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It is well recognized that many if not most children and adolescents attending paediatric
rheumatology clinics will have a non-inflammatory origin for their complaints or disorder.
Mechanical causes are frequently identified, and hypermobility or ligamentous laxity of joints is
increasingly recognized as an aetiological factor in the presentation. Such conditions include
‘growing pains’, recurrent lower-limb arthralgia, anterior knee pain syndromes, and back pain.
Studies of significant cohorts of such patients have now been published supporting the link of
ligamentous laxity to particular symptom complexes. However, much disagreement remains as to
the validity of hypermobility as an aetiogical factor. What seems clear is that not all hypermobile
individuals will be symptomatic or indeed possibly have any risk for specific musculoskeletal
disorders in later life. Screening tools such as the Beighton score are likely to be inadequate in
many paediatric populations. Along with increasing recognition of these disorders in childhood
and adolescence has been the development of a multidisciplinary management approach, which
usually involves predominantly allied health professionals such as podiatrists, physiotherapists and
occupational therapists. The challenge remains to interpret symptoms correctly as being related
to the hypermobility and to predict why such children become symptomatic. The answer is likely
to involve physiological and psychosocial factors. In addition, early identification and modification
of risk factors may have major implications for subsequent prevalence of many adult medical
disorders such as low back pain, chronic pain syndromes and degenerative osteoarthritis.

Key words: hypermobility; ligamentous laxity; spinal pain; growing pains; chronic pain
syndromes; physiotherapy.

Ligamentous laxity has been recognized for centuries as an observable phenomenon
as part of a defined medical disorder and in particular otherwise healthy individuals.
Joint hypermobility has been recognized as an important pathological component in
known genetic disorders such as Marfan syndrome, Ehlers Danlos syndrome, and Down
syndrome since their initial descriptions. The concept of benign joint hypermobility as a
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much more common and recognizable rheumatological disorder has been with us since
the 1960s1, but it was not until the 1970s and 1980s that significant cohorts of
children were reported, concomitantly with the development of paediatric rheumatol-
ogy as a subspecialty2–4 where significant numbers of such patients were seen in one
location. Through these and subsequent efforts, clearer recognition of the spectrum of
disorders associated with hypermobility has emerged. The relationship between the
more easily definable genetic entities and the so-called ‘joint hypermobility syndrome’
(JHS) is an interesting one in that many individuals with symptomatic hypermobility may
share some of the other tissue features of the genetic disorders such as easy bruising,
pooror atrophic scar formation, ormild skeletal deformities and perhaps earlier onset of
osteoarthritis.5 In this chapter I seek to explore the relationship between articular
hypermobility and definable clinical musculoskeletal (MSK) disorders in children and
adolescents. The chapter focuses on key management aspects for hypermobile children,
supported by evidence-based studieswhere they exist. Areas for future research are also
emphasized.
HYPERMOBILITY IN CHILDREN: TRUE PATHOLOGYOR NORMAL
VARIATION?

The definition of hypermobility is inherently an arbitrary one, and methods used to
categorize an individual as being hypermobile or not should seek to identify populations
with increased risk of important clinical phenomena. Hypermobility as such is not a
medical disorder but merely an observed phenomenon, which may be associated with
musculoskeletal symptoms, or symptom complexes, and may predispose to or be
associated with more serious medical disorders. The degree of ligamentous laxity has
some relationship with the risk for these disorders, but the relationship is often not
direct or predictable. Other clinical features—or perhaps inherited characteristics—
may influence the risk for pathology, and the external influence of psychosocial factors
may affect who seeks medical intervention or who is labelled as having a particular
diagnosis.

On average, children and adolescents inherently have a greater range of motion of
their joints than adults, and as individuals age this seems to gradually diminish,
particularly in adult populations. Whether this reduction over time is physiological or
pathological (or both) may well vary in different individuals and populations. What is
clear is that not all individuals deemed to be hypermobile by various scoring systems
will necessarily have a history of MSK problems or indeed go on to develop them during
their life. A number of questions may be posed about the relationship of hypermobility
to clinical MSK problems, which present to practitioners.

1. How should an individual be defined as being hypermobile, with particular reference
to children of a similar age and in different ethnic populations?

2. Does the overall degree of hypermobility correlate with the frequency of MSK
disorders?

3. Are additional physical cofactors—such as obesity, sedentariness, overuse or other
connective tissue abnormalities—necessary to produce a significant risk for MSK
disorder?

4. Are behavioural, psychological and social factors important determinants in who
will become symptomatic, or do they influence the degree of symptomatology and
even disability?



Table 1. Prevalence of joint hypermobility in different populations of children.

Population

(Ref.) Age range

Number

of sub-

jects

Total %

hypermo-

bile

Ratio

female:

male

% hypermo-

bility

female/male Comments

Spanish

paediatric

general

health

clinic9

4–14 years 222 55% (71%

!8 years)

No difference in

arthralgias

Brazilian

children10,a
4–7 years 1120 64.60% 586/534 Results age- and

gender-specific

Dutch chil-

dren11
4–12 years 776 26% (4–9

years)

5% (10–12

years)

Icelandic

children12
12 years 267 26.70% 40.5/12.9 No difference in

joint symptoms

Greek chil-

dren13,b
2432 9% 1152/

1280

11/7

Egyptian

children14
6–12 years 997 16%

Spanish

schoolchil-

dren15

4–7 years 112 53% 62/50

USA4,a 5–17 years 260 12% 126/134 18.3/6.7

Brazilian17,c Non-cauca-

sian

416 32%

5–17 years

Caucasian 589 40%

5–17years

US music

students18,a
14–68 years 660 19% 300/360 33.7/6.9

British19,d 6–11 years 285 7% 140/145 7.1/6.2

Brazilian20 Caucasian

and non-

caucasian

3000 2% Lower frequency

with ‘darker’

children

6–7 years Age effect pre-

sent

British19,d 6–11 years 285 7% 140/145 7.1/6.2

Dutch

schoolchil-

dren16,e

4–13 years 252 16% Females more

prevalent

12–17 years 658 13% No age effect

Beighton criteria used at cut-off of S4/9 in all studies except as noted.
a Beighton S3/9.
b Scoring using the right limbs only and lumbar flexion.
c Carter–Wilkinson method used S 5/9 (hyperextension of fingers to be parallel to forearm rather

than hyperextension of 5th metacarpal joint to 908).
d S4/5 (Carter–Wilkinson).
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Definitive answers to these questions will require detailed multicentre and
population-based studies with properly validated measures of ligamentous laxity
and well-defined MSK pain and disability measures. In the absence of such studies to
date, however, a number of reports have attempted to partially address these
questions.

Musculoskeletal symptoms are a common reason for presenting to general
paediatric care in referrals to paediatric rheumatology clinics, and in a significant
proportion articular hypermobility can be found.3,4,6–8 In the study by Arroyo et al, 34%
of 192 schoolchildren aged 5–19 years were found to be hypermobile, and 50% of these
had significant arthralgia compared to 20% of normal population.7

Several studies have looked at the prevalence of hypermobility in paediatric
populations as an isolated phenomenon, and these are summarized in Table 1.4,9–20

Most of these have used the so-called Beighton criteria or scale21, developed from the
original Carter–Wilkinson criteria19, which uses a nine-point scale (see Table 2). This
scale was essentially designed as a rapid screening tool for the identification of at-risk
adult populations. This scale has never been properly validated in paediatric populations,
and many studies arbitrarily use higher scores as a ‘cut-off ’ point for younger children.
Use of the Beighton scale inmanyof these studies scores 30–50%of the population under
study as being ‘hypermobile’. Not surprisingly, such studies often fail to find any true
association with an MSK disorder or phenomenon. Any greater frequency of
‘hypermobility’ in such studies would render the remaining ‘non-hypermobile’ as the
less normal population! This strongly suggests that this tool and adult definitions of the
threshold for hypermobility are not adequate or appropriate for identifying risk in
younger children and perhaps in the paediatric population as a whole. Whether higher
cut-off points will produce more relevant populations for study has yet to be proved.

Early studies presented small case-series of symptomatic hypermobile individuals,
but more recent observational cohorts have been much larger and have emphasized
the systemic nature of these disorders, with involvement of tissues and organs other
Table 2. Comparisons of three different methods for determining the degree of generalized

hypermobility in individuals.

Criteria Carter and Wilkinson Beighton et al Rotés/Bulbena

Thumb abduction 1 1a 1

Elbow extension O108 1 1a 1

Finger extension O908 (metacar-

pophalangeal)

1 1a 1

Knee extension O108 1 1a 1

Excess ROM ankle dorsiflexion

and eversion

1

Palms flat on floor 1 1

External shoulder rotation 1

Cervical rotations 1

Cervical side flexion 1

Hip abduction 1

Metatarsophalangeal O908 1

Lumbar lateral hypermobility 1

Total score 5 9 11

a 1 point each side.



TMJ disease

Gorlins sign

Absent lingual frenulum

Hyperlordosis

Low back pain

Spondylolysis/listhesis

? Degenerative spondylosis

Anterior knee pain syndrome

Recurrent patellar subluxation

Congenital Hip 

Dysplasia/Clicky Hip

Hip subluxation

Pes planus

Growing pains

Costochondritis

? Mitral valve 

prolapse

Figure 1. Clinical features and symptom complexes seen in children and adolescents with joint hypermobility

syndrome. TMJ, temporomandibular joint.
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than the musculoskeletal system (see Figure 1). In the study presented by Adib et al, a
cohort of 125 children were seen in a tertiary hospital setting. The patients were
referred for musculoskeletal complaints and were deemed to have hypermobility as
the major aetiological factor.22 This study comprehensively surveyed both articular and
extra-articular features of these disorders and demonstrated significant ‘delay’ to
diagnosis in many patients and high levels of functional disability.

In another study by Englebert et al (2003), 15 children with generalized joint
hypermobility (GJH) and MSK symptoms were compared with 96 asymptomatic
individuals with GJH.23 Symptomatic individuals had a greater range of motion overall
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(Beighton score), greater skin extensibility, and reduced bone mineral density on
calcaneal ultrasound. They also had cardiovascular differences, with reduced systolic and
diastolic blood pressures. Such patients also had higher levels of urinary collagen
degradation products (hydroxyproline), implicating differences at a molecular level in
those who were symptomatic.

Van der Giessen studied 776 school children and noted the frequency of
hypermobility by Beighton criteria (S4/9) as 26.5% at 4–9 years, reducing to 5.3% in
10–12-year-olds. This age effect is replicated in many studies. Some signs of more
generalized connective tissue disorder were reported, including thinness of skin and
blue sclera in 2.3%, ability to touch the nose with the tongue (a positive Gorlin’s sign) in
8.2%, and to touch the chin with the tongue in 23.7%. They propose that a cut-off point
S5 for children aged between 4 and 9 years would be an appropriate threshold, and
that a one-sided score was adequate.

It is important to point out that several studies have failed to find a relationship
between hypermobility and MSK symptomatology.24,25 Not surprisingly, the prevalence
of hypermobility documented by screening is very high in such studies, presumably
making discrete identification of at-risk populations difficult.
JOINT HYPERMOBILITY SYNDROME (BENIGN JH OR BJHS) VERSUS
JOINT HYPERMOBILITY

In an effort to clarify the relationship between hypermobility and musculoskeletal
disorders the revised (Brighton, 1998) criteria for the diagnosis of BJHS were
developed.5 In essence this collection of associated history and examination features
indicates that ligamentous laxity alone is not sufficient to establish the diagnosis in such
symptomatic patients. The collection of major and minor criteria serves to emphasize
that many patients will have a history of particular symptoms (such as growing pains and
easy bruising) and, on examination, clinical findings such as hyper-elasticity of the skin,
thin or atrophic scars and abnormal bruising, ptosis, and blue sclera. Many of these
features suggest a relationship with specific defined genetic disorders such as Ehlers
Danlos syndrome and Marfan syndrome. Whilst patients would not fulfil classification
criteria for such disorders and do not appear to be at risk of the serious complications
of these conditions, the similarities suggest common genetic mechanisms in at least
some patients. These criteria have not been tested as such in paediatric populations,
but the report by Adib et al22 indicates that the situation is likely to be much the same in
diagnosed paediatric patients. Tables 3 and 4 list the important features in the history
and examination seen in this study of 125 JHS patients.
MUSCULOSKELETAL FEATURES ASSOCIATEDWITH JHS

Virtually all parts of the musculoskeletal system may be affected in JHS, but particular
problems or symptom complexes seem to occur at different ages. This probably
represents a combination of developmental changes or differences in growth patterns
at different ages and the degree of physical activity engaged in as children get older.



Table 3. Clinical history features in 125 patients with JHS.22

Associated clinical

feature Proportion (%)

Associated clinical

feature Proportion (%)

Congenital dislocation

hips

Herniae 4/101 (4%)

(CDH)a 4/103 (3.9%) Constipation Clicky hip

Urinary tract infection: 9/85 (11%) Walked after 15

months

19/61 (31%)

Femalesa 7/53 (13%) 19/57 (33%)

Malesa 3/51 (6%) Poor coordination 30/86 (36%)

Urinary tract dysfunc-

tionb
4/99 (4%) Clumsy 44/92 (48%)

Heart murmur 5/104 (5%) Learning difficulty 13/91 (14%)

Easy bruising 39/91 (43%) Dyslexia 2/88 (2%)

Clicky joints 25/84 (30%) Dyspraxia 6/87 (7%)

a Denotes significantly higher result than in the normal population.
b Vesico-ureteric reflux in three, urge-incontinence in one.
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Congenital hip disorders

Congenital hip problems have been linked with hypermobility. Those most frequently
described or encountered are recurrent subluxations or so-called ‘clicky hips’ and in
some individuals actual developmental acetabular dysplasia or congenital hip
dysplasia.22,26–28 Such clicking of joints is also commonly reported in many other
joints as children get older, both spontaneously and as habitual cracking of joints of the
Table 4. Clinical history features in 125 patients with JHS.22

Clinical symptom/

feature Proportion (%)

Associated symptom/

feature roportion (%)

Joint swelling 41/107 (38%) Pain exacerbated by

exercise

80/99 (81%)

Back pain 46/116 (40%) Pain exacerbated by

infection

30/83 (39%)

Joint sprains 21/110 (19%) Infection at beginning

of symptoms

22/86 (26%)

Foot pain 37/110 (34%) School missed 42/102 (41%)

Anterior knee pain 85/116 (73%) Problems at school 21/88 (24%)

Dislocation/subluxa-

tion episodes

12/116 (10%) Handwriting problems 42/106 (40%)

‘Growing pains’ diag-

nosed

32/98 (33%) PE missed 49/103 (48%)

Sleep disturbance 41/111 (37%) Sport hobbies 35/52 (67%)

Joint stiffness 31/103 (30%) Wheelchair/crutches

used

27/107 (25%)

Diffuse musculoskele-

tal pain

15/107 (14%) Benefits applied for 12/69 (17%)

Pain amplification 25/121 (21%) Benefits received 7/69 (10%)
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hand, temporomandibular joint and spine in particular. The origin of this is thought to
be the formation and collapse of ‘air bubbles’ in the joint with sudden ‘excessive’
distension of the joint spaces.

Delayed motor development

In the study by Adib et al22, late walking was a characteristic feature of individuals with
JHS. Walking was delayed by up to 4 months on average, and parents frequently
reported associated poor neuromuscular coordination and clumsiness in toddlers who
subsequently went on to develop major musculoskeletal symptoms. Such apparent
neuromuscular involvement was previously reported by Tirosh et al in 1991.29 They
studied 59 infants at 18 months of age; 20 had hypermobility and delayed motor
development, 19 had hypermobility with normal motor function, and 20 were normal
healthy controls without hypermobility. At a mean follow-up of 3.5 years, gross-motor
and fine-motor delay persisted in those who also had hypermobility. A similar study by
Jaffe et al found similar findings30, and one may postulate that reduced proprioception,
well reported in adults with hypermobility, may account for some of the motor delay.
Such findings have not been uniform, however, and Davidovitch in 1994 reported 320
apparently healthy 6–8-year-olds and 110 special education students of which 12 and
7%, respectively, were hypermobile.31 No association between hypermobility and
neuromuscular status was observed.

Interestingly, Moreira et al in 1992 reported a non-progressive paraparesis in 12
children with generalized joint hypermobility in whom specific pyramidal dysfunction
could be demonstrated after walking had started.32 Long-term outcome was not
reported, but one could postulate that this may be related to the common
phenomenon of toe-walking and tight tendo-achillis which is seen in hypermobile
children and often misinterpreted as ‘possible mild cerebral palsy’. Another possibility is
that it may represent undiagnosed spinal cord compression either pre- or post-natally
from atlanto-occipital hypermobility.

Lower-limb arthralgias

Such symptoms are perhaps the commonest presentation of hypermobility, at least in
early childhood. They are usually mechanical in origin, worse after prolonged weight-
bearing (standing and walking), and may be associated with brief episodic (especially
knee) joint swelling.4 Such swelling is often described as ‘periarticular’, representing
tissue oedema from sprain and strain injuries to supportive rather than true joint
effusion or synovitis.

Another common symptom complex reported in hypermobile children is
growing pains or ‘benign paroxysmal nocturnal leg pains’.33 These symptoms occur
in the evening and at night, often waking the child from sleep. They occur after
bouts of excessive or unusual activity, often in clusters of many nights in a row.
Symptoms respond to massage and simple analgesia, and in most cases the children
are well in the morning.32 This common complaint is frequently reported in
hypermobile individuals, although it is clear that not all hypermobile individuals get
growing pains and not all individuals with growing pains have hypermobility.
Definitive pathophysiology has not been determined and is likely to be
multifactorial.

Anterior knee pain syndrome has been reported more commonly in hypermobility
and usually refers to pre-adolescent or adolescent individuals (and many adults) with
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recurrent pain felt in the anterior aspect of the knee during or after prolonged sporting
activities34 but also after fixed postures such as standing or sitting, bicycle-riding or
climbing stairs in particular. Many such individuals will have varying combinations of
hypermobile patellae, qualitatively poor quadriceps muscle bulk or function, genu
recurvatum, and genu valgus, with ‘mis-tracking’ of the patella a common phenomenon.
Secondary chondromalacia patellae and recurrent subluxation are thought to cause
some of the symptoms35, as well as recurrent sprains and strains from ‘hanging on the
ligaments’ in a genu recurvatum posture.
Joint dislocation and subluxation

By no means all individuals with lax joints suffer actual clinical dislocation episodes,
but subluxation—either from injury or excessive normal use, or habitually—is a
common phenomenon. Dislocation of joints such as the patello-femoral36 and
shoulder are well recognized, particularly in genetically defined Ehlers Danlos
syndrome patients. Hip subluxation—particularly in adolescent girls involved in
dance and gymnastics—may cause acute severe pain lasting days to weeks, with
altered weight-bearing and rarely an acute chondrolysis episode. Ultrasound done at
onset of symptoms may show effusion or blood. Acute episodes of back pain may
represent lumbar facet joint subluxation in hypermobile individuals which
physiotherapists and chiropractors often treat with manipulative therapy—at least
in adults. This may be similar to the phenomenon of wry neck or torticollis seen in
some hypermobile patients. Similarly ‘pulled elbow’ or radial head dislocation has
been reported in young children who have hypermobility37, but another report
failing to find a definite association indicates that it is probably only one factor in the
pathogenesis of this common disorder.38
Spinal disorders

Back pain in children requires thorough investigation and assessment; however, one of
the most common differential diagnoses is hypermobility.3,39,40 This aspect most often
affects adolescents, and is often related to particular physical activity. This
hypermobility may affect the whole spine or only a specific area of it, and often results
in an ‘S-shaped’ posture with an increased curve in the cervical, thoracic and lumbar
regions (slouched posture noted by parent when child is sitting studying for example).
The pain is often due to acute muscle spasm, and if not managed appropriately in the
early stages may result in chronic back pain, continuing poor posture, and the
associated difficulties these bring. Poor sitting posture and the weight of the books
carried at school often exacerbate symptoms. Back pain may also relate to apparent
paradoxical hypomobility of the lumbar spine felt to be related to contracture of the
hamstrings41, which in turn may represent a maladaptive pattern in the hypermobile
spine, or response to recurrent injury. Obesity, excessive sedentariness, and poor
fitness are likely to be contributory factors. These disorders may be the forerunner of
chronic adult low back pain and cervical pain disorders.

Where pain is severe or disabling, then other diagnoses need to be considered (i.e.
spondylolysis, spondylolisthesis) and these are also more likely in hypermobile subjects.
In young adults with hypermobility, disc prolapse, as well as early degenerative
osteoarthritis, also need to be considered.
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Congenital limb deficiencies

Significant congenital or idiopathic leg length discrepancies appear to occur more
commonly in hypermobile individuals, as do more severe defects such as talipes
equinovarus (TEV) or ‘clubfoot’, as described by Olshan et al in 2003 in 239 individuals
with TEV.42 Complete congenital limb defects have also been reported, Hassoon et al in
2002 describing 45 patients with complete limb defects of whom 38% had generalized
joint hypermobility.43 One may postulate the ‘hypermobile fetus’ being more at risk of
being able to attain abnormal in-utero postures or constrictions as part of the aetiology,
though this is unproven.

Chronic pain syndromes

Joint pain is common, and in some individuals this becomes chronic and appears to have
significant links to underlying hypermobility. While undoubtedly underlying behavioural,
psychological, and socio-cultural factors affect the expression of these disorders,
underlying ligamentous laxity may represent one of the physiological predispositions.
Maillard et al44 reported a link between reflex sympathetic dystrophy in children and
hypermobility, and one may postulate that recurrent sprain and strain injuries with
reduced proprioception underlie the link.

Fibromyalgia or chronic widespread pain syndrome has increasingly been associated
with underlying ligamentous laxity in both adult and paediatric populations, but not in all
studies. The period of maximum spinal growth is in the adolescent years, and the
occurrence of recurrent minor injuries and muscle fatigue in hypermobile patients may
well contribute to the onset of fibromyalgia. This was first reported in 1993 by Gedalia
et al who demonstrated a strong apparent association in a study of 338 schoolchildren,
13% of whom were hypermobile, 6% with chronic pain satisfying classification criteria
for fibromyalgia;45 17 of 21 (81%) with JFM were hypermobile, and 17 of 43 (39%) with
hypermobility had fibromyalgia. This was also reported in 2004 in a study of 1756
adolescents by El-Metwally et al46, but other studies failed to confirm the link.47

Chronic fatigue syndrome (CFS), a close relation of chronic pain syndromes in
adolescents, has also been linked to hypermobility. In 2005 van de Putte et al reported a
study comparing 32 adolescents with CFS and 167 healthy schoolchildren.48 They
demonstrated more connective tissue anomalies in CFS with lower systolic BP, higher
skin extensibility, and higher arterial stiffness, but not overall joint mobility. Barron et al
reported similar findings in a case-control study with 58 incident consecutive
adolescent CFS patients, 58 previously diagnosed CFS patients, and 58 healthy controls
from a dermatology clinic.49 A strong association with hypermobility was seen with a
Beighton score average of 4 in CFS patients compared to 1 in healthy controls (OR of
hypermobilityZ3.5 in CFS patients). Rowe et al in 1999 reported 12 patients with CFS
who also met criteria for Ehlers Danlos syndrome (six classical, six hypermobile types)
all of whom had postural tachycardia and orthostatic hypotension, features commonly
seen in CFS cohorts.50

Foot disorders

The common finding of pes planus is almost uniform in hypermobile individuals,
although in many people with flat feet generalized joint hypermobility is not recognized.
Virtually all young children have a ‘flat-footed’ appearance, the mature arches appearing
as ambulation matures. Apparent collapse of the medial longitudinal arch of the foot
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over time, with spreading of the forefoot and ankle eversion, are commonly seen in
hypermobility. Many patients may appear to have high arches in the resting position, but
it is the degree of excursion or collapse of the arch that may be important rather than
the actual resting position. This phenomenon is usually symptomatic and often benefits
from podiatry input.51

Osteoporosis

Reduce bone density has been described in Ehlers Danlos syndrome. More recently a
study of patients with benign joint hypermobility syndrome has also suggested a link. A
paediatric study of 93 children, 51 of whom were hypermobile, suggested a lower bone
mineral density in hypermobile patients and in particular those with MSK pain.52

Twenty-five consecutive Caucasian women diagnosed with benign hypermobility
syndrome by Beighton score and 23 age- and sex-matched controls were included in
the study by Gulbahar et al in 2005.53 Hypermobility was found to increase the risk for
low bone mass by 1.8 times (95% confidence interval 1.01–3.38). It is tempting to link
this with the profound fracture risk and osteoporosis seen in osteogenesis imperfecta,
another disorder with prominent ligamentous laxity. In some individuals osteogenesis
imperfecta may have a very mild phenotype and its recognition may be delayed, and
collagen defects are very similar between Ehlers Danlos syndrome and osteogenesis
imperfecta.54

Early osteoarthritis

A number of studies have linked hypermobility to early development of degenerative
joint disease or osteoarthritis. It is well recognized in genetic disorders such as
Stickler’s disease and spondyloepiphyseal dysplasia where hypermobility is prominent.
More recent work indicates that some individuals with generalized joint hypermobility
may also be at risk.55,56 Clearly ligamentous laxity is likely to be only one of a number of
risk factors, but its early recognition and management may delay onset or progression
of this common and costly condition in society.
EXTRA-ARTICULAR DISORDERS ASSOCIATEDWITH
HYPERMOBILITY

Dental and oral health disorders

Abnormal dentition is recognized in Ehlers Danlos syndrome and osteogenesis
imperfecta. Temporomandibular joint disease has long been associated with either
localized or generalized hypermobility disorders and has more recently been elaborated
in young adults. It is less common for children to present with temporomandibular joint
disease symptoms57, but by late adolescence symptoms of clicking and instability are not
uncommon, as are acute painful episodes and locking, and these may predate more
serious disc degeneration and degenerative joint disease of the temporomandibular joint
disease.58 In a study by De Coster et al, 31 EDS patients (16 hypermobile, nine classical,
six vascular) all had temporomandibular disease symptoms, 62% had periodontal disease,
and an increase in dental caries was also seen.59 In another study by the same group, 42
generalized joint hypermobility patients (24 Marfan syndrome, 19 Ehlers Danlos
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syndrome)—15 of whom were under 18 years of age—were compared with 40 non-
hypermobile controls.60 More than 70% had major symptoms of temporomandibular
disease, including myofasical pain syndrome, disc dislocation, and chronic arthralgia. The
differences from the control group were highly significant.

Urological gynaecological and obstetric issues

Genitourinary prolapse has been associated with hypermobility in adults, particularly
after parturition, and pelvic floor dysfunction is thought to be important.61 Premature
delivery has been reported, particularly in Ehlers Danlos syndrome. Rectal prolapse and
constipation have been reported. Marshman et al first reported this in 1987 in a study
of 25 patients with rectal prolapse where significant association with hypermobility of
joints was noted.62 An association between hypermobility and obstructive defecation
and lower urinary tract dysfunction has also been demonstrated in a case-control study
of adults.63 De Kort et al (2003) studied generalized joint hypermobility and bladder
sphincter dysfunction in 89 5–12-year-old children with GJH compared with 116
healthy controls of the same age.64 Major recurrent or chronic constipation was found
in 19% of hypermobile patients compared with 4% of non-hypermobile patients (males),
and also faecal soiling occurred in 34 versus 18% of males. Night-time urinary
incontinence was found in 38% of hypermobile patients compared with13% of non-
hypermobile females, and day-time urinary incontinence was found in 14% compared to
2%. Interestingly, urinary tract infections were seen in 24% of hypermobile compared to
11% of non-hypermobile females.

Gastroenterological issues

Constipation has been reported to be increased in children with hypermobility.22,62

One could postulate that generalized tissue laxity might also involve the colonic and
rectal connective tissues, with relative hypomotility contributing to delayed defecation
in some individuals.

Hypertrophic pyloric stenosis has recently been reported to be associated with
hypermobility in one study; 37 children with pyloric stenosis were studied, and an
increased frequency of hypermobility was noted in both the affected children and the
parents.65

Vascular disorders

Vascular fragility—and in particular rupture of vessels—has long been recognized in
Ehlers Danlos syndrome, particularly in the vascular subtype in which patients suffer
marked bruising, bleeding, and rupture of major vessels. More minor problems are also
seen in the other subtypes (classical and hypermobile types). In themore benign JHS easy
bruising is commonly reported in children22, although most of these are minor bruising
episodes. Interestingly, Kaplinsky et al reported 44 patients with abnormal bleeding or
bruising referred to a haematology clinic for investigation, all of whom had normal
coagulation studies.66 On the basis of joint examination (thumb flexibility), 30/44 (68%)
were deemed to be hypermobile compared to 1/260 controls (0.4%), and thus such
individuals were felt to have undiagnosed Ehlers Danlos syndrome. The reasons for this
phenomenon are not well explained but may represent molecular abnormalities in
platelet and vessel wall interactions as much as vascular fragility.67



Table 5. Known genetic conditions associated with joint hypermobility.

Condition Specific Type (previous

terminology)/Inheritance

Gene Defect/Variation(s) Biochemical/structural

Defect

Comments

Ehlers Danlos syndrome68,69 Hypermobile (Type III,

Arthrochalasis multiplex

congenita) A/D

? Multiple ? Collagen Dominant ligamentous laxity

Classical (Type I and II or

Gravis/Mitis) A/D or A/R

COL5A1 (Gly530Ser) -mild

or COL5A2 (A/D)

Tenascin X (A/R)

COL1A1 (rare A/D)

Collagen fibril ‘abnormality’ Variable ligamentous laxity

Vascular fragility

Skin distensibility and

fragility

Vascular (Type IV) A/D COL3A1 Abnormal type III collage Vascular rupture

Variable ligamentous laxity

Down syndrome70 Trisomy 21 ? COL3A1 expression

? COL6 expression

Marked laxity

Atlanto-axial subluxation

Stickler syndrome71 Hereditary arthro-

ophthalmopathy

COL2A1 Severe Myopia, early

degenerative OA,

ligamentous laxity

Bony Dysplasias72 Spondyloepimetaphyseal

Dysplasia with Joint laxity,

Spondylo Epiphyseal

Dyspsia, Sed Tarda

X-linked Sedlin gene,

A/R and A/D forms

Mixture of generalised laxity

and stiff degenerating joints

Other Bony Dysplasias Acromelic

Metatropic

Pseudoachondroplasia

Variable ligamentous laxity

found in most

Osteogenesis imperfecta73 Type I Ligamentous laxity common

Velocardiofacial or

Shprintzen syndrome74
A/D 22Q11 deletion Variable ligamentous laxity

and JIA

Hadju Cheney syndrome75 A/R Acro-osteolysis of digits

Variable joint laxity

Marfan syndrome76 A/D Fibrillin Fibrillin Ligamentous laxity in 85%

Mitral valve prolapse

Superior lens dislocation
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GENETICS AND THE AETIOLOGYOF HYPERMOBILITY

Table 5 lists the well-described associations of defined genetic disorders with
ligamentous laxity.68–76 Even well-described disorders such as Ehlers Danlos syndrome
have remarkable genetic and phenotypic heterogeneity. Whilst some forms have single
gene defects that have been identified (in collagen formation in particular), inheritance
is far from straightforward. What this teaches us perhaps is that many genes affect the
integrity of joint and other tissue structures, not just collagen, and thus it is likely that
common conditions such as JHS and even the hypermobile type of Ehlers Danlos
syndrome (which seems to be a close relation) may well not be single gene defects but
represent common gene variants at similar loci, or more likely complex genetic traits
where multiple allelic variants at different loci have additive or synergistic effects
influencing the overall phenotype of joint laxity.68 This might explain why often both
parents, or individuals from both families, have evidence of joint laxity when a child with
marked laxity is identified.

Marfan syndrome, which has been linked to defects in the fibrillin gene, has clear
links to ligamentous laxity as well as cardiac valve tissue and lens capsular laxity. In a
study of 75 patients (27 of whom were children), Grahame et al noted marked thinness
and hyper-extensibility of the skin in many patients;76 40% had major musculoskeletal
problems, all of whom were over 5 years of age, and 85% were considered to be
hypermobile. Symptoms were much more frequent in adults in general, especially spinal
pain.

Further understanding of the genetics of ‘benign’ JHS will require large cohorts of
patients and multiple families studies with application of the sophisticated molecular
genetic techniques now available. Whilst there are many candidate genes, it is likely that
many new ones will be found which influence the phenotype of tissue laxity and fragility.
KEYASPECTS OF MANAGEMENT FOR HYPERMOBILE CHILDREN

A positive diagnosis is a key issue for embarking on management of hypermobile
patients. Rather than being a diagnosis of exclusion, hypermobility can be easily
recognized and understood with appropriate history-taking (including family history)
and a detailed examination (see Figure 1). Hypermobility is often ‘missed’ because it is
not examined for in a situation where the exclusion of inflammatory or destructive
rheumatic conditions is the expectation of patient and physician alike. Many parents and
children will be unaware of their ligamentous laxity or of its importance, though after
diagnosis they will readily identify many members of the family tree sharing similar
symptomatic histories and likely to have JHS.

Perhaps more important is the recognition that although symptoms can be troubling
they are often benign and self-limiting with a good prognosis for future function.
Appropriate limitation of further investigation and inappropriate drug therapy is
sometimes more important than any specific therapeutic initiative. Information and
education are paramount as part of the teaching of self-management in these patients
and families. A detailed treatise on this topic is beyond the scope of this chapter, but the
topic has been well described for paediatric patients with JHS in a recent publication for
physiotherapists.77 Involvement of one or more physical therapists—such as
physiotherapy (musculoskeletal/sports), occupational therapy, and podiatry—is
important for most patients.
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The key principles behind the techniques used in physiotherapy for JHS include:

† increasing the strength of muscles, especially into the hypermobile range;
† improving the stamina of muscles;
† improving the general fitness of the child;
† re-educating the gait to avoid or correct abnormalities in biomechanics;
† returning to normal activities and functioning;
† education of the child and family to enable them to continue to manage the

condition with minimal reliance on medical input or medication.

These aims work together to ensure that the child has a stable joint protected by
strong, fit muscles, enabling them to manage their symptoms independently at home
with the minimum of external support (i.e. splints, professional support etc).
TREATMENT METHODS

Joint stability and muscle strength

Improving dynamic muscle control to supplement the ligamentous insufficiency should
minimize trauma to joints. It is commonly recognized that children respond well to a
muscle-strengthening programme, andwhile theymay not improve theirmuscle bulk, they
do improve strength and their neuromuscular coordination, thusmaking themusclesmore
effective.78 It is often useful, especially if the child is experiencing significant pain, to start on
some static exercises in the hypermobile range before progressing to dynamic work and
thenon to resistedwork.79,80 Theexercises should alsoprogress fromnon-weight-bearing
toweight-bearingwork. Splinting of hypermobile joints should rarely be recommended, as
this is likely to exacerbate the ineffective use of the muscles, causing them to become
weaker still and more prone to injury. In addition it can in effect inhibit the rehabilitation
programme and add to the impression that there is a more serious medical disorder
requiring therapy to be provided rather than from the parents and child’s own home
management. However, the use of limited types of support or devices such as pen grips can
be a good adjunct to a hand-muscle-strengthening programme, as they reduce the force
required to sustain the gripping of a pen, therefore reducing the pain and fatigue
experienced in fingers and wrists during school work for example.

Gait re-education

A combination of hypermobile joints, reduced proprioception, weak muscles and
reduced stamina can profoundly affect the gait of a child with BJHS. To correct this the
causes of the abnormalities need to be identified and worked on separately before the
gait will improve. However, it is important that the child recognizes the abnormalities in
their gait and learns to correct them; the use of video recording and a mirror can aid
this and give the child positive feedback as they work on improving their gait.

Functional tasks

Children with BJHS often adapt to their hypermobility by altering the mechanics of how
they function. This often leads to increased pain, pain in other locations, and increased
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fatigue. It is therefore important to work on specific functional activities and to develop
with the child energy-saving, biomechanically correct, safe and pain-free ways of
approaching these actions. Practising these movements can be included in their
rehabilitation programme: i.e. step-ups on a stair, repeated sitting to standing from a
chair etc.
Balance

Given that proprioception and balance are often reduced in children with BJHS,
techniques related to these problems should be incorporated into the programme.
This can easily be done by encouraging the child to practise standing on one leg,
without shoes and socks on, and by using a balance (wobble) board to progress
this further. ‘Rhythmical stabilization’ is also a useful method to improving postural
stability both globally and specifically. Weight-bearing exercises are also useful
in progressing this further for both upper limbs (e.g. prone kneeling) and lower
limbs.
General fitness

Children with BJHS will often have been very sedentary due to their pain and weakness,
and therefore they are usually generally unfit. It is therefore important to incorporate
some aerobic fitness work into the rehabilitation programme. Care needs to be taken
early on in the programme, when they still have suboptimal muscle strength, to ensure
that the fitness aspect of the programme is of low impact to the joints so that the joint
symptoms are not increased and the child and family do not lose faith in the programme.
We have commonly seen resistance by the child and family to physiotherapy
interventions as they have often experienced previous attempts increasing the pain.
This is usually due to progressing the programme too fast and/or poor compliance with
regular home exercise needed to build muscle strength. Swimming is a highly desirable
methodof exercise as it is usually ‘low stress’ for the joints and is a good aerobic activity. It
is preferable that a normal swimming pool is used for ongoing management, as
hydrotherapy pools are too hot for distance swimming. Bicycling is also very good for
aerobic work and again does not over-stress the other joints. However, as soon as the
strength improves, normal aerobic and sporting activities can be included providing that
they form part of the pacing programme.
Hydrotherapy

Water-based therapies can be a very beneficial adjunct to the treatment of BJHS. The
heat will provide pain relief and help to reduce any muscle spasm, and the effects of
buoyancy will support the joints, allowing strengthening exercises to be performed.
This is often very useful at the beginning of the treatment programme when pain and
stiffness are often significant features.81 Hydrotherapy provides many opportunities to
work on specific muscle strength and stamina, as well as working on postural stability.
However, it is important that the child and family do not perceive that this is the only
treatment, and that they realize that most of the programme is for them to complete as
a home exercise programme.
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Pain relief

It is important for the child and family to understand that the pain is due to the
hypermobility and associated musculoskeletal insufficiencies and not to any other
pathology such as an inflammatory arthritis condition. It is then easier to
understand why a rehabilitation programme is the treatment of choice. The family
often needs to be reassured that the pain will ease but only when the muscles are
strong and fit and are protecting the joints more fully, and when the child is
functioning normally both biomechanically and generally (i.e. walking correctly and
attending school fully etc.). It is often found that the pain is the last thing to
improve and only does so slowly, and this should be emphasized at the start of the
programme. Children and parents are often counselled that rehabilitation is often
prolonged: e.g. for a child who has had 18 months of pain and disability it may take
this time again before they return to full pain-free independent function. It is
difficult to quantify the degree of pain that is acceptable within the rehabilitation
programme; however, we expect the pain to be of a moderate to mild degree, and
it should be expected on and off over the years and will often worsen if the
patient becomes unfit.

It is important for the children and family to realize that the pain of
hypermobility does not signify damage or primary inflammatory arthritis, but
indicates sprain- and strain-type injury due to poor control of the joints, and is
usually benign and self-limiting if managed well. Other methods of pain relief—such
as hot packs or cold packs on specific joints—may be of use. Transcutaneous
electrical nerve stimulation (TENS) machines may also have a role to play in this
aspect, but must be seen only as a supportive treatment and not as a solution, and
that their use will not replace the rehabilitation programme. Relaxation and
distraction techniques can be used to help the child or young person manage their
pain. This is often useful at night-time if they have difficulty sleeping due to the pain
and discomfort. It can also be used in many other situations, for example at school
during break, to ensure that they are able to manage the rest of the day. Massage
may also be a very effective way of easing any pain, especially if it is due to muscle
spasm.
Pacing

Pacing is an extremely important part of the rehabilitation of a child with JHS. It is
very often the case that the child will report playing football, going swimming, going
out with their friends and dancing at the weekend. They are then very sore on
Monday and are unable to attend school; however, by the weekend they have
recovered enough to be able to do many activities again, and the cycle continues.
This causes a constant ‘peaking and troughing’ of symptoms and causes a major
disruption to life. Eventually this may form part of a ‘school refusal’ pattern.
The idea of pacing is to stop this by evening out activities and building them up
again slowly. Specific tasks that must be completed are, therefore, set for each day,
no more and no less, and they must be done whether there is a lot of pain or just
a little. This is decided by the level of disability experienced by the child and by
their level of fitness as the initial phase of the programme. This is then gradually
increased weekly until they are able to do everything. This technique must include
school attendance as one of the tasks, and must limit the activities at the weekend.
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Then there is an evening out of tasks over the whole week, and a reduction of the
peaking of pain as before.

For this programme to work effectively, everyone involved in the care of the
child should be included in planning the pacing. This should include the child,
parents, school and therapist as a minimum. A written agreement may be used to
facilitate progression and to ensure that the programme is developed between the
therapist and the family. It is also often useful to develop a ‘back-up’ plan if
problems arise, so that the original problems do not develop again or can be more
rapidly brought under control.

Psychology

In some cases where pain and loss of independent function are profound, it is important
to include a clinical psychologist in the management team. Frequently they will identify
psychosocial stressors, which are playing a role in the presentation, as well as patterns
of belief and cognitive functioning, which are maladaptive. They will be able to help
develop pain management skills for the child, as well as generally help the family to cope
with the condition and to understand its impact on the whole family. Many families find
this support invaluable and are able to change many unhelpful coping strategies into
helpful ones, and are able to leave behind the ‘chronic pain cycle’ that may have
developed in the preceding phase.81

Occupational therapy/hand function

Occupational therapists have a role in improving hand dysfunction which is common
and rarely appreciated as being linked to ligamentous laxity. Finger hyperextension is
one of the most common features of hypermobility in the upper limbs, and, therefore,
hand function is often affected. This is seen particularly in school children where
prolonged writing tasks become necessary and pain and fatigue are encountered. Many
will have been admonished for poor handwriting in school. In some children it is
important to include an exercise programme specifically for the fingers and wrists to
improve the pain-free function and to protect the joints. This can include exercises with
putty, micro-theraband or wax, as well as assessing the posture during the performance
of tasks and working on any ineffectiveness. The use of pen grips or ‘fat’ pens, or
periods of rest may help with ‘sloppy’ writing, but the provision of splints should be
avoided, as this will encourage muscle weakness. Occupational therapy assessment of
writing function is often very useful to correct abnormal positions of the fingers, hand
and general posture, as well as to provide ideas to correct these such as the provision of
a sloping writing board. It is also important to consider the ergonomics of the chairs
and tables and other school equipment being used to ensure that the optimum posture
is achieved. Involvement with occupational therapists and the use of pen grips or wide
pens and pencils as well as sloping writing surfaces will help many patients, as will use of
a laptop computer, particularly in exam situations. Wrist splints are rarely useful and
may contribute to weakness.

Podiatry

Children with BJHS often present with very pronated, flat feet as a result of their
hypermobility, and this can contribute to lower limb symptoms. This will often respond
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very well to the use of orthotics in the patient’s shoes. These often take the form of heel
cups or arch supports that will support the position of the subtalar joint and support the
medial arch, correcting the foot position. Though it can be argued that this may be
encouraging weaker foot muscles, in practice the benefits of correcting the
biomechanics of the foot has such a positive effect upon the whole gait pattern that it
is a preferential course of treatment.48 In many cases correcting the biomechanics of the
feet significantly reduces the abnormal forces throughout the other joints, therefore,
reducing the pain experienced (such as anterior knee pain).
Surgical considerations

Surgical options for the treatment of excessive joint laxity have been used for many
decades but—except in limited circumstances—probably have limited usefulness. Lateral
release of patellar ligaments has been fashionable, but evidence supporting its long-term
efficacy is limited.82 Patients with Ehlers Danlos syndrome are known to heal slowly, often
with poor scar formation, and the situation seems to be similar in patients with JHS.
Awareness of this is considered important for prospective surgeons. Clearly where
impending joint failure due to excessive laxity seems imminent then corrective surgery has
a role, as it does in rehabilitation of the degenerative osteoarthritic joint or spinal canal.
CONCLUSIONS

Joint hypermobility is a phenomenon with many forms of potential clinical presentation
in young people. Positive recognition and avoidance of unnecessary investigations and
drug therapy are among the most important interventions. Most patients are well
managed with simple advice and reassurance. Modification of activities may be required
to redress the balance between healthy physical activities and high-impact physical
pursuits. If untreated or undiagnosed, hypermobility can at times result in the
development of a ‘chronic pain cycle’ and a high level of disability. This will then require
an intensive musculoskeletal rehabilitation programme to manage the symptoms
effectively. It is vital that the child and family are clear in their understanding of the
condition and that usually a self-management-led programme with support from health
professionals is the most appropriate long-term treatment approach. The future will no
doubt yield more appropriate assessment tools83 and perhaps genetic analyses for
identifying children at risk, thus allowing earlier implementation of preventive
strategies.
Practice Points

† a complete musculoskeletal examination should include an assessment of
specific joint and overall range of joint motion to detect hypermobile
individuals

† most individuals considered to be hypermobile will not develop major or
chronic musculoskeletal problems

† in hypermobile individuals regions of reduced mobility can often be found and
often indicate areas of recurrent injury, soft tissue stress or ‘mal-adaptive



tightening’ (tendo-achilles, hamstrings-low back)/Loss of mobility is not a
desirable outcome

† podiatry referral and use of orthotic insoles improve many lower limb
symptoms in hypermobile children

† physiotherapy is useful for those with more chronic symptoms and emphasises
improving fitness, strength of core trunk muscles, improvement of
proprioception and maintenance of rather than loss of, overall range of motion

† many tissues are potentially affected by laxity in hypermobile individuals and the
physical examination should include measurement of skin hyperelasticity, and
documentation of abnormal scars and bruises

Research Agenda

† large prospective multi-centre cohorts of children and adolescents with
hypermobility need to be followed over many years to determine true
prevalence and risk for musculoskeletal disorders

† such studies should include detailed documentation of clinical issues or
features other than joint laxity such as neurodevelopment, tissue fragility, and
systemic symptomatology such as constipation and urological symptoms

† studies are required using multiplex multi-generational families to search for
likely target genes as well as genome wide techniques to determine novel genes
involved in tissue laxity. This will inform subsequent biochemical studies of the
molecules involved in tissue integrity. Thus the inheritance and pathophysiol-
ogy of the complex genetic traits likely to underlie the hypermobility disorders
will be determined

† controlled research studies are required to prove cost-effectiveness of the
allied health interventions of podiatry (orthotics) and physiotherapy in
symptomatic hypermobile populations

† public health initiatives based on preventive strategies including sedentariness
and obesity, injury prevention and recovery should be trialled in at-risk
hypermobile populations
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