hEDS is beperkt. Er worden veel verschillende behandelingen aangeboden met
diverse elementen vaak zonder een duidelijk specifiek theoretisch concept.

Een hogere mate van pijn-gerelateerde vrees is een risico voor het krijgen van meer pijn-
gerelateerde beperkingen op de lange termijn. Dit is eveneens veel voorkomend bij
adolescenten met G-HSD/hEDS. Echter, de rol van pijn-gerelateerde vrees is
onvoldoende belicht binnen de huidige behandelingen van deze patiéntengroep. Het
vreesvermijdingsmodel is een theoretisch model waarin de beperkende rol van pijn-
gerelateerde vrees wordt verklaard. Dit model is bewezen in zowel de volwassen, als de
kind en adolescent populatie. Exposure in vivo is een cognitief gedragsmatige
behandelvorm dat zich specifiek richt op deze pijn-gerelateerde vrees. Bij adolescenten
en volwassenen is exposure in vivo effectief in het verminderen van beperkingen.
Mogelijk zou exposure in vivo ook toegepast kunnen worden bij adolescenten met
G-HSD/hEDS om hun functioneren te optimaliseren.

De nadruk in dit proefschrift ligt dan ook op het verder ontrafelen van de individuele rol
van pijn-gerelateerde vrees en GJH op het fysiek functioneren bij adolescenten met
CMP. Het beter begrijpen van deze onderlinge relaties zou mogelijk kunnen leiden tot
betere gepersonaliseerde behandelingen.

In hoofdstuk 2 wordt de huidige wetenschappelijke literatuur met betrekking tot het
fysiek en psychologisch functioneren van adolescenten met GJH en G-HSD/hEDS
samengevat en gepresenteerd in een toegepast vreesvermijdingsmodel, waarin
voorgesteld wordt dat GJH en pijn-gerelateerde vrees belangrijke factoren zijn voor
CMP-gerelateerde beperkingen. Een onderliggende aanname in het model is, dat GJH
adolescenten kwetsbaarder maakt voor het ontwikkelen van CMP, door een verhoogd
risico op het krijgen van blessures en het vaker ervaren van pijnklachten. Daarnaast
worden pijn-gerelateerde vrees en meer gegeneraliseerde angst verondersteld als
belangrijkste onderliggend factoren in het verklaren van beperkingen bij adolescenten
met G-HSD/hEDS. Volgens het model leidt pijn-gerelateerde vrees tot vermijdingsgedrag
en uiteindelijk tot beperkingen in het dagelijks functioneren, depressie en op de lange
termijn tot fysieke deconditionering. Deze factoren zijn weer van invloed op het in stand
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houden van de vicieuze cirkel van CMP. In adolescenten met G-HSD/hEDS wordt in het
aangepaste vreesvermijdingsmodel verondersteld dat met name de fysieke
deconditionering leidt tot additionele negatieve consequenties. Hun compensatie-
mechanisme gebaseerd op spierkracht, dat essentieel is voor gewrichtsstabiliteit om te
compenseren voor de GJH, verslechtert door fysieke deconditionering en leidt tot
verminderde bewegingsgevoel, balans en lichaamshouding. Dit beinvloedt mogelijk het
gangpatroon en zou kunnen leiden tot een verhoogde kans op blessures. Derhalve, in
het verklaren van beperkingen, is het belangrijk om zowel op de negatieve fysieke
componenten gerelateerd aan GJH, als op de psychologische factoren zoals pijn-
gerelateerde vrees de nadruk te leggen bij adolescenten met G-HSD/hEDS. Hoewel het
vreesvermijdingsmodel toegepast op adolescenten met G-HSD/hEDS door weten-
schappelijke literatuur onderbouwd wordt, zijn veel onderzoeken transversaal en
daarom moet het voorgestelde mechanisme met de nodige voorzichtigheid
geinterpreteerd worden.

Hoofdstuk 3 onderzoekt of pijn-gerelateerde vrees en GJH samenhangen en elkaar zelfs
versterken met als gevolg meer beperkingen in het dagelijks functioneren bij
adolescenten met CMP. In deze cross-sectionele studie namen 116 adolescenten met
CMP deel, die verwezen waren naar de gespecialiseerde revalidatiepolikliniek op het
gebied van pijn in het universitaire ziekenhuis van Maastricht/Adelante Zorggroep. De
adolescenten vulden online vragenlijsten in, die onderdeel waren van de reguliere zorg.
De populatie bestond voornamelijk uit meisjes met een gemiddelde leeftijd van 16.0 jaar
en 40 (35%) voldeden aan criteria voor GJH gemeten met de Beighton score. Middels
hiérarchische regressiemodellen, met beperkingen in het dagelijks functioneren als
afhankelijke variabele, is de hypothese getoetst of pijn-gerelateerde vrees en ervaren
schadelijkheid als construct van pijn-gerelateerde vrees, samenhangt met meer
beperkingen bij hypermobiele adolescenten met CMP. De resultaten lieten zien dat pijn-
gerelateerde vrees en ervaren schadelijkheid gerelateerd waren aan meer beperkingen,
onafhankelijk van wel of niet hypermobiel zijn. Er waren geen verschillen tussen de mate
van pijn-gerelateerde vrees en ervaren schadelijkheid tussen adolescenten met CMP die
hypermobiel waren en adolescenten met CMP die niet hypermobiel waren. Het hebben
van GJH maakt de adolescent mogelijk kwetsbaarder voor het krijgen van CMP. Echter,
op het moment dat sprake is van CMP, is pijn-gerelateerde vrees gerelateerd aan
beperkingen in het dagelijks functioneren en niet het wel of niet hebben van
hypermobiliteit.

Eerdere studies lieten tegenstrijdige resultaten zien met betrekking tot het hebben van
asymptomatische GJH, ofwel GJH zonder pijnklachten, op het fysiek functioneren.
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Sommige studies rapporteerden een lagere niveau van fysiek functioneren, terwijl
andere studies geen verschil vonden in het niveau van fysiek functioneren van pijnvrije
adolescenten met GJH en pijnvrije adolescenten zonder GJH. Derhalve was de focus in
hoofdstuk 4 op het onderzoeken van het niveau van fysiek functioneren (spierkracht,
bewegingscoordinatie en fysiek activiteitenniveau) van asymptomatische adolescenten
met GJH in vergelijking met dat van niet-hypermobiele adolescenten. Verder werd
geévalueerd of een hogere mate van pijn-gerelateerde vrees samenhing met een
mogelijk lager niveau van fysiek functioneren. In deze cross-sectionele studie namen
62 gezonde adolescenten deel. De gemiddelde leeftijd was 16.8 jaar, ongeveer 75% was
vrouwelijk en 18% had asymptomatische GJH gemeten met de Beighton score.
Spierkracht en krachtuithoudingsvermogen werden gemeten met een isokinetische
dynamometer (Biodex) en bewegingscodrdinatie werd bepaald middels de single leg hop
for distance. Het fysiek activiteitenniveau werd gemeten middels tri-axiale
accelerometrie (AX3). Voor het in kaart brengen van de ervaren schadelijkheid, als
construct van pijn-gerelateerde vrees, werd de the Photograph Series of Daily Activities
for youth (PHODA-youth) afgenomen. In de analyse werden hiérarchische
regressiemodellen gebruikt om te evalueren of adolescenten met asymptomatische GJH
een lagere niveau van fysiek functioneren hebben vergeleken met niet-hypermobiele
adolescenten. Daarnaast, werd de mogelijke negatieve rol van pijn-gerelateerde vrees
geévalueerd. De resultaten lieten zien dat adolescenten met asymptomatische GJH geen
lager niveau van fysiek functioneren, met betrekking tot spierkracht, bewegings-
coordinatie en fysiek activiteitenniveau, hadden in vergelijking met niet-hypermobiele
adolescenten. Tevens was de gerapporteerde ervaren schadelijkheid zeer laag op alle
subschalen bij deze pijnvrije adolescenten en werden ook geen onderlinge verschillen
gemeten tussen adolescenten met GJH en niet-hypermobiele adolescenten.

De focus in hoofdstuk 5 ligt op het verder ontrafelen van de invloed van het hebben van
alleen CMP, het hebben van alleen GJH, het hebben van GJH en CMP, en de rol van pijn-
gerelateerde vrees op het fysiek functioneren bij adolescenten. In deze cross-sectionele
studie werden 4 subgroepen van adolescenten geincludeerd: 30 adolescenten met CMP
(waarvan 21 zonder GJH en 9 met GJH) en 62 adolescenten zonder CMP (waarvan 51
zonder GJH en 11 met GJH). De adolescenten met CMP werden gerekruteerd door een
revalidatiearts op de polikliniek van Adelante Zorggroep, locatie Maastricht Universitair
Medisch Centrum+. De gezonde adolescenten werden geincludeerd in dezelfde
tijdsperiode. De groepssamenstelling van de adolescenten zonder CMP is afgestemd op
leeftijd en geslacht van de adolescenten met CMP. De uitkomstvariabelen om fysiek
functioneren te meten waren spierkracht en krachtuithoudingsvermogen
(dynamometer), bewegingscoordinatie (single leg hop for distance) en fysiek
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activiteitenniveau (accelerometrie). Pijn-gerelateerde vrees werd gemeten met de
PHODA-youth. In de analyse, werden hiérarchische regressiemodellen gebruikt om
zowel het niveau van fysiek functioneren, als afhankelijke variabele, als ook de bijdrage
van pijn-gerelateerde vrees in adolescenten met/zonder CMP en met/zonder GJH te
bestuderen. De resultaten lieten zien dat adolescenten met CMP, onafhankelijk van wel
of niet hebben van hypermobiliteit, verminderde spierkracht, krachtuithoudings-
vermogen en bewegingscodrdinatie hadden in vergelijking met pijnvrije adolescenten
(met/zonder GJH). Het fysiek activiteitenniveau verschilden niet tussen adolescenten
met CMP (met/zonder GJH) vergeleken met adolescenten zonder CMP (met/zonder
GJH). De resultaten toonden opnieuw aan dat een hogere mate van pijn-gerelateerde
vrees, geidentificeerd in adolescenten met CMP, gerelateerd was aan verminderde
spierkracht, krachtuithoudingsvermogen en bewegingscodrdinatie. Mogelijk dat een
verhoogde mate van pijn-gerelateerde vrees eveneens van invloed was op de afname
van de fysieke testen. Adolescenten met pijn-gerelateerde vrees besloten mogelijk om
te stoppen of niet een maximale prestatie te leveren, wat resulteerde in een lagere
score. De invloed van pijn-gerelateerde vrees op het fysiek functioneren verschilde niet
tussen hypermobiele en niet-hypermobiele adolescenten met CMP. Deze resultaten
suggereerden dat: als adolescenten eenmaal CMP hebben, onafhankelijk van wel of niet
hypermobiel zijn, de mate van pijn-gerelateerde vrees de meest bijdragende factor is
aan het verminderd fysiek functioneren.

Hoofdstuk 6 presenteert de resultaten van een studie in een pre-post-test design gericht
op het evalueren van de verandering in beperkingen, fysiek functioneren, ervaren
schadelijkheid en pijn intensiteit na deelname aan een multidisciplinaire
revalidatiebehandeling van adolescenten met G-HSD/hEDS. De multidisciplinaire
revalidatiebehandeling bestond uit een combinatie van fysieke training en een gerichte
cognitieve gedragsmatige therapie. De fysieke training was gericht op het verbeteren
van de aerobe capaciteit, spierkracht en bewegingsgevoel met als doel te compenseren
voor de fysieke negatieve consequenties. De cognitieve gedragsmatige therapie was
exposure in vivo en had als doel het reduceren van pijn-gerelateerde vrees. Veertien
adolescenten (1 man) werden geincludeerd. Uit de resultaten bleek dat de adolescenten
met G-HSD/hEDS een significante en klinische relevante vooruitgang (67%) boekten op
de ervaren mate van beperkingen in het dagelijks functioneren, welke de belangrijkste
uitkomstmaat was. Tevens werden na de multidisciplinaire revalidatiebehandeling
significante verbeteringen gevonden voor spierkracht, krachtuithoudingsvermogen,
bewegingscoordinatie, ervaren schadelijkheid en pijn intensiteit. Met name de afname
van pijn intensiteit (63%) was opvallend, aangezien pijnreductie niet een doel was van de
multidisciplinaire revalidatiebehandeling. De resultaten van deze multidisciplinaire




revalidatiebehandeling voor adolescenten met G-HSD/hEDS zijn veelbelovend. Echter
deze bevindingen dienen met de nodige voorzichtigheid geinterpreteerd te worden,
aangezien de resultaten gebaseerd zijn op een vergelijking van het functioneren voor en
na de behandeling van een kleine groep zonder controlegroep.

In hoofdstuk 7 wordt de algehele discussie gepresenteerd met een bespreking van de
belangrijkste bevindingen van dit proefschrift. In de studies uitgevoerd en beschreven in
dit proefschrift ligt de nadruk op de rol van GJH, CMP en de mogelijke invloed van pijn-
gerelateerde vrees op het fysiek functioneren en beperkingen in het dagelijks
functioneren bij adolescenten met G-HSD/hEDS. Daardoor draagt kennis van deze
elementen bij aan het verder ontrafelen van het mechanisme van invaliderende pijn bij
adolescenten met G-HSD/hEDS en leidt dit mogelijk ook tot betere op maat gemaakte
behandelingen. Gebaseerd op de resultaten van dit proefschrift werd duidelijk dat pijn-
gerelateerde vrees een belangrijke determinant is voor het verminderd fysiek
functioneren en de ervaren beperkingen in het dagelijks functioneren bij adolescenten
met CMP, onafhankelijk van het wel of niet hypermobiel zijn. Omdat met name pijn-
gerelateerde vrees leidt tot beperkingen, is het vroegtijdig herkennen van pijn-
gerelateerde vrees in de eerstelijnszorg belangrijk om adolescenten te identificeren die
het risico lopen om nog meer beperkt te raken ten gevolge van CMP. In toekomstige op
maat gemaakte multidisciplinaire revalidatiebehandelingen voor adolescenten met
G-HSD/hEDS, die aanzienlijke beperkingen ervaren, is het belangrijk om naast fysieke
componenten specifiek te focussen op psychologische factoren, zoals pijn-gerelateerde
vrees, catastroferende gedachtes en gegeneraliseerde angst om deze adolescenten te
faciliteren om optimaal te functioneren in de maatschappij. Exposure in vivo zou
mogelijk de wenselijke behandeling zijn gericht op het herstellen van een normaal
dagdagelijks functioneren middels het reduceren van pijn-gerelateerde vrees. Echter,
mocht er eveneens sprake zijn van verminderd fysiek functioneren (zoals spierkracht,
aerobe capaciteit en balans) wat interfereert met de mogelijkheid om dagdagelijkse
activiteiten uit te voeren, dan dient de multidisciplinaire revalidatiebehandeling
eveneens een specifieke fysieke training gericht op het verbeteren van deze negatieve
fysieke componenten te bevatten. Bovendien, de gevonden lagere niveaus van fysiek
functioneren waren gerelateerd aan een hogere mate van pijn-gerelateerde vrees in
adolescenten met CMP. Pijn-gerelateerde vrees heeft mogelijk de objectieve fysieke
metingen beinvioed bij adolescenten met CMP, onafhankelijk van wel of niet
hypermobiel zijn. Het ervaren van pijn of pijn-gerelateerde vrees tijdens de meting heeft
mogelijk geleid tot eerder stoppen van de test of niet maximaal inspannen tijdens de
test. Daarom is het belangrijk, in toekomstig onderzoek en in de klinische praktijk, dat
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onderzoekers en therapeuten alert zijn op de invloed van psychologische factoren op de
fysieke uitkomstmaat bij adolescenten met CMP.

Concluderend, dit proefschrift toont aan dat pijn-gerelateerde vrees een belangrijke
determinant is van verminderd fysiek functioneren en beperkingen in het dagelijks
functioneren bij adolescenten met CMP, onafhankelijk van wel of niet hypermobiel zijn.
Een multidisciplinaire revalidatiebehandeling van fysieke training en exposure in vivo lijkt
veelbelovend in het verminderen van pijn-gerelateerde beperkingen bij adolescenten
met G-HSD/hEDS. Het is aanbevolen om op maat gemaakte multidisciplinaire
revalidatiebehandelingen met psychologische elementen en indien nodig fysieke
elementen verder te ontwikkelen, zodat deze adolescenten beter in staat zijn om
optimaal te kunnen functioneren in de maatschappij.
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Impact paragraph

Impact paragraph

Besides a contribution to scientific knowledge, the results of this dissertation have a
broader societal impact. This impact paragraph aims to describe the societal impact of
the scientific results to application and implementation in the healthcare, to whom our
findings are relevant, and activities for knowledge transfer.

Relevance

Each year, health care costs for patients with chronic musculoskeletal pain (CMP) are
rising and many patients with CMP perceived their treatment as inadequate. In many
patients with CMP, pain has a disabling impact. In adolescents, CMP may have a negative
impact on physical and psychological functioning, interferes with school attendance,
performance in social activities, and family engagement, leading to a reduced quality of
life. The presence of pain-related fear and generalized joint hypermobility might
contribute to understand the complexity and explain the disabling impact of CMP in
adolescents. Better understanding of the mechanism may stimulate the development of
personalised treatments for hypermobile adolescents with CMP.

Studies in this dissertation showed that pain-related fear is associated with higher levels
of disability and lower physical functioning in adolescents with CMP, despite being
hypermobile or not. Therefore, early detection of pain-related fear in primary care is
important to identify adolescents with musculoskeletal pain who are more at risk for
developing disabling CMP. Health care professionals in primary care should thoroughly
assess the adolescent’s pain problem and needs, make use of biopsychosocial
measurements, and be aware of generalized joint hypermobility in order to refer the
patient to the right treatment at the right moment. In case of minimal disability in daily
life activities with only little influence of psychosocial factors, health care professionals in
primary care should use a biopsychosocial approach to get adolescents with CMP active
and restore age appropriate functioning despite pain. However, for the adolescents with
CMP, despite being hypermobile or not, with a moderate to high level of disability in
daily life activities and associated influence of psychosocial factors, multidisciplinary
rehabilitation treatment in primary or secondary care are recommended.

The intervention presented in this dissertation, consisted out of a multidisciplinary
rehabilitation treatment with physical training and a targeted cognitive-behavioural
therapy intervention; exposure in vivo. Results of the study showed a decrease in the
level of disability, improvements in physical functioning, and reduced level of pain-
related fear and pain intensity in hypermobile adolescents with CMP. It is recommended
to further develop tailored multidisciplinary rehabilitation treatments for hypermobile
adolescents with CMP incorporating psychological and physical elements when needed.
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Physical elements should be added to the multidisciplinary rehabilitation treatment
when objective physical measurements show a decrease in physical functioning, such as
muscle strength, balance, and aerobic capacity, which interferes with the capability of
performing daily life activities. It should be noted that during the assessment of physical
functioning, pain experience and psychological factors such as pain-related fear may
influence the assessment, and thus the outcome. Adolescents with CMP might decide to
stop or perform submaximally, resulting in a lower score. Health care professionals or
researchers should be aware of that. Combining different measurements with the same
physical elements outcome, for instance measuring muscle strength isokinetic and
functional, provides a broader view of the adolescent’s physical functioning and
differentiates discrepancies in the outcome measures.

Target group

Hypermobile adolescents with CMP might benefit from the multidisciplinary
rehabilitation treatment presented in this dissertation. The combination of physical
training and exposure in vivo led to a significantly and clinically relevant reduction in the
level of disability. In addition, physical functioning, pain-related fear, and pain intensity
improved significantly.

Furthermore, the parents and other family members of adolescents with CMP could
benefit from the findings of this dissertation. Previous studies showed that parents and
families might have a negative influence on the adolescent’s pain, pain behaviour, and
disability. Parents and families of adolescents with CMP have more social restrictions,
less family functioning (such as more conflict or less cohesion), and higher levels of
parental stress, anger, depression, and anxiety. Parents also experience the financial
burden of CMP. Improvements of the adolescent’s functioning benefits the parents and
families as well. The negative impact on parental stress, anger, depression, social
restriction, and family functioning might decrease.

The studies presented in this dissertation might be of interest for researchers who focus
on unravelling the concept of disability in hypermobile adolescents with CMP. Especially,
the focus of this dissertation on the impact of pain-related fear on disability in
hypermobile adolescents with CMP is a novel topic and is relevant for researchers
aiming to improve personalised and tailored treatments for this group of patients. The
results of this dissertation contribute to the existing literature of a multidisciplinary and
patient-centred approach in hypermobile adolescents with CMP. There is limited
evidence for the effect of the often applied more passive approach, such as pain
medication, use of mobility aids, and splinting for hands or wrists in restoring age
appropriate  functioning in hypermobility-related pain. Therefore, an active
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biopsychosocial approach in hypermobile adolescents with CMP is recommended to
restore age appropriate functioning in society despite having pain.

Furthermore, health care professionals who treat adolescents with CMP in their clinical
practice could benefit from this dissertation. Recognizing and treating pain-related fear
or recognizing pain-related fear and referral to specialised care adds to delivering the
right care at the right moment and reducing the burden of CMP in adolescents and their
parents and family. In addition, health care professionals in primary care, for instance a
school physician, should be aware of generalized joint hypermobility in the general pain-
free population. Generalized joint hypermobility might be a risk factor for developing
CMP, especially if these adolescents also experiencing pain-related fear.

Finally, the results presented are of interest for health care insurance companies.
Effective and tailored treatments and referral of hypermobile adolescents with CMP to
the right place might reduce the financial burden of unnecessary costs, such as medical
shopping or overtreatment of inadequate therapies. Therefore, more insight in the cost-
effectiveness of the multidisciplinary rehabilitation treatment for hypermobile
adolescents with CMP compared to the usual rehabilitation treatment is needed.

Knowledge transfer

This dissertation shows the promising results of multidisciplinary rehabilitation
treatment in hypermobile adolescents with CMP consisting of physical training and
exposure in vivo. New studies with more rigorous research designs, such as a single-case
design or randomized controlled trial, are warranted to further investigate and confirm
clinical effectiveness of this multidisciplinary rehabilitation treatment. In case of proven
effectiveness, this treatment can be included in Dutch and international guidelines. In
addition, in order to raise awareness of the promising results of this new
multidisciplinary rehabilitation treatment for hypermobile adolescents with CMP,
national and international patient organisations could share this information on their
media channels. To disseminate the scientific results of this dissertation, workshops have
been organized and presentations on national and international conferences were given
for researchers and health care professionals. A course has already been developed
(provided at the Adelante Academy) aimed at the training of multidisciplinary
rehabilitation teams to use the exposure in vivo protocol in adolescents with CMP.
Furthermore, there is an interdisciplinary course for health care professionals in primary
care (provided at the Adelante Academy) for using a common biopsychosocial approach
in CMP, recognizing pain-related fear, and decide adequately when to refer to
specialised care. Health care professionals could also read the book about exposure,
which is written by our researchers and clinicians and published in the Dutch language.
This book ‘Graded Exposure, een cognitief gedragsmatige aanpak van chronische pijn’
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describes the application of exposure in both adolescents and adults with different
chronic pain conditions. The results from our studies are published in international
scientific journals.
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Dankwoord

Dankwoord

Eindelijk mag ik starten met het schrijven van het laatste hoofdstuk van mijn
proefschrift; het dankwoord. Sommigen vinden dit het belangrijkste hoofdstuk van een
proefschrift en meestal wordt dit hoofdstuk ook het meest gelezen. Ik persoonlijk denk
dat de eerdere hoofdstukken ook zeker de moeite zijn om te lezen en dat deze dan ook
een mooie afspiegeling zijn van mijn harde werk en met mij nog vele anderen. Daarom
wil ik in dit laatste hoofdstuk, naast mijn collega’s van de vakgroep revalidatie-
geneeskunde UM, collega’s van het Adelante kenniscentrum en collega’s van de afdeling
revalidatiegeneeskunde Adelante, locatie MUMC+ een aantal personen nadrukkelijk
bedanken die mij de laatste 6 jaar geholpen hebben om naast mijn werk als
fysiotherapeut dit promotietraject af te kunnen ronden. Ik realiseer mij, dat ik ook
mogelijk mensen zal vergeten die toch een rol gespeeld hebben. Mocht dit zo zijn,
alsnog hartelijk bedankt.

Allereerst wil ik mijn promotieteam prof. dr. Jeanine Verbunt, prof. dr. Raoul Engelbert
en dr. lvan Huijnen bedanken die het meest bijgedragen hebben aan dit proefschrift.
Beste Jeanine, als eerste promotor was jij vanaf het begin af aan betrokken mijn traject.
Ik leerde jou kennen als revalidatiearts op onze afdeling en samen ontwikkelden wij de
combinatiemodule van fysieke training en exposure voor hypermobiele adolescenten
met chronische musculoskeletale pijn. Jij was ook degene die mij als eerste benaderde
voor een junior onderzoeker functie op de afdeling revalidatiegeneeskunde aan de UM.
Door de jaren heen heb ik jou leren kennen als een betrouwbare en gedreven
begeleider. Ondanks dat jouw agenda steeds voller raakte en jij steeds meer
nevenfuncties kreeg, bleef jij altijd kritische feedback leveren aan mijn stukken. Ik wil jou
heel hartelijk danken voor alle energie en tijd die jij in mij gestoken hebt en hopelijk
kunnen wij in de toekomst blijven samenwerken.

Beste Raoul, als tweede promotor sloot jij later aan bij het promotieteam als specialist
op het onderwerp gegeneraliseerde gewrichtshypermobiliteit. Ik zal één van onze eerste
ontmoetingen nooit vergeten, jij wist mij die dag op de wetenschapsdag WCF van het
KNGF meteen te prikkelen met de vraag of ik echt wilde parttime promoveren naast mijn
reguliere fysiotherapiewerkzaamheden. In de afgelopen jaren was jouw feedback altijd
razendsnel, opbouwend en eerlijk. Jouw positieve manier van benadering maakte alleen
maar dat ik nog harder ging werken om mijn proefschrift af te ronden. Raoul, enorm
bedankt, en hopelijk kunnen wij in de toekomst voortborduren op onze prettige
samenwerking.

Beste lvan, als copromotor en directe begeleider was jij altijd mijn eerste aanspreekpunt.
Ik moet jou misschien nog wel het meeste van iedereen bedanken. Jij was het
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uiteindelijk die mij alsnog liet uitnodigen voor de vacature van fysiotherapeut op de
afdeling revalidatiegeneeskunde Adelante, locatie MUMC+. Aan het begin van mijn
carriere als fysiotherapeut was jij mijn directe collega. Daarna werd jij mijn begeleider als
junior onderzoeker en uiteindelijk was jij mijn copromotor en directe begeleider binnen
het promotietraject. Gedurende al die jaren kon ik altijd bij jou terecht, zeker in het
begin van mijn traject waarin het leren loslaten en reéle doelen stellen nog een
aandachtspunt was. Ook jij had een steeds drukker wordende agenda, maar
desalniettemin maakte jij altijd tijd, zelfs als de voetbalanalyses ten sprake kwamen.
Jouw feedback was eveneens altijd opbouwend en kritisch en maakten mijn stukken
door de jaren heen steeds beter. lvan, enorm bedankt voor alles, ik heb veel van jou
geleerd.

De leden van de beoordelingscommissie, Prof. dr. Rob Smeets (voorzitter), Prof. dr. Rob
de Bie, Prof. dr. Annemieke Buizer, dr. Lies Rombaut en Prof. dr. Johan Vlaeyen, wil ik
graag bedanken voor het lezen en beoordelen van dit proefschrift.

In de verschillende studies van dit proefschrift hebben meerdere adolescenten met en
zonder chronische musculoskeletale pijn deelgenomen. Zonder hun bereidheid om een
bijdrage te leveren aan medisch wetenschappelijk onderzoek was dit proefschrift er niet
geweest. Dank voor jullie deelname.

Arnoud Conijn, ik weet nog goed dat ik jou benaderde als studentonderzoeker. Jij had je
via Jeanine Verbunt aangemeld en een eerdere mail van een collega van de vakgroep
was jou ontschoten. Wat was ik daar blij om, gedurende de jaren heb jij mij enorm
geholpen. Eerst als studentonderzoeker en later ook als WESP-student. Uiteindelijk heeft
dit tot twee mooie publicaties geleid en is jouw interesse in de revalidatiegeneeskunde
dusdanig gegroeid dat jij misschien nog wel gaat specialiseren tot revalidatiearts, ook al
is dat in Rotterdam. Arnoud, hartstikke bedankt voor jouw bijdrage aan dit proefschrift.

Verder wil ik alle andere coauteurs bedanken voor hun bijdrage aan mijn publicaties:
Laura Simons, Carlijn Wiertz, en Nicole Stappers.

Margareth van Krevel, als secretaresse van de afdeling revalidatiegeneeskunde van de
UM heb jij vaak organisatorische zaken voor mij geregeld. Onze koffiemomentjes op
dinsdagochtend zal ik gaan missen. Bedankt voor al jouw hulp.
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Dankwoord

Inge Timmers, onder andere jouw Excel en Endnote kennis hebben mij vele uren
ploeteren bespaard. Tevens heb ik jouw hulp tijdens het ISPP in Basel als zeer prettig
ervaren. Bedankt hiervoor.

Albére Koke, “de wandelende encyclopedie”, gedurende mijn traject heb jij mij
meermaals geholpen met verschillende zaken zoals extra informatie over
psychometrische eigenschappen van vragenlijsten of de rol van het autonome
zenuwstelsel op de pijnervaring. Tijdens onze gezamenlijke trip naar India leerde ik jou
goed kennen en jouw open kritische denkwijze fascineert mij. Ik hoop in de toekomst
nog vaker met jou samen te werken.

Marlies den Hollander, jij weet als geen ander hoe het is om de combinatierol van
promovendus en therapeut te hebben. Gedurende mijn traject was jij altijd oprecht
geinteresseerd in mijn vorderingen en heb jij mij ook meermaals geholpen bij het goed
verwoorden van de psychologische elementen in dit proefschrift. Daarnaast hebben wij
samen een lezing op een nationaal congres gegeven en al meermaals cursussen
Exposure aangeboden. Jouw theoretische kennis en toewijding voor exposure zijn
inspirerend. Dank voor al jouw ondersteuning.

Marion de Mooij, als onderzoeksassistent van 2B Active heb ik meermaals gebruik
gemaakt van jouw hulp, bedankt hiervoor.

Richard Geers, als medisch technoloog was jij degene die de algoritmes voor mij
gemaakt heeft voor het analyseren van de ruwe data van de accelerometers. Dank
hiervoor.

Reni van Erp, gedurende jouw eigen promotie heb jij meermaals de fysieke metingen
uitgevoerd bij de adolescenten met chronische musculoskeletale pijn. Dankjewel.

Hans Veders, hoe combineer je wetenschappelijk onderzoek, onderwijs en reguliere
zorg? Een planner zoals jij maakt dit allemaal mogelijk. Door de jaren heen bouwde jij
mijn planning flexibel om al mijn afspraken heen en werden de fysieke metingen bij
hypermobiele adolescenten met chronische musculoskeletale pijn onderdeel van de
reguliere zorg. Daarnaast leerde ik gaandeweg ook beter te organiseren en plannen,
mede op basis van onze gesprekken. Dank voor al jouw hulp, zeker ook voor alle
gezelligheid en samen zullen wij dit gaan vieren, na zdrowie.
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Ben Ummels, als fysiotherapie assistent was jij direct betrokken bij de trainingsmodule
van hypermobiele adolescenten met chronische musculoskeletale pijn. Jouw
enthousiaste en gedreven uitstraling binnen de behandeling hebben zeker bijgedragen
aan de positieve behandelresultaten. Daarnaast, heb jij mij veelvuldig ondersteund bij de
fysieke metingen van de adolescenten zonder pijnklachten en heb jij ook meermaals
patiénten van mij overgenomen zodat ik tijd vrij had voor onderzoekstaken. Benny,

opa”, bedankt voor al jouw tijd en energie en geniet de komende jaren van jullie
prachtige project in Thailand.

Christoph Loo, jij was als manager eveneens betrokken bij mijn sollicitatieprocedure en
gelukkig mocht ik ook nog blijven. Door de jaren heen heb jij mij altijd de ruimte gegeven
om naast mijn zorgtaken te kunnen promoveren. Dank hiervoor.

Dennis Linden, als directe collega van de fysiotherapie was jij ook meermaals betrokken
bij de fysieke metingen van de adolescenten met chronische musculoskeletale pijn.
Daarnaast was jij vaak als fysiotherapeut betrokken bij de hypermobiliteitsmodule.
Dankjewel.

Debby van Menxel en Emmelien Spek, ik mocht van jullie aansluiten bij het
jongerenteam en samen hebben wij de afgelopen jaren de exposure behandeling van
jongeren met pijn verder vormgegeven. Tevens hebben wij de cursus exposure bij
jongeren ontwikkeld. Debby met jou heb ik ook nog meerdere symposia door het land
gegeven en getracht de exposure boodschap door het land te verspreiden. Onze
maandagochtend jongerenscreening was toch altijd de perfecte start van de werkweek.
Bedankt, ook voor alle leuke momenten.

Angelo en lIrene, als schoonouders waren jullie ook nauw betrokken bij mijn
promotietraject. Gedurende de afgelopen jaren toonden jullie veel interesse in mijn
werk en worden de hard copies van mijn publicaties goed bewaard door jullie. Tevens
hebben jullie meermaals op Lize opgepast zodat ik mijn werkzaamheden op
dinsdagmiddag voor de UM kon blijven continueren. Ik wil jullie dan ook bedanken voor
jullie interesse en tijd.

Pap en mam, jullie hebben er mede voor gezorgd dat ik dit proefschrift heb kunnen
afronden. Jullie maakte het mogelijk om na 4 jaar studeren aan de UM alsnog de
opleiding fysiotherapie te gaan volgen. Hierdoor kon ik mij verder ontwikkelen en kijk
waar wij nu staan. Jullie hebben mij altijd gestimuleerd om mijn dromen na te leven.
Bedankt voor alles, zonder jullie was dit alles niet mogelijk geweest.
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Dankwoord

Mijn paranifmen, Luuk van Meulenbroek en Kayl Pijpers.

Luuk, als tweelingbroer zijn wij vanaf dag 1 van ons leven samen opgegroeid. Qua
uiterlijk verschillend, qua karakter zoveel hetzelfde. Door de jaren heen ben jij meer dan
een broer voor mij geworden en ik ben dan ook trots dat jij straks aan mijn zijde zult
staan.

Kayl, ik leerde jou kennen op de opleiding fysiotherapie. Beide hadden wij al een studie
gedaan en vanaf het eerste moment konden wij het samen goed vinden. Door de jaren
heen werden wij goede vrienden en hebben wij menig gezellige avond doorgebracht. lk
heb jou mogen helpen met jouw masterscriptie fysiotherapie en jij toonde altijd veel
interesse in mijn promotietraject. Fantastisch dat wij dit straks samen kunnen
meemaken en vieren.

En als allerlaatste mijn eigen gezin. lverna, jij hebt mij de afgelopen jaren alle vrijheid
gegeven om te kunnen promoveren. Als ik in de avonduren of weekenden besloot om
nog extra tijd aan mijn promotie te besteden was dat nooit een probleem. In de
beginfase van mijn promotie heb jij mij ook meermaals geholpen hoe om te gaan met
eigen gecreéerde werkdruk. Lize, jouw geboorte 3 jaar geleden was het mooiste wat
jouw mama en papa overkomen is. Voor mij was jij ook de ideale afschakeling na een
drukke dag werken. Door met jou te spelen en te knuffelen kwam ik altijd tot rust en jij
was mijn natuurlijke rem op mijn werkzaamheden. Dames, zonder jullie was dit niet
gelukt. Ik ben trots op jullie en hou van jullie.
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