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Abstract Joint proprioceptive deficit is documented in a

variety of musculoskeletal conditions including osteoar-

thritis, ligament and meniscal injuries, and individuals with

increased joint hypermobility, such as those with Ehlers–

Danlos. No systematic reviews have assessed joint pro-

prioception in people with benign joint hypermobility

syndrome (BJHS). This study addresses this to determine

whether people with BJHS exhibit reduced joint proprio-

ception, and, if so, whether this is evident in all age groups.

The search strategy was conducted on 31st January 2013.

The published literature was assessed using the databases:

AMED, CINAHL, MEDLINE, EMBASE, PubMed and the

Cochrane Library. Unpublished literature and trial regis-

tries were assessed including: OpenGrey, the WHO Inter-

national Clinical Trials Registry Platform, Current

Controlled Trials, the UK National Research Register

Archive. All studies comparing the proprioceptive capa-

bility of people with and without BJHS were included.

Study methodological quality was assessed using the CASP

appraisal tool. Meta-analysis techniques were used when

study homogeneity permitted. Five studies including 254

people were identified. People with BJHS demonstrated

statistically significantly poorer lower limb joint position

sense (JPS) (p \ 0.001) and threshold detection to move-

ment (p \ 0.001) than those without BJHS. The evidence

for upper limb proprioceptive difference was less clear,

with no statistically significant difference between the

cohorts for shoulder JPS (p = 0.10), but a statistically

significant difference in finger JPS (p \ 0.001). One study

which assessed childhood BJHS reported reduced knee

proprioceptive capability in those with BJHS (p \ 0.001).

To conclude, lower limb joint proprioception is reduced in

those with BJHS compared to non-BJHS cohorts, whilst

unclear in the upper limb.

Keywords Proprioception � Joint position sense �
Benign joint hypermobility syndrome

Introduction

Benign joint hypermobility syndrome (BJHS) is one of the

most common heritable connective tissue disorders [1]. It is

associated with joint laxity, instability and pain [1]. It has

been associated with abnormalities in genes coding for

elastin, fibrillin, tenascin and collagen (principally type I),

and manifests as decreased stiffness and stability from

tendons, ligaments, joint capsules and skin [2, 3]. BJHS has

also been associated with demineralised bone and nerve

receptors [4, 5]. Its incidence ranges from one [6] to 31 %

[7] of adults and is five times more prevalent in females

[4]. The diagnosis of BJHS is currently based entirely on

clinical grounds, with the Brighton criteria most commonly

accepted for the diagnosis of adults [8]. This system

T. O. Smith � F. Poland � A. J. Macgregor

Faculty of Medicine and Health Sciences, University of East

Anglia, Norwich, UK

T. O. Smith (&)

Queen’s Building, School of Allied Health Professions,

University of East Anglia, Norwich Research Park,

Norwich NR4 7TJ, UK

e-mail: toby.smith@uea.ac.uk

E. Jerman

Therapy Department, Norwich Community Health and Care

NHS Trust, Norwich, UK

V. Easton � H. Bacon � K. Armon

Jenny Lind Hospital, Norfolk and Norwich University Hospitals

NHS Foundation Trust, Norwich, UK

123

Rheumatol Int (2013) 33:2709–2716

DOI 10.1007/s00296-013-2790-4



consists of the Beighton score (a 9-point system, assessing

multi-joint laxity) in addition to questions on symptoms

such as pain and dislocation [8]. The literature about

children and young people with BJHS is scarce. Indeed,

there is significant doubt as to whether the Brighton score

is applicable to children and young people, and no recent

attempt to validate a more appropriate scoring system for

this group [9].

BJHS presents with excessive joint motion, which can

cause pain, reduced joint stability and motion coordination,

and decreased joint position sense (JPS). Consequentially,

these joints may be more vulnerable to damage and

abnormal postures since abnormal weight-bearing on

articular surfaces may lead to chondral damage and

osteoarthritis [2, 10, 11].

Proprioception has been defined as a joint’s ability to

determine its position (JPS), detect movement (kinaesthe-

sia) and sense of resistance to force [12]. It derives from

mechanoreceptors in the muscle, joint capsule, tendon,

ligaments and cutaneous tactile receptors [12, 13]. Motion

stimulates mechanoreceptors to provide proprioceptive

sensation. Proprioception encompasses several different

components including JPS, velocity, movement detection

and force [14]. It is an essential sense to assist in the

coordination of movement during normal activities of daily

living as well as physically demanding tasks [15]. How-

ever, trauma and pathological processes can damage this

feedback system, which may make the limb more suscep-

tible to injury [16–18].

Proprioceptive deficit has been reported as evident in

other cohorts with increased joint hypermobility, most

notably those people diagnosed with Ehlers–Danlos [12,

19]. However, no systematic reviews have been undertaken

to assess proprioception (JPS and kinaesthesia) in people

diagnosed with BJHS. This systematic review aims to

answer the following questions: Do people with BJHS have

reduced joint proprioception? If so, is this evident in all age

groups?

Materials and methods

The study methodology was conducted in accordance with

the PRISMA guidelines [20].

Search strategy

Primary search strategy

The electronic databases: MEDLINE, EMBASE, CI-

NAHL, AMED (via Ovid), Cochrane Library, PubMed and

the PEDro databases were reviewed from their inceptions

to January 2013. The MEDLINE MeSH, keyword search

terms and Boolean operators adopted are presented in

Table 1. These were modified to accommodate each search

database.

Secondary search

Unpublished and trial registry databases including Open-

Grey, the WHO International Clinical Trials Registry

Platform, Current Controlled Trials and the UK National

Research Register Archive were reviewed from inception

to January 2013. Reference lists of all potentially eligible

study were searched. Corresponding authors for each

included study were contacted and asked to review the

search results and to identify any omitted studies.

Eligibility criteria

Inclusion criteria

In order to answer the research question full publications of

comparative observational studies assessing proprioception

through any means between people with BJHS to an

asymptomatic non-joint hypermobile cohort. Based on

current convention within the literature, joint hypermobil-

ity was regarded as a score of C4 using the Beighton

scoring system [6]. Symptomatic was regarded as the

current report of pain, instability or any symptoms limiting

the functional or perceived capabilities of an individual

Table 1 This table presenting the search strategy for the MEDLINE

database search

Joint/

Limb.tw.

Hypermobility, Joints/

Benign hypermobility syndrome/

Laxity.tw.

Flexibility.tw.

Instability.tw.

Joint laxity, familial/

Marfanoid habitus.tw.

Marfanoid hypermobility syndrome/

Ehlers–Danlos type 3/

Proprioception/

Position sense

Kinesthesis/

Kinaesthesia.tw.

Postural Balance/

OR/1,2

OR/3–11

OR/12–16

AND/17–19
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necessitating a healthcare consultation. There was no

restriction of the age, gender, ethnicity, co-morbidities,

previous injury rate or severity of joint hypermobility

syndrome. No restrict was placed on the age, publication

source or language of the included studies to ensure that all

potentially eligible studies were included. Therefore, we

included studies published in all languages including

English, French, Spanish, German and Chinese, seeking

translation services when required.

Exclusion criteria

Individuals with other genetic/hypermobility connective

tissue disorders such as Marfans and Ehlers–Danlos were

excluded (except type III as these participants were inclu-

ded). Single case studies were also excluded.

The results of the search strategy were screened inde-

pendently by two reviewers (TS, EJ) by assessing each title

and abstract. Full texts were obtained for potentially eli-

gible papers. These were read to determine final eligibility.

Disagreements were resolved by consensus through dis-

cussion between the two reviewers.

Outcome measures

To determine whether proprioception is affected, joint

proprioceptive-based measurements were assessed in

individuals with and without BJHS. No restriction was

placed on the outcome measures used to assess this

domain; however, expected measurements used within the

literature included: JPS, postural sway, stabilometry and

threshold detection methods. The upper or lower limbs

could be used for this assessment. This was considered

appropriate since there remains no ’gold standard’ method

of assessing proprioception [21].

Data extraction and critical appraisal

For each eligible paper, data were independently extracted

by one reviewer (EJ) and verified by a second (VE). Data

extracted included: characteristics of participants (both

symptomatic and asymptomatic controls) including age,

gender, duration of symptoms, method of diagnosis, degree

of joint hypermobility (frequently assessed using the

Beighton scoring system), co-morbidities, method of

assessing proprioception, findings. Data were tabulated on

a standard data extraction form.

The methods used in each study were appraised. This

critical appraisal was based on the CASP ‘case control’

tool. This tool was considered appropriate since it has been

widely utilised in the review of previous musculoskeletal

studies [22–24].

Each paper was reviewed by one reviewer (EJ) and then

independently verified by a second (VE). Any difference in

appraisal score was discussed and agreed by consensus.

Data analysis

Data homogeneity was assessed by visually examining the

data extraction findings and forest-plot trends. When

methodological heterogeneity was evident, a qualitative

narrative review of results was made. When methodolog-

ical homogeneity was evident, pooling results as part of a

meta-analysis were deemed appropriate, when participant

characteristics, intervention, follow-up period and out-

comes measurement assessed were similar.

Statistical heterogeneity was assessed using the chi-squared

and I-squared statistical tests. When p B 0.10 and I-squared

C20 %, a random effects model was performed. When

p [ 0.10 and I-squared\20 %, a fixed effects model was used.

Continuous outcomes such as actual angle error in JPS results,

mean difference (MD) or standardised mean difference (SMD)

was calculated. Standardised mean difference was used when

there was variability in the method used to assess a specific

type of proprioceptive domain. For each calculation, the mean

effect estimate, 95 % confidence interval and p value were

presented. Analyses were made to assess upper and lower limb

proprioceptive capabilities separately.

All statistical analyses were conducted on RevMan

version 5.0 (Review Manager (RevMan) [Computer pro-

gram]. Version 5.1. Copenhagen: The Nordic Cochrane

Centre, The Cochrane Collaboration, 2011.)

Results

Search strategy

The search results are summarised in Fig. 1. A total of 116

citations were identified from the search strategy. Of these,

18 were thought potentially eligible. Of these, five were

eligible after reviewing the full text. Two studies [25, 26]

were excluded since it was not possible to confirm whether

their hypermobile cohort could be termed as having BJHS

and were symptomatic. Additional reasons for excluding

studies included: not presenting results of JPS data (n = 4),

editorials, commentary or review papers (n = 7), duplicate

citations on the search strategy (n = 32) or irrelevant to the

research questions (n = 66).

Methodological assessment

A summary of the CASP methodological appraisal results

are presented in Table 2. This indicates that the methodo-

logical quality of the current evidence base was moderate.
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The strengths to the literature include the provision of a

clearly focused research question (100 % studies), appro-

priate use of a case–control study design (100 %) and

clearly defining the recruitment processes adopted

(100 %). All studies also appropriately recruited non-

symptomatic control cohorts without hypermobility

(100 %), matched their cases and controls to important

characteristics such as age and gender (100 %), employed

valid and reliable outcome measurements to assess pro-

prioception and clinical outcomes (100 %), and correctly

used inferential and descriptive statistical tests to analyse

their data (100 %). However, only one study [27] based

their sample on a power calculation, and only Mallik et al.

[28] presented their results with 95 % CIs to provide an

indication on the precision of their findings, and no studies

blinded their assessors to whether participants were from

BJHS or non-BJHS groups (100 %). All studies were

recruited from hospital settings, suggesting clinically

generalisablity.

Characteristics of included studies

A summary of the included study characteristics is pre-

sented in Table 3. All five studies were case–control

designs. These studies consisted of 254 participants, 123

with JHS, 131 non-joint hypermobility controls. The JHS

cohort consisted of 14 males and 109 females with a mean

age of 19.7 years (SD = 10.0) ranging from 11.9 years

[27] to 39.6 years [12]. The control cohort consisted of 34

males and 97 females, with a mean age of 19.6

(SD = 10.3) ranging from 11.5 years [27] to 40.2 years

[12]. Only Fatoye et al. [27] exclusively assessed propri-

oception in a childhood population. Rombaut et al.’s [12]

study recruited participants diagnosed with Ehlers–Danlos

syndrome type III.

Joint hypermobility was classified as a Beighton score of

equal or greater than 4 points, as recommended by Grah-

ame and Hakim [8]. Mean Beighton score was presented in

three studies [11, 12, 27]. This ranged from 5.9 [11] to 6.9

points [12] in the JHS group.

As Table 3 demonstrates, proprioception was assessed

through a number of different measurements. Two studies

assessed upper limb JPS, one study assessed shoulder JPS

[12], whilst Mallik et al. [28] assessed finger JPS. Joint

position sense in these studies was assessed using isoki-

netic dynamometry in Rombaut et al.’s [12] study, and

passive-angle reproduction with a finger silhouette model

[28].

Lower limb, specifically knee joint, proprioception was

assessed in four studies [4, 11, 12, 27]. Lower limb JPS was

assessed in three studies, all using an angle reproduction

method on an isokinetic dynamometer [4, 12, 27]. Knee

threshold detection of motion was assessed in Fatayo et al.

[27] and Hall et al.’s [4] studies.

Fig. 1 PRISMA Flow chart

summarising the results of the

search
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Table 2 Summary of the CASP methodological appraisal results

Criterion Fatoye et al.

[27]

Hall et al.

[11]

Mallik et al.

[28]

Rombaut et al.

[12]

Sahin et al.

[4]

Was a clear research question posed? 4 4 4 4 4

Was the design (case–control) appropriate for the question? 4 4 4 4

Was recruitment clearly defined and consecutive or base bias

permitted?

4 4 4 4 4

Was sample size based on a power calculation? 4 x x x x

Were cases clinically representative? 4 x 4 4 4

Were controls representative of non-pathological group? 4 4 4 4 4

Were cases and controls matched for important

characteristics?

4 4 4 4 4

Were outcome measurements valid and reliable? 4 4 4 4 4

Were assessors blinded to cases and controls? x x x x x

Were between-group differences assessed with descriptive

statistics?

4 4 4 4 4

Were between-group differences assessed with inferential

statistics?

4 4 4 4 4

Was confidence interval data presented? x x 4 x x

Were all interpretations of the data considered? 4 4 4 4 x

Were the results generalisable to the clinical population? 4 x 4 4 4

Were the results related to the previous evidence base? 4 4 4 4 4

4—Satisfied; x—not satisfied

Table 3 Summary of the characteristics of included studies in this review

Study Sample

size

Gender

(m/f)

Mean age (SD-

range) in years

Beighton

score (Mean;

SD)

Assessment methods

Fatoye

et al.

[27]

BJHS:29

C:37

BJHS:

8/21

C:20/17

BJHS:11.9

(1.8)

C:11.5 (2.6)

BJHS:(7.0) Knee threshold detection of passive motion at 60� knee flexion;

JPS: passive-angle joint reposition at 10�, 25� and 90� knee flexion in

seated isokinetic dynamometer

Hall et al.

[11]

BJHS:10

C:20

BJHS:

0/10

C:10/10

BJHS:30.3

(6.1:21–29)

C:29.8

(6.3:21–40)

BJHS:C4

(5.9; SD 1.5)

Knee threshold detection of passive motion at 5� and 30� knee flexion

Mallik

et al.

[28]

BJHS:12

C:12

BJHS:

0/12

C:0/12

BJHS:29

(9:19–51)

C:29 (9: 17–50)

BJHS:C4

(5.8; SD 1.6)

JPS: Proximal phalanx of right hand of index finger passive-angle

repositioning aligning a finger silhouette, with target angles 120�, 140�
and 160�

Rombaut

et al.

[12]

ED3:32

C:32

ED3 :

0/32

C:0/32

ED3:39.6

(11.2)

C:40.2 (13.0)

ED3:C5

(6.9; SD 1.6)

C:\5

(0.9; SD 0.9)

JPS: shoulder and knee passive-angle joint repositioning at 30� and 60�
knee flexion and 45� and 75�shoulder external rotation

Sahin

et al. [4]

BJHS:40

C:30

BJHS:

6/34

C:4/26

BJHS:26.9

(7.2)

C:26.4 (6.1)

BJHS:C4 JPS: active-angle joint reposition at 5�, 15�, 30�, 45�, 60� and 75� knee

flexion in seated isokinetic dynamometer

BJHS benign joint hypermobility syndrome, c control, ED3 Ehlers–Danlos syndrome type 3, f female, JPS joint position sense, m male, SD

standard deviation
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Outcomes: lower limb (knee)

Threshold detection

Two studies compared motion threshold detection mea-

surement in the knee of people with BJHS compared to

non-hypermobile control samples [4, 27]. As Fig. 2 dem-

onstrates, there was a statistically significantly poorer

threshold detection to movement in those with BJHS

compared to the non-hypermobile cohort (MD:0.43; 95 %

CI 0.29, 0.57; p \ 0.001). Fatoye et al. [27] solely

assessing children reported a similar trend with a signifi-

cant difference in threshold detection measurement

between their BJHS and control cohorts (p \ 0.001).

Joint position sense

In those studies that compared JPS [4, 12, 27], those with

BJHS were significantly poorer at detecting joint position

than non-hypermobile controls (SMD = 0.90; 95 % CI

0.49, 1.31; p \ 0.001; Fig. 3). This finding was reflected

when Fatoye et al.’s [27] paediatric cohort were assessed

individually (p \ 0.001).

Outcomes: upper limb (shoulder)

One study assessed JPS in the shoulder [12]. On meta-

analysis of their various measurements, there was no

statistically significant difference between the two groups

(MD = 0.96; 95 % CI -0.19, 2.10; p = 0.10; Fig. 4).

Upper limb (finger)

The assessment of right index finger proximal interpha-

langeal joint in Mallik et al.’s [28] active joint reproduction

test reported statistically significantly greater angle error in

the BJHS compared to the control tests (p \ 0.0001). Mean

actual errors in the BJHS group were 5.8� (SD = 1.3�)

compared to 3.9� (SD = 1.2�) in the non-hypermobile

control group.

Discussion

The results of this study indicate that people with BJHS

demonstrate poorer lower limb JPS and threshold detection

to movement with statistically different results from those

without joint hypermobility. Few studies have assessed the

upper limb. There was no statistically significant difference

between the cohorts for shoulder JPS (p [ 0.10). Only one

study looked at finger JPS and found those with BJHS were

less able to detect finger position [28].

The findings from this systematic review should be

interpreted with some caution. A number of key method-

ological limitations were highlighted by the CASP

appraisal process (Table 2). Most notably, this identified

Study or Subgroup

Fatoye 2008
Hall 1995 (30degree flex)
Hall 1995 (5degree flex)

Total (95% CI)

Heterogeneity: Tau² = 0. 00; Chi² = 2.92, df = 2 (P = 0.23); I² = 32%
Test for overall effec t: Z = 6.04 (P < 0.00001)

Mean

2
1.5

1.46

SD

1.5
0.22
0.21

Total

29
10
10

49

Mean

2
1.12
0.95

SD

1.5
0.17
0.12

Total

37
20
20

77

Weight

3.6%
45.6%
50.8%

100.0%

IV, Random, 95% CI

0.00 [-0.73, 0.73]
0.38 [0.22, 0.54]
0.51 [0.37, 0.65]

0.43 [0.29, 0.57]

JHS None-JHS Mean Difference Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favours experimental Favours control

Fig. 2 Forest plot presenting the difference in knee threshold detection test results between people with BJHS compared to non-joint

hypermobility syndrome controls

Study or Subgroup

Fatoye 2008 -JPS 25degree
Fatoye 2008 -JPS10degree
Rombaut 2010 -AJPS30knee
Rombaut 2010 -AJPS60knee
Rombaut 2010-PJPS30Knee
Rombaut 2010-PJPS60knee
Sahin 2008 -Left Knee
Sahin 2008 -Right Knee

Total (95% CI)

Heterogeneity: Tau² = 0.28; Chi² = 35 .06, df = 7 (P < 0.0001); I² = 80%
Test for overall effect: Z = 4.31 (P < 0.0001)

Mean

7.4
6

6.7
5.4
6.9
7.4

2.36
2.4

SD

6.5
5

5.47
4.53
5.53

5.7
0.76

0.8

Total

29
29
32
32
32
32
40
40

266

Mean

3
1
4

4.3
4.6
5.8

1.23
1.25

SD

3
3

2.67
3.54
4.48
4.12
0.38
0.41

Total

37
37
32
32
32
32
30
30

262

Weight

12.6%
12.4%
12.7%
12.8%
12.7%
12.7%
12.1%
12.1%

100.0%

IV, Random, 95% CI

0.90 [0.39, 1.41]
1.24 [0.70, 1.77]
0.62 [0.12, 1.12]

0.27 [-0.23, 0.76]
0.45 [-0.05, 0.95]
0.32 [-0.18, 0.81]
1.78 [1.22, 2.35]
1.72 [1.16, 2.27]

0.90 [0.49, 1.31]

JHS None-JHS Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours experimental Favours control

Fig. 3 Forest plot presenting the difference in knee JPS test results between people with BJHS compared to non-joint hypermobility syndrome

controls
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that only one study reviewed based their sample size on a

power calculation. Thus, a type II statistical error may have

occurred [29]. Further analysis of larger BJHS cohorts may

provide differing results which should be investigated.

Furthermore, none of the studies blinded their assessors as

to whether participants were from non-BJHS control

cohorts or from the BJHS cohort. This therefore permits the

potential for assessor bias from impacting from the results.

Both of these limitations should be considered when

designing future research in this area.

A number of hypotheses have been developed to

account for this reduced proprioception in those with

BJHS. These have included reduced capability due to joint

reception damage from excessive joint mobility [12, 27,

28]. This may also imply deterioration of proprioception

with age. Secondly, general enhancement of number of

activated mechanoreceptions in the joint may occur from

excessive motion [12, 28]. Therefore, when smaller motion

is provided, reduced capsular and ligament stretching occur

resulting in reduced perception and detection of knee joint

receptions [12, 28]. Finally, in those cohorts who presented

with pain, this symptom is documented to reduce propri-

oceptive acuity [30, 31]. Jeremiah and Alexander [26]

commented that the increased laxity associated with BJHS

may affect the feedback mechanisms with alterations in

sensitivity of reception organs, altering afferent input [11,

26, 28]. Reduction in proprioception may therefore be

attributed to impaired feedback mechanisms, pain or a

combination of both.

The results indicated no statistically significant differ-

ence between those with BJHS and non-hypermobile

cohorts for JPS testing of the upper limb, This is contrary to

previous authors who suggested that JPS is reduced glob-

ally in BJHS [4, 11, 28]. No explanation can be made for

this, although, with a small and under-powered cohort,

Mallik et al. [28] reported non-significant findings which

could be attributed to type II statistical error [30]. Whether

there is a difference in the risk of injury and therefore

damage to the joint capsule and subsequently mechanore-

ceptors in shoulder pathologies, or a difference in ana-

tomical function and stability to account for this remains

unclear. Further study, using sufficiently powered cohorts,

would be required to explore whether this finding is sup-

ported by more rigorous testing.

Whilst this study has demonstrated that joint proprio-

ception is reduced in those with BJHS, only one study has

begun to assess the role of proprioceptive-based exercises in

the management of this deficit. Sahin et al. [4] reported that

an eight-week exercise programme significantly improved

pain and function in those with BJHS (p \ 0.03). However,

it remains unclear what the optimal type of exercises is, the

dosage of such exercise and whether there is a difference in

outcome between the prescription of specific-propriocep-

tive exercises compared to more global strengthening/aer-

obic exercise programmes. Further study is therefore

warranted on this population, particularly given the lower

limb deficits in proprioception described in this study.

Only one study specifically assessed proprioceptive

capability in children [27]. It was impossible to say whe-

ther under 16 year olds were included in all but two of the

other study cohorts [11, 28] since only these studies pre-

sented the age range values for their cohorts (Table 3).

Consistent with the adult evidence base, the authors con-

cluded that there was a statistically significant difference in

knee proprioceptive acuity [27]. The results of this study

support previous reports of children with BJHS being

‘clumsy’ and presenting with coordination difficulties

during functional tasks [32, 33]. This has been attributed to

poor motor development as well as impaired propriocep-

tion in childhood populations [32]. No studies have com-

pared motor development to proprioceptive capability

longitudinally in cohorts with BJHS. Finally, whilst the

tests involved assessed laboratory-based proprioception,

further assessment would be needed to explore how this

physiological deficit manifests in functional and everyday

tasks. These areas would provide further insight into the

relationship between motor development and propriocep-

tion between children and adults, and would have value for

assessing their importance in this population’s activities of

daily living.

To conclude, the results of this study indicate that joint

proprioception is reduced in those with BJHS compared to

Fig. 4 Forest plot presenting the difference in shoulder joint position sense test results between people with BJHS compared to non-joint

hypermobility syndrome controls
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non-hypermobile cohorts, with possible implications for

coordination during functional tasks. Further study is now

required to investigate to what degree this is specifically

the case in children and young people with BJHS. Study on

interventions to address this deficit will then be required.
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