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Abstract
Objectives: Hypermobility has been associated with injury and performance and a new
hypermobility framework has been introduced. This study aimed to report the prevalence of
localised joint hypermobility, generalised joint hypermobility (GJH), peripheral joint
hypermobility and hypermobility Ehlers-Danlos type in female rugby players, male rugby
players, female netball players, female dancers, male and female controls.
Methods: This study determined joint hypermobility via the Beighton score and the associated
criteria of the hypermobility spectrum in 378 participants.
Results: Localised joint hypermobility ranged from 61.11% (netballers), 57.33% (female
rugby), 48.15% (male controls), 46.30% (male rugby), 38.33% (female controls) to 28.57%
(female dancers). Significant differences existed for Beighton scores (p<0.001) between female
dancers and all other cohorts, female rugby and male controls (p=0.005), male rugby and
netball (p=0.001), netball and male controls (p=0.001) and female controls and male controls
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(p=0.021). Prevalence of GJH ranged from 69.84% (female dancers), 25% (netball), 21.67%
(female controls), 18.67% (female rugby), 3.70% (male rugby) to 1.85% (male controls). In
participants with GJH, dancers had the highest prevalence of pain and dislocation/subluxation.
Significant differences existed between dancers and all other groups for hypermobility EhlersDanlos type criteria (p<0.001). Five participants met the criteria for diagnosis of hypermobility
Ehlers-Danlos type. Male rugby players had the highest prevalence of peripheral joint
hypermobility (29.63%).
Conclusion: Significant findings between dance and other cohorts may highlight a potential
performance adaptation. Significant findings between control groups for the Beighton score
may indicate a gender effect. There is a need to consider these factors in relation to performance
and injury.

Keywords: Beighton score, general joint hypermobility, hypermobility Ehlers-Danlos type,
peripheral joint hypermobility, female dancers

Introduction
Joint hypermobility (JH) is the capability of a joint to move passively and/or actively beyond
normal limits along physiological axes1 and is a descriptive term rather than diagnostic.1 JH is
determined via the Beighton and Horan Joint Mobility Index2 which provides a Beighton score
(BS). The BS assesses five joint movements that provide a maximum score of 9 with scores of
≥4 classified as hypermobile.3 However, the literature lacks clarity with values of 4, 5 and 6
defined as hypermobile.4 Recently a new spectrum of JH related disorders has being proposed
that cluster the phenotypes presenting JH plus one or more of its secondary musculoskeletal
manifestations (dislocations, subluxations, soft tissue injuries, chronic pain, disturbed
proprioception and bone mass changes) that do not fulfil the criteria for hypermobility EhlersDanlos type (hEDS).1 These spectrums are: localised JH (JH at fewer than 5 types of joints);
generalised joint hypermobility (GJH) spectrum disorder (JH in 5 or more joints); peripheral
JH disorder (present in hands or feet only) and historical JH disorder (present in adults whom
have lost GJH via the aging process and associated range of motion (ROM) reductions). Prior
to this framework1, joint hypermobility syndrome (JHS) was advocated to describe a
connective tissue disorder associated with hypermobility in which musculoskeletal complaints
are present in the absence of systematic rheumatological disease.5 JHS was diagnosed by the
Revised Brighton criteria (1998) consisting of 2 major and 8 minor criteria6 characterised by
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the presence of symptoms including arthralgia, dislocation, subluxation, spinal conditions, soft
tissue rheumatism, marafanoid habitus, abnormal skin, eye signs, varicose veins and hernia
which may have a detrimental impact on life quality and athletic performance. However as the
presence of JH and related musculoskeletal symptoms are not a syndrome use of the spectrum
is recommended.1

JH commonly occurs in hereditary connective tissue diseases that affect connective tissue
matrix proteins and includes Ehlers Danlos Syndrome with particular prominence in Type III,
Type I and IV of Osteogenesis Imperfecta and Marfan syndrome7 which are associated with
morphological features and increased joint dislocation, bone fragility and skin
hyperextensibility.8 Previously some experts considered that JHS and hEDS were the same
condition.9 Following review, Ehlers-Danlos syndromes are defined as heterogeneous heritable
connective tissue disorders associated with JH, skin extensibility and tissue fragility which
have recently been classified into 13 subtypes.10 Previously the Villefranche Nosolgy11 was
used to provide clinical diagnostic of Ehlers-Danlos syndromes which defined six subtypes
with associated major and minor criteria with the assumption these subtypes were due to altered
fibrillar collagen gene structure or changes in the genes that encoded collagen modifiers. The
lack of a genetic defect in Ehlers-Danlos syndromes10 resulted in a clinical classification
utilising previous descriptive names that highlights the characteristic manifestations of the
phenotype and the development of major and minor criteria for each subtype.

JH and JHS have increased prevalence in Asians and Africans in comparison to white
Caucasians12 and is more prevalent in females13,14 and within sporting populations than the
general population. JH has been associated with an increased risk of injury in rugby15, netball16
and dance17,18 and a meta-analysis demonstrated increased injury risk at the knee but not the
ankle in contact sports in JH individuals.19 In rugby, JH may be a risk factor for injury due to
the increased physical contact associated with tackling15 while a trend towards impaired
movement control was reported in netballers with GJH.20 McCormack et al21 reviewed the
incidence of JHS at the Royal Ballet and concluded that previously injured hypermobile
dancers were less likely to progress into the profession and a 5 year follow up of these dancers
suggested they were prone to injuries and had more time absent from dancing due to injury. 22
Klemp et al17 reported an injury prevalence of 33.3% in JHS dancers which was significantly
greater than non-JHS dancers. Proprioception and neuromuscular control is impaired in
hypermobile individuals with Ehlers-Danlos sydrome23 and the relationship between reduced
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proprioception and muscle strength may have a detrimental effect on physical activity levels. 1
Recent research has advocated that the Beighton score may potentially predict arthralgia in
female rugby players and female controls and dislocation and subluxation in in male rugby
players and controls.24 For JH, specific physiotherapy treatment strategies including strapping
or bracing may increase joint stability and reduce arthralgias, joint subluxations/dislocations
and sprains.25 In sports and activities that require a high degree of flexibility such as dance,
hyperflexibility might be beneficial for performance.26 Aesthetic demands may influence the
selection of hypermobile dancers for dance schools and within ballet, JH may be an asset27 and
its identification can allow sport selection which maximises physical attributes and minimises
injury risk.
An enhanced understanding of hypermobility within the new hypermobility spectrum1 may aid
injury prevention and performance management and allow appropriate interventions via
strength and conditioning programmes and training load monitoring. The primary aim of the
study was to report the prevalence of localised JH and GJH in female rugby players, male rugby
players, female netball players, female dancers, male and female controls. The secondary aim
was to report the specific secondary musculoskeletal manifestations of GJH and peripheral JH
and hEDS prevalence within these cohorts.

Materials and methods
Participants
Three hundred and seventy-eight participants volunteered to participate in this study and their
demographics are outlined in table 1. Sport and dance groups were standardised for weekly
participation levels of 8 hours per week of training/matches and rehearsals. Controls were
recruited by asking for volunteers via a poster campaign within the university. All participants
were 18 years of age or older and were excluded from the study if they had suffered an injury
in the previous 30 days28 which prevented training, match or dance class participation.
Participants completed a medical screening questionnaire prior to participating in the study and
additional exclusion criteria included heart disease, pregnancy, rheumatoid arthritis and
scoliosis. Informed consent was obtained from all individual participants included in the study.
Participation was voluntary and participants were provided with information sheets and
completed informed consent forms prior to participation. All procedures performed involving
human participants were in accordance with the ethical standards of the institutional research
committee and with the 1975 Helsinki declaration as revised in 1983.
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Table 1 participant demographics
Group

Age (years)

Height (cm)

Mass (kg)

Ethnicity

FR (n = 75)

20.29 ± 1.76

165 ± 8.63

74.40 ± 17.67

74 white Caucasian
1 black Caribbean

MR (n = 54)

21.24 ± 2.87

180 ± 7.27

89.46 ± 16.49

51 white Caucasian
3 black Caribbean

NP (n = 72)

20.79 ± 1.54

169.49 ± 7.61

66.47 ± 10.91

71 white Caucasian
1 Asian

FD (n = 63)

21.01 ± 1.19

161.83 ± 7.20

59.19 ± 5.22

61 white Caucasian
1 Hispanic
1 Asian

MC (n = 54)

21.01 ± 1.23

175.56 ± 7.92

76.95 ± 9.17

52 white Caucasian
2 black Caribbean

FC (n = 60)

20.61 ± 1.18

163.86 ± 7.83

64.12 ± 9.51

59 white Caucasian
1 black African

Procedures
All testing was conducted indoors under the supervision of the same researcher and prior to
testing the participants’ height (cm) was measured using a stadiometer (Leicester Height
Measure, Child Growth Foundation, Leicester, UK) and body mass (kg) were recorded using
digital scales (Salter 9028, Kent, UK). The participants date of birth and ethnicity was recorded
and participation in other sports and dance was determined prior to testing to ensure that
participants did not cross participate and no individuals were found to cross participate. Testing
was conducted prior to training or dance classes to prevent any potential effects of exercise on
JH and participants did not participate in exercise for at least 12 hours prior to testing due the
potential effects of warm up on joint ROM.29

JH screening
The BS2 was used to measure localised JH, GJH, peripheral JH and hEDS. The BS has an
Intraclass Correlation Coefficient (ICC) of 0.91 and a kappa score of 0.74.30 The researcher
who was a physiotherapist with 16 years of experience in BS classification performed all
measurements by measuring ROM of the 5th metacarpophalangeal joints (1 point each joint),
273

thumbs (1 point each joint), elbows (1 point each joint), knees (1 point each joint) and lumbar
spine (1 point) providing a maximum score of 9. A goniometer (Vivomed, UK) was used to
measure all joints except the lumbar spine for which JH was classified as yes/no based on the
participants ability to put the palms of their hands flat on the floor. All tests were performed as
described by Juul-Kristensen et al.30 Intra-rater reliability was calculated using an ICC (3,1)31
by the researcher measuring JH using the BS of 10 participants who were not part of the
investigated population on 2 separate occasions 24 hours apart. Participants were instructed not
to participate in sport, dance activity or warm up during this 24 hour period to reduce the
potential for ROM adaptations. Intra-rater reliability for total BS had an ICC of 0.96 indicating
excellent reliability.

Localised JH, GJH spectrum disorder, peripheral JH
Localised JH was defined as a BS of 1 to 41 and GJH as a BS≥51 plus one or more secondary
musculoskeletal manifestations of: (1) Musculoskeletal pain in two or more joints recurring
daily for at least 3 months. (2) Chronic widespread pain for ≥3 months. (3) Recurrent joint
dislocation or joint instability in the absence of trauma (three or more atraumatic dislocations
in the same joint or two or more atraumatic dislocations in two different joints occurring at
different times or medical confirmation of joint instability at ≥2 sites not related to trauma).1
Peripheral JH is only present in the hands of feet1 and in this study was assessed in the hands
only as per the BS.2

hEDS
Clinical diagnosis of hEDS required the simultaneous presence of criteria 1, 2 and 3 which are
composed of the following: (Criteria 1) GJH (BS ≥5). Two or more from the following
subsections (Criteria 2): (a) Systematic manifestations of generalised connective tissue disorder
for which a total of five must be present which are outlined in table 2.10 (b) Positive family
history with one or more first degree relatives meeting the criteria for hEDS. At least one of:
(c) (i) Musculoskeletal pain in two or more joints recurring daily for at least 3 months. (c) (ii)
Chronic widespread pain for ≥3 months. (c) (iii) Recurrent joint dislocation or joint instability
in the absence of trauma (three or more atraumatic dislocations in the same joint or two or more
atraumatic dislocations in two different joints occurring at different times or medical
confirmation of joint instability at ≥2 sites not related to trauma).1 (Criteria 3): Other connective
tissue disorders such as lupus and rheumatoid arthritis must also be excluded.
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For those features that for clinical diagnosis were outside the researchers clinical expertise
(recurrent or multiple abdominal hernia, pelvic floor, rectal or uterine prolapse, dental
crowding, mitral valve prolapse and aortic root dilation) participants were asked if they had
suffered from these conditions and a positive family history for all criteria was determined via
questioning. Skin hyperextensibility was measured via the pinching of the cutis on the volar
surface of participants non-dominant forearm midway between the lateral epicondyle of the
humerus and the distal head of the radius with the forearm supinated.32 The measurement was
performed with skin callipers (Harpenden Skinfold Calliper, British Indicators, West Sussex,
UK) by the researcher and a positive diagnosis was deemed as > 2cm.32 Abnormal scarring was
defined as contusion based broad scars with thin wrinkled surface located on the extensor
aspect of the elbows, knee and lower legs and was defined as present or absent.33
Table 2 Clinical features of hEDS10
Clinical features
Skin extensibility
Unexplained striae
Bilateral piezogenic papules of the heel
Recurrent or multiple abdominal hernia
Atrophic scarring at ≥2 or more sites
Pelvic floor, rectal or uterine prolapse
Dental crowding or high or narrow palate
Positive bilateral wrist sign (Steinberg)
Positive bilateral thumb sign (Walker)
Arm span to height ≥1.05
Mitral valve prolapse
Aortic root dilation

Participants were provided with an adapted version of a validated and previously published
questionnaire which had been used to score Brighton criteria responses.24 This questionnaire
determined the prevalence of hEDS criteria. To quantify questionnaire responses a positive
response to a question was awarded 1 point and a negative response 0 points allowing a
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maximum score of 17 points. The researcher was present to answer any queries during
completion of the questionnaire.

Statistical analysis
The data satisfied the criteria for normal distribution and the total BS and total hEDS score
were analysed using a one-way Anova to determine significance and a partial eta squared test
(ᶯ2) was used to calculate effect size. The assumptions of homogeneity of variance were
determined using a Levene’s test and were not met therefore a post hoc Games-Howell test was
performed to identify significance differences between groups. All results were reported as
means and standard deviations and significance was accepted as P<0.05. Statistical analysis
was performed using SPSS version 23 software (IBM Inc.)

Results
Localised JH, GJH prevalence and mean BS and hEDS scores
Table 3 summarises localised JH, GJH prevalence (total number and percentage of group
value) and mean BS and hEDS scores. The number of participants who did not have any JH
ranged from 50% (male rugby and male controls) to 1.59% (dancers). Localised JH (BS 1-4)
ranged from 61.11% (netballers) to 28.57% (dancers). GJH (BS≥5) prevalence ranged from
69.84% (dancers) to 1.85% (male controls). Dancers demonstrated the highest BS (4.89±1.76)
and hEDS criteria prevalence score (1.51±1.06) and male controls the lowest BS (1.07±2.17)
and hEDS criteria prevalence score (0.53±0.68). There was a statistically significant difference
between groups for BS (F=29.001, p<0.001, ᶯ2=.28) and post-hoc analysis revealed a
significant difference between dancers and all other groups. Statistically significant findings
are reported in table 4.
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Table 3 Localised JH, GJH prevalence and mean BS and hEDS scores
CS

FR

MR

NP

FD

MC

FC

BS

18

27

10

1

27

24

(0)

(24%)

(50%)

(13.89%)

(1.59%)

(50%)

(40%)

43

25

44

18

26

23

(57.33%)

(46.30%)

(61.11%)

(28.57%)

(48.15%)

(38.33%)

BS (≥5)

14

2

18

44

1

13

GJH

(18.67%)

(3.70%)

(25%)

(69.84%)

(1.85%)

(21.67%)

2.27

1.33

2.88

4.89

1.07

2.18

(2.24)

(1.97)

(2.03)

(1.76)

(1.55)

(2.17)

0.77

0.70

0.79

1.51

0.53

0.60

(0.89)

(0.88)

(0.82)

(1.06)

(0.68)

(0.79)

BS
(1-4)
Localised JH

Mean BS

Mean hEDS

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female
Dancers, MC; Male Controls, FC; Female Controls; CS; Classification Score, BS Beighton Score, hEDS:
hypermobility Ehlers-Danlos type
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Table 4 Games-Howell post-hoc analysis of BS
Group

MD

95% CI

p value

FR

2.62

1.64-3.60

< 0.001†

MR

3.56

2.55-4.57

< 0.001†

NP

2.01

1.06-2.96

< 0.001†

MC

3.82

2.94-4.69

< 0.001†

FC

2.71

1.67-3.74

< 0.001†

FR

MC

1.20

0.24-2.15

0.005*

MR

NP

-1.55

-2.58- -0.50

0.001*

NP

MC

1.74

0.64- 2.83

0.001*

FC

MC

1.11

0.11-2.12

0.021*

FD

†

= P<0.001

* = P<0.05

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female
Dancers, MC; Male Controls, FC; Female Controls, MD; Mean Difference; CI; Confidence Intervals

hEDS prevalence
Five participants met the criteria for a clinical diagnosis of hEDS (1 female rugby player, 1
netballer and 3 dancers). There was a statistically significant difference for hEDS criteria
prevalence as determined by one-way Anova (F=10.31, 375, p<0.001, ᶯ2=.12) and post-hoc
analysis revealed a significant difference between dancers and all other groups. Statistically
significant findings are reported in table 5.
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Table 5 Games-Howell post-hoc analysis of hEDS criteria prevalence
Group
FD

†

MD

95% CI

p value

FR

0.73

0.25-1.22

< 0.001†

MR

0.80

0.28-1.32

< 0.001†

NP

0.72

0.24-1.19

< 0.001†

MC

0.98

0.51-1.45

< 0.001†

FC

0.91

0.42-1.39

< 0.001†

= P<0.001

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female
Dancers, MC; Male Controls, FC; Female Controls, MD; Mean Difference; CI; Confidence Intervals

Table 6 summarises positive scores for hEDS criteria (total number and percentage of positive
contribution). Within the dislocation/subluxation category, 46 positive scores were for
dislocation and 4 for subluxation (2 male rugby, 2 female rugby). For abnormal skin all 6
positive scores were for skin hyperextensibility. With regard to the varicose
veins/hernia/uterine and rectal prolapse category, 9 positive scores were for varicose veins and
3 for hernia (1 female rugby, 1 dancer, 1 rugby male).
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Table 6 Positive score contribution to hEDS criteria
Chronic
Pain up to
widesprea
Group

3m

VV HE UP
D SUB

MH

FH hEDS

AS

d pain ≥ 3

RP

≥ 2 JT
m

FR

MR

NP

FD

MC

FC

26

3

13

0

0

3

1

(34.66%)

(4%)

(17.3%)

(0%)

(0%)

(4.0%)

(1.33%)

25

3

4

1

0

4

0

(46.30%)

(5.55%)

(7.41%)

(1.85%)

(0%)

(7.41%)

(0%)

28

1

6

1

1

1

2

(38.88%)

(1.39%)

(8.33%)

(1.39%)

(1.39%)

(1.39%)

(2.78%)

21

7

12

0

4

2

4

(33.33%)

(11.11%)

(19.05%)

(0%)

(6.35%)

(3.17%)

(6.35%)

17

0

6

0

1

1

0

(31.48)

(0%)

(11.11%)

(0%)

(1.85%)

(1.85%)

(0%)

10

4

9

0

0

1

1

(16.67%)

(6.67%)

(15%)

(0%)

(0%)

(1.66%)

(1.66%)

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female Dancers,
MC; Male Controls, FC; Female Controls, BS; Beighton Score, M; Month, JT; Joint(s), D; Dislocation, SUB;
Subluxation, STR; Soft Tissue Rheumatism, MH; Marfanoid Habitus, Abnormal skin, ES; Eye signs, VV; Varicose
Veins, HE; Hernia, UP; Uterine Prolapse, RP; Rectal Prolapse, hEDS; hypermobility Ehlers-Danlos type,
FH; Family history

GJH and secondary musculoskeletal manifestations
Table 7 summarises the composition of secondary musculoskeletal manifestations in
individuals diagnosed with GJH (total number and percentage of positive secondary
musculoskeletal manifestation contribution). With regard to the dislocation/subluxation
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subcategory, no participants suffered a subluxation. Dancers had the highest score for all
categories.

Table 7 Composition of GJH and associated secondary musculoskeletal manifestations

Group

FR

MR

NP

FD

MC

FC

Pain up to

Chronic

3m

widespread

≥ 2 JT

pain ≥ 3 m

10

7

1

6

(100%)

(70%)

(10%)

(60%)

2

1

2

1

(100%)

(50%)

(100%)

(50%)

8

7

1

2

(80%)

(87.5%)

(12.5%)

(25%)

19

17

2

9

(100%)

(89.47%)

(10.53%)

(47.37%)

1

1

0

0

(100%)

(100%)

(0%)

(0%)

7

7

0

1

(100%)

(100%)

(0%)

(14.29%)

BS ≥5

D SUB

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female
Dancers, MC; Male Controls, FC; Female Controls, BS; Beighton Score, M; Month, JT; Joint(s), D;
Dislocation, SUB; Subluxation
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Peripheral JH
Table 8 summarises the prevalence of peripheral JH (total number and percentage of group
value in parenthesis. Rugby males had the highest JH prevalence (29.63%) with dancers the
lowest (1.59%).
Table 8 Prevalence of peripheral JH
Group

LF

RF

LT

RT

FR

11

7

4

3

8

8

11

8

17

14

5

5

1

1

1

1

9

6

4

0

6

4

7

5

12 (16%)
MR
16 (29.63%)
NP
19 (26.39%)
FD
1 (1.59%)
MC
9 (15.79%)
FC
7 (11.67%)

Abbreviations: FR; Female Rugby Players, MR; Male Rugby Players, NP; Netball Players, FD; Female
Dancers, MC; Male Controls, FC; Female Controls; LF; Left 5 th metacarpophalangeal joint, RF; Right 5 th
metacarpophalangeal joint, LT; Left thumb, RT; Right thumb

Discussion
With regard to the primary aim of this study localised JH (BS 1-4) ranged from 61.11%
(netballers), 57.33% (female rugby), 48.15% (male controls), 46.30% (male rugby), 38.33%
(female controls) to 28.57% (dancers) (table 3). Male rugby and male controls demonstrated
the highest prevalence of no hypermobile joints (50%) with dance the lowest (1.59%).
Comparison of localised JH with previous literature is difficult as no studies have reported BS
in this manner of 1-4 grading since the introduction of the new hypermobility framework.1
However, it is apparent that there is a greater prevalence of no hypermobile joints in males and
comparison between female rugby and male rugby demonstrated that no JH prevalence was
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doubled in males and also greater in male than female controls suggesting a gender
consideration. Dancers demonstrated the lowest localised JH due to the greater prevalence of
BS≥5.
GJH (BS≥5) prevalence ranged from 69.94% (dancers), 25% (netballers), 21.67% (female
controls), 18.67% (female rugby), 3.70% (male rugby) to 1.85% (male controls) (table 3). In
dancers, GJH values were higher than the 66%8 and 57% in ballet students34 and lower in
netballers than the 66%20 previously reported. Male rugby values were lower than previously
reported 24%15 and 20%35. The values for male controls and female controls were lower than
previous findings in male students of 36.7% but higher than the 13.7% in female students in a
study utilising GJH ≥5.36 Comparison with studies8,15,20,34,35 is limited by their use of the
previously recommended cut off point of BS≥4.

Total BS was significantly greater in dancers in comparison to all other groups and significant
differences existed between female rugby and male controls, netballers and male rugby,
netballers and male controls and female controls and male controls (table 4) and demonstrated
a large effect size. The significant findings within dancers may highlight a potential
performance adaptation and/or selection of individuals with JH. Significant findings between
control groups suggests a potential gender effect which supports previous findings of a higher
prevalence of JH in females.13 Between rugby females, netballers, dancers and male subgroups
a gender difference may also have existed. The finding of no significance between the two male
subgroups may suggest that rugby males do not demonstrate a JH adaptation.
The mean male rugby BS of 1.33 was lower than previous findings of 2.015 and 1.6235 and the
mean netball BS of 2.88 (table 3) was lower than 3.9916 and 3.9620 which may reflect the
different sporting levels and participant ages. The mean BS for female rugby of 2.27 was
similar to the 2.60 previously reported24 and as these values were similar to female controls it
suggests a JH performance adaptation does not occur. Mean dancers BS was 4.89 and was
greater than the mean BS of 4.36 previously reported in dancers.18,26 Determination of the BS
is important within dance as within ballet an increased injury risk comes from the level of
muscular effort required by hypermobile dancers to maintain stability.37 Hypermobile
individuals stand with hyperextended joints making maintenance of a position difficult38 and
fatigue levels are higher in hypermobile dancers8 and neuromuscular control, proprioception
and functional stability are impaired after fatigue.39 Therefore there may be a need for
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appropriate training programmes which consider work:rest ratios and potentially may reduce
injury risk.

With regard to the secondary aim of the study and the prevalence of secondary musculoskeletal
manifestations required for a positive diagnosis of GJH, pain up to 3 months in 2 or more joints
and dislocation/subluxation was most prevalent in dancers (table 7). This could potentially be
attributed to the extreme ranges of motion required in dance which may potentially increase
the risk of dislocation/subluxation. Female rugby had the second highest numbers of
dislocations/subluxations. BS≥5 was the greatest contributor in all groups and chronic
widespread pain for more than 3 months was most prevalent in dancers and male rugby
however the frequency of this factor across all groups ranged from 0 to 2 highlighting that it
was not a dominant factor. Five females met the criteria for clinical diagnosis of hEDS which
included 3 dancers. All five had a BS≥5, secondary musculoskeletal manifestations and a
positive family history. No participants in the cohort met 5 or more criteria for systematic
manifestations of generalised connective tissue disorder. No males met the criteria due to the
lower BS scores, and lack of systematic manifestations of generalised connective tissue
disorder and a positive family history.

The study awarded points for the presence of criteria associated with hEDS utilising an adapted
scoring system which assessed the presence of Brighton criteria signs and symptoms.24 There
was a significant difference between the prevalence of hEDS criteria in dancers and all other
groups and a large effect size was demonstrated. Mean hEDS scores were greatest in dancers
(1.51) with male controls demonstrating the lowest score (0.53). There was a limited range in
total hEDS criteria score with the highest score 5/17 achieved in dancers. With regard to the
number of positive findings for hEDS type (table 6), pain up to 3 months in ≥2 joints was most
prevalent in male rugby (46.30%), netballers (38.88%), female rugby (34.66%) and dancers
(33.33%). This high prevalence in male rugby may reflect the increased risk of injury
associated with contact sports. Dislocation was most prevalent in dancers (19.05%), and female
rugby (17.3%). Previous research has reported that Glenohumeral joint instability was nearly
2.5 times more likely in participants with a BS≥240 and generalised ligamentous laxity was
more common in individuals with a primary traumatic anterior shoulder dislocation.41 Male
controls had the lowest number of dislocations/subluxations. Chronic widespread pain
(19.05%) and abnormal skin (6.35%) was highest in dancers and this may reflect that many
dancers continue to dance while in pain and therefore not providing injuries with an opportunity
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to heal. Varicose veins/hernia/uterine or rectal prolapse were most prevalent in male rugby
(7.41%), female rugby (4%) and dancers (3.17%). The absence of marfanoid habitus in dancers
is unusual but may reflect the amateur level of the dancers and within a professional dance
company this physical presentation may be considered an attribute. The prevalence of
marfanoid habitus in netballers (1.39%) may be considered low as this tall, long limbed
physique may be considered beneficial for shooters and goalkeepers. As the hypermobility
spectrum1 is relatively new direct comparison of the prevalence of certain criteria that compose
secondary musculoskeletal manifestations and hEDS is difficult with most studies utilising the
Brighton criteria. In netballers a prevalence of abnormal skin (19%) and arthralgia > 3 months
(15%) were reported20 and in ballet students, excluding the BS criteria the most prevalent
Brighton criteria was arthralgia (27.3%) and dislocation (22.7%)34 which replicates the order
in dancers within this study.
The prevalence of GJH among dancers is related to age, gender and ethnicity42,43 and there is a
need to consider how these factors may interact and contribute to injury risk and performance
factors. Previous research has demonstrated that hypermobility associated with collagen
structure is related to skin elasticity and hernias, while genetic factors contribute to JH in
individuals with congenital dislocation and spinal scoliosis.44 The GJH assessment outlined in
the methodology could be used as an initial screen before a more detailed medical examination
is performed to clarify the potential relationship all variations of the hypermobility spectrum
and these medical conditions. Previous research highlighted increased injury prevalence with
JHS as defined by the Brighton criteria but not within JH as defined by the BS.45 Although the
Brighton criteria is no longer advocated it is important that clinicians consider the full
hypermobility spectrum to enhance understanding of the individuals they are working with and
not to solely rely on the BS.

Peripheral JH was most prevalent in male rugby (29.63%), netball (26.39%) and least prevalent
in female dancers (1.59%) (table 8). Comparison with previous literature is not possible due to
peripheral JH been part of the new hypermobility spectrum however the high prevalence in
male rugby is likely due to the generally low BS while in contrast the low prevalence in dancers
is due to the higher BS at a greater variety of joint locations. Peripheral JH within netballers
may reflect a performance adaptation as an increased range of motion at the fingers and thumbs
may allow improved performance when reaching for the ball however this requires further
investigation.
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The high prevalence of JH in dancers provides two possibilities, firstly that dance results in
individuals developing JH and secondly that dance favours the selection of JH individuals.
Long term prospective studies throughout a dancers career from childhood are required to
investigate this. JH classification in rugby union, netball and dance suggests that the
consideration of gender, sport and dance participation is important in determining normal vales
and there is a need to consider age, gender and ethnicity.44 The groups in this study have varying
levels of physical demands and injury risk including the contact demands of rugby and noncontact demands of netball and dance. Clinical decisions regarding injury prevention, training
load and sport selection based on JH should consider the gender and predominant activity of
the individual so that the BS can be interpreted and related to expected values within their
domain. This information could be combined with a full musculoskeletal screening to aid
development of training and injury prevention programmes. Within the study some limitations
must be acknowledged namely that he findings are limited to the populations investigated and
the BS does not report specific joint ROM. Further studies should consider male dancers and
report joint ROM to allow for greater investigation of specific ROM values.

Conclusion
This study is the first to examine the prevalence of localised JH, GJH, hEDS and peripheral JH
in rugby, netball and dance in relation to the hypermobility spectrum1 and has highlighted that
the BS is significantly greater in female dancers than in rugby, netball, male and female
controls which may be suggestive of an activity adaptation or a selection of JH individuals.
Gender differences existed for the BS with values significantly greater in female controls than
male controls and between all other female subgroups and male subgroups. GJH and the
criteria associated with hEDS is more prevalent in dancers than rugby, netball and male and
female controls. The higher prevalence of dislocation/subluxation in dancers may represent the
ROM demands of aesthetic performance. Localised JH and peripheral JH is least prevalent in
dancers due to the higher number of hypermobile joints in comparison to other groups. The
prevalence of hEDS was low with only 5 females diagnosed with this condition. The initial
implementation of the BS and hypermobility spectrum was as an epidemiological tool and not
as a sport or dance specific tool and therefore the development of sport or dance specific
grading scales based on normal values for each group seems a logical progression which could
be used to manage performance demands and injury risk.
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