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Abstract
Background: Joint hypermobility in athletes is associated with increased risk of knee injuries, but its role in relation
to shoulder injuries has not been scrutinized. Therefore, our aim was to synthesize the evidence on the association
between joint hypermobility and shoulder injuries in athletes.
Methods: Data sources were MEDLINE, CINAHL, EMBASE, and SPORTDiscus from inception to 27th February 2021.
Eligibility criteria were observational studies of athletes (including military personnel), mean age ≥ 16 years, and with
a transparent grouping of those with and without joint hypermobility. A broad definition of joint hypermobility as
the exposure was accepted (i.e., generalised joint hypermobility (GJH), shoulder joint hypermobility including joint
instability). Shoulder injuries included acute and overuse injuries, and self-reported pain was accepted as a proxy for
shoulder injuries. The Odds Ratios (OR) for having shoulder injuries in exposed compared with non-exposed
athletes were estimated using a random effects meta-analysis. Subgroup analyses were performed to explore the
effect of sex, activity type, sports level, study type, risk of bias, and exposure definition. Risk of bias and the overall
quality of evidence were assessed using, respectively, the Newcastle–Ottawa Scale and the Grading of
Recommendations Assessment, Development and Evaluation (GRADE).
Results: Among 6207 records, six studies were included with 2335 (range 118–718) participants (34.1% females;
athlete mean age 19.9 years). Athletes with joint hypermobility were more likely to have shoulder injuries compared
with athletes without joint hypermobility (OR = 3.25, 95% CI 1.64, 6.43, I2 = 75.3%; p = 0.001). Exposure definition
(GJH, OR = 1.97, 95% CI 1.32, 2.94; shoulder joint hypermobility, OR = 8.23, 95% CI 3.63, 18.66; p = 0.002) and risk of
bias (low, OR = 5.25, 95% CI 2.56, 10.8; high, OR = 1.6, 95% CI 0.78, 3.29; p = 0.024) had large impacts on estimates,
while the remaining subgroup analyses showed no differences. The overall quality of evidence was low.
Conclusion: Joint hypermobility in athletes is associated with a threefold higher odds of having shoulder injuries,
highlighting the need for prevention strategies in this population. However, due to low quality of evidence, future
research will likely change the estimated strength of the association.
Protocol registration: Open Science Framework registration osf.io/3wrn9.
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Introduction
Sports-related traumatic shoulder injury and shoulder
pain are frequently reported in athletes [1–3]. Besides
pain, emotional distress, and interrupted sports participation, athletes can experience reduced work capacity, in
addition to impaired shoulder-related quality of life [4, 5].
The incidence of shoulder injuries in overhead sports
reaches up to 3.3 per 1000 athlete exposure hours, [6–8]
and incidence of shoulder dislocations have been reported
to range between 0.12 (practice injuries) and 0.31 (game
injuries) per 1000 athlete exposure hours [9], with a higher
incidence rate in young males compared with older males
and females in general [10, 11]. There is an increased risk
of recurrent and subsequently chronic instability following
a primary shoulder dislocation [12–14]. Therefore, identifying risk factors and developing strategies to prevent
shoulder dislocation and subsequent instability are key
components of shoulder injury prevention [15].
Joint hypermobility, characterised by an ability to
move the joints beyond the normal range of motion,
considering the age, sex, and ethnic background of the
individual, [16–18] can potentially be a risk factor of
shoulder injuries. Various case definitions have been described, including inherent joint hypermobility, acquired
laxity following a traumatic injury, and hypermobility
due to an adaptation to a specific sport and/or physical
activity. Further, joint hypermobility can be seen in relation to a single joint or as generalised joint hypermobility (GJH) affecting several joints. A common feature of
GJH is the presence of pain, dislocations, subluxations,
and joint sprains [19–21]. During sports activities, localised joint hypermobility and GJH have been reported to
increase the risk of sustaining an injury [22–24]. While
previous reviews have found an association between
joint hypermobility and an increased risk of knee injuries, including anterior cruciate ligament injuries, [25–27]
the role of joint hypermobility in relation to shoulder injuries has not been scrutinized. Therefore, our aim was
to synthesize the evidence on the association between
joint hypermobility and shoulder injuries in athletes.
Our main hypothesis was that joint hypermobility increases the risk of sustaining a shoulder injury.
Methods
This systematic review was performed in accordance with
the guidelines from Cochrane [28] and reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines [29]. The study
protocol was pre-registered and made publicly available at
Open Science Framework registration osf.io/3wrn9.
Eligibility criteria

This paper included cohort studies, cross-sectional studies, and case-control studies, published in full-text in
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English, assessing the association between joint hypermobility and shoulder injuries. Conference abstracts
were excluded.
The population of interest was athletes (including military personnel) with a mean age ≥ 16 years participating
in any type and level of sport or military activities. Studies were excluded if their participants had systemic inflammatory rheumatic diseases, connective tissue
diseases (Marfan syndrome, Stickler syndrome, LoeysDietz syndrome, Ehlers-Danlos Syndrome), or neurological diseases.
For exposure, a broad definition of joint hypermobility
was accepted (i.e., generalised joint hypermobility (GJH)
and shoulder joint hypermobility). Since there is no consensus about the exact definition of shoulder joint hypermobility, shoulder instability and laxity were accepted
as relevant definitions, without excluding studies based
on their measurement tool or threshold, nor differentiating between inherent or acquired joint hypermobility.
Studies were excluded if they did not use a threshold to
distinguish between participants with or without joint
hypermobility.
Studies had to present data about shoulder injuries
with sudden or gradual onset. Accepted injury definitions were traumatic dislocation, instability, and subluxation, either self-reported or objectively measured (e.g.,
medical record or verified diagnosis by a health care professional). Shoulder complaint (e.g., pain) was accepted
as a proxy for shoulder injuries.
Literature search

Systematic literature searches were performed in
MEDLINE, CINAHL, EMBASE, and SPORTDiscus from
inception to 12th May 2020 and updated 27 February
2021, with no language restrictions. The search strategies
were adjusted according to the specifications of the individual database with following key search terms: shoulder
joint, hypermobility, and injury. The full search strategy is
presented in Additional file 1. Hand-search was performed
by screening the references cited in systematic reviews investigating the risk of any sports injury among participants
with GJH and shoulder joint hypermobility published
within the past 5 years. Lastly, reference lists of the included studies were screened to identify additional studies
and forward citation tracking of included studies was
performed in Web of Science. All studies identified by the
search strategy were imported to EndNote X9 (Clarivate
Analytics, Philadelphia, USA).
Selection of studies

Following the removal of duplicates in EndNote X9, two
authors (JRP and JY) independently screened the articles
by titles and abstracts in Covidence systematic review
software (Veritas Health Innovation, Melbourne,
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Australia) to identify relevant articles. Full-text articles
were then independently screened by two authors (BL
and JRP) for inclusion. Disagreements in both title/abstract and full-text screening were resolved by consensus. If unable to reach consensus, a third independent
reviewer (JBT) was consulted.
Data extraction

Data were extracted independently by two authors (BL
and JRP) using a standardized data-extraction form including first author, publication year, country, study design, number of participants with and without joint
hypermobility, number of participants with and without
injury or pain, follow-up time, measure and definition of
joint hypermobility, definition of injury, age, sex, % female, BMI, type of activity, weekly sports participation
time, sports participation level, and injury outcome
measure. Disagreements in data extraction were resolved
by consensus. If unable to reach consensus, a third independent reviewer (CBJ) was consulted.
If a study reported more than one injury outcome
measure, data was extracted for having shoulder injuries
and joint hypermobility compared to those without for
the outcome most suitable for this review (i.e., acute
shoulder injuries). When studies reported data on both
GJH and shoulder joint hypermobility as exposures, data
on GJH was extracted. The cut-off points defined by the
individual studies to represent athletes with joint hypermobility were extracted. Where studies reported insufficient data to be included in this review, an attempt was
made to contact the corresponding author by e-mail.
Risk of bias assessment of the included studies

Risk of bias was assessed using the Newcastle–Ottawa
Scale (NOS) for cohort studies and case-control studies
and the modified Newcastle–Ottawa Scale for crosssectional studies [30], as described in the Cochrane
Handbook for Systematic Reviews of Interventions [28].
Two authors (BL and JRP) independently assessed risk
of bias of the included studies. Disagreements were resolved by consensus. If unable to reach consensus, a
third independent reviewer (CBJ) was consulted. Risk of
bias was assessed for three domains: selection of study
groups, comparability of the groups, and ascertainment
of the exposure and outcome of interest. For cohort
studies and case-control studies, eight items were scored
with one or two stars, for a maximum total of nine stars
representing the lowest risk of bias. For cross-sectional
studies, seven items were scored with one or two stars,
for a maximum total of 10 stars representing the lowest
risk of bias. Thresholds for risk of bias were the following: low, 3 or 4 stars in selection domain and 1 or 2 stars
in comparability domain and 2 or 3 stars in outcome/exposure domain; moderate, 2 stars in selection domain
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and 1 or 2 stars in comparability domain and 2 or 3 stars
in outcome/exposure domain; high, 0 or 1 star in selection domain or 0 stars in comparability domain or 0 or
1 star in outcome/exposure domain.
Overall quality of evidence

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach [31] was
used to evaluate the overall quality of evidence for the
association between joint hypermobility and shoulder injuries, using the GRADEpro Guideline Development
Tool (https://gradepro.org/). According to GRADE, observational studies begin as low-quality evidence and can
be downgraded to very low based on grading of risk of
bias, indirectness, imprecision, inconsistency, and publication bias. Evidence based on observational studies can
be upgraded due to dose-response relationship or large
effect.
Strategy for data synthesis

The Odds Ratio (OR) and the corresponding 95% confidence interval (CI) were estimated for each of the included studies. Due to differences among the included
studies in participants, sports, and measures used, and
therefore an expected heterogeneity, a random-effects
meta-analysis was performed to combine the individual
study results in Stata IC 16.0 (StataCorp, College Station,
Texas, USA). I2 statistics were calculated to determine
the proportion of variation in the combined estimates
due to between-study heterogeneity. Potential publication bias was examined by inspection of forest plots.
Subgroup analyses were performed to explore the effect
of exposure definition (GJH/shoulder joint hypermobility), level of sport (elite/non-elite), type of activity
(sports/military), study type (cohort/cross-sectional and
case-control), risk of bias (high/moderate/low), and sex
(male, female, mixed-sex). Subgroup analysis on risk of
bias was not in the pre-registration. The percentage heterogeneity explained was estimated for each of the above
subgroup analyses. Sensitivity analyses were performed
using alternative outcomes in studies reporting more
than one injury outcome and explored the impact of
changing hypermobility measurement tool, where applicable [28]. Further, analyses with and without studies
with extreme estimates that conflicted with the rest of
the studies were performed as part of the sensitivity
analyses.

Results
Study selection

Following the initial literature search and after duplicate
removal, 6207 records were screened by title and abstract, and 48 full-text articles were considered for inclusion. After review, 42 studies were excluded

Liaghat et al. BMC Musculoskeletal Disorders

(2021) 22:389

Page 4 of 9

(Additional file 2) and six studies [4, 22, 32–35] were included in the meta-analysis (study selection process,
Additional file 3).
Study characteristics

The six studies included 2335 (range 118–718) participants (34.1% females) (Table 1). The mean age in four of
the individual studies ranged from 18.8 to 23.9 years [4,
22, 32, 35], while one study included athletes between 17
and 37 years [34] and another included collegiate athletes
with no age specified [33]. Of the included studies, two
were prospective cohort studies [32, 35] with durations of
three months [32] and four years [35], one a case-control
study [22], and three cross-sectional studies [4, 33, 34].
One study included handball players [4], one gymnasts
[33], two athletes from multiple sports [22, 34], and two
military personnel [32, 35]. Four studies [22, 32–34] used
GJH as exposure (Beighton score, the Hospital Del Mar
criteria, or self-reported study-specific questions), and two
studies [4, 35] used shoulder joint hypermobility as exposure (clinically verified or self-reported). Shoulder injuries
were defined using a variety of outcomes including shoulder injury (acute [34] or traumatic [33]), acute instability,
[35] dislocation [22, 32], and pain [4].

Association between joint hypermobility and shoulder
injuries

Athletes with joint hypermobility were more likely to
have shoulder injuries compared with athletes without
joint hypermobility (OR = 3.25, 95% CI 1.64, 6.43, I2 =
75.3%; p = 0.001) (Fig. 1). In the subgroup analyses, there
was a significant difference between exposure definitions
(GJH, OR = 1.97, 95% CI 1.32, 2.94; shoulder joint hypermobility, OR = 8.23, 95% CI 3.63, 18.66; p = 0.002) and
risk of bias (low, OR = 5.25, 95% CI 2.56, 10.8; high,
OR = 1.6, 95% CI 0.78 to 3.29; p = 0.024) (Fig. 2). No significant differences were found in the other subgroup
analyses. The exposure definition was the main cause of
the substantial heterogeneity observed (90.6% explained).
Furthermore, sensitivity analysis excluding two studies
with extreme associations [4, 34] resulted in lower heterogeneity without substantially altering the association
(OR = 3.17, 95% CI 1.82, 5.53, I2 = 50.6%, p < 0.001)
(Additional File 4). One study [22] used more than one
definition of joint hypermobility as exposure, and a sensitivity analysis using the alternative exposure definition
(shoulder external rotation instead of the Hospital Del
Mar criteria) resulted in a lower association (OR = 3.08,
95% CI 1.55, 6.11, I2 = 76.1%, p = 0.001) (Additional file

Table 1 Characteristics of Study Participants, Study Characteristics, and Risk of Bias Assessment of Included Studies
Author,
year
Country

Study
design

Participants, n,
age, (female, %)a

Sport

Exposure (tool)

Outcome

Azma,
2014
Iran [32]

Prospective
cohort
(duration 3
months)

Iranian army soldiers,
n = 718,
19.6 years, (0)

Military

GJH (Beighton score ≥ 4/9)

Shoulder dislocation verified 9/9,
by orthopaedist
Low

Cameron,
2013
USA [35]

Prospective
cohort
(duration 4
years)

Freshmen entering the U.S.
Military Academy, n = 714
(1420 shoulders), 18.8 years,
(11.8)

Military

Self-reported history of shoulder Acute shoulder instability
instability (previous shoulder
verified by orthopaedic
dislocation or subluxation) using surgeons
study-specific questions.

8/9,
Low

Caplan,
2007
USA [33]

Crosssectional

Female collegiate gymnasts, Elite
n = 457,
gymnastics
N/A, (100)

GJH (Hyperlaxity signs using a
Traumatic shoulder injury,
study-specific unvalidated ques- self-reported using a studytionnaire, ≥ 2/4)
specific questionnaire.

5/10,
High

Chahal,
2010
Canada
[22]

Casecontrol

Skeletally mature individuals
< 30 years performing
recreational or competitive
sporting activities, n = 149,
23.9 years, (26.2)

Recreational
or
competitive
sports
activities

GJH (The Hospital Del Mar, ≥ 4/
10 males, ≥ 5/10 females) or
Shoulder external rotation
exceeding 85°.

Acute, first-time, traumatic
8/9,
anterior shoulder dislocation Low
verified by orthopaedic
surgeons

Myklebust, Cross2013
sectional
Norway [4]

Female handball players of
the Norwegian elite league,
n = 179,
22 years, (100)

Elite
handball

Anterior shoulder instability
(apprehension and relocation
tests)

Shoulder pain using a
modified Fahlström
questionnaire.

6/10,
Low

Saremi,
2016
Iran [34]

Athletes having a history of
sports activity for at least six
months,
n = 118,
Range 17–37 years, (32.2)

Professional
athletes
from
multiple
sports

GJH (Beighton score ≥ 4/9)

Acute shoulder injury
according to documents of
local branch of national
federation of sports
medicine.

6/10,
High

Crosssectional

Risk of bias
assessment
(NOS)b

GJH Generalised Joint Hypermobility, NOS Newcastle - Ottawa Quality Assessment Scale with high scores representing low risk of bias. an = number of participants
included in analysis, age reported as mean years unless indicated otherwise
b
The risk of bias assessment is presented in Additional file 5. Thresholds for risk of bias were the following: low, 3 or 4 stars in selection domain AND 1 or 2 stars
in comparability domain AND 2 or 3 stars in outcome/exposure domain; moderate, 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or
3 stars in outcome/exposure domain; high, 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 star in outcome/exposure domain
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Fig. 1 Forest plot showing the association (Odds Ratio (OR) and 95% Confidence Interval (CI)) between joint hypermobility and shoulder injuries
(i.e., acute shoulder injuries or activity-related pain) for the six included studies [4, 22, 32–35]

4). One study [34] reported five different shoulder
injury-related outcomes, of which “acute shoulder injury” including fractures was chosen for this review. A
sensitivity analysis excluding fractures increased the association (OR = 3.54, 95% CI 1.92, 6.53, I2 = 67.5%, p =
0.009) and reduced the heterogeneity further by 8.5%points (Additional File 4).
Risk of bias assessment

Four studies [4, 22, 32, 35] had low risk of bias, and two
studies [33, 34] high risk of bias (Additional File 5). For
studies with high risk of bias, main reasons included lack
of sample size justification and no reporting of the comparability of the participants in the different outcome
groups.
Overall quality of evidence

The level of evidence started at low as we only
included observational studies. We downgraded by
one level due to the substantial heterogeneity and
upgraded by one level because of a strong association
[36]. We did not downgrade the quality of evidence
based on the risk of bias assessment, as studies with
low risk of bias showed the strongest association (Fig. 2).
The overall quality of evidence for the estimate was,
therefore, judged as low.

Discussion
Based on data from six studies including 2496 participants, there was a threefold higher odds of having shoulder injuries among athletes with joint hypermobility
compared with athletes without joint hypermobility. In
the subgroup analysis, using the various GJH definitions
from the individual studies resulted in a significantly
lower association than using localised shoulder joint hypermobility as exposure. Studies with low risk of bias
showed significantly stronger associations compared
with high risk of bias. No significant differences were
found in the association between subgroups based on
type of activity, study type, level of sport, and sex. As the
overall quality of evidence was judged as low, the estimates of increased association of having shoulder injuries in patients with joint hypermobility must be
interpreted with caution.
Our results are comparable with previously reported
associations between GJH and knee joint injury in athletes, [26] in the general population, [27] and the association for the presence of GJH in patients with an
anterior cruciate ligament injury [25]. In contrast, there
was no association between joint hypermobility and
ankle joint injury, [26] suggesting that the association
may be joint specific. One study [37] that was excluded
in this review due to the low mean age of participants
reported that adolescent swimmers with increased
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Fig. 2 Subgroup analysis showing the association (Odds Ratio (OR) and 95% Confidence Interval (CI)) between joint hypermobility and shoulder
injuries (i.e., acute shoulder injuries or activity-related shoulder pain). Heterogeneity explained (%): a positive value denotes less heterogeneity,
and a negative value denotes more heterogeneity compared with the primary analysis

external rotation range of motion of more than 100° also
had higher risk of developing a shoulder injury, supporting our findings.
Various definitions of joint hypermobility have been
used to investigate its association with shoulder injuries.
The Beighton score is currently used in most epidemiological studies and consists of nine dichotomous joint
hypermobility tests, where a tested joint is either hypermobile (score = 1) or not hypermobile (score = 0), with
the scores ranging from 0 and 9, and higher scores indicating more joints with joint hypermobility/hyperlaxity
[38, 39]. The Beighton score with a cut-off of ≥4/9, as
previously recommended to classify GJH in adults [40],
was used by two studies [22, 32]. A general limitation of
using the Beighton score in shoulder studies is that the
shoulder joint is not included in the test battery. However, being classified with GJH by the Beighton score
builds on the assumption that all joints, including the
shoulder, are hypermobile. In contrast, the Hospital Del
Mar criteria (cut-off 4 for males or 5 for females out of
10), as used by one study [22], includes the shoulder

external rotation test >85° in neutral position to classify
GJH. The association for shoulder injury varied significantly with exposure definition between GJH (OR =
1.97) and localised shoulder joint hypermobility (OR =
8.23). Another contributing factor is that local shoulder
hypermobility may not be captured when using common
tests for GJH (e.g., Beighton score). It therefore seems
important to include shoulder-specific measures of joint
hypermobility, such as a positive apprehension test for
anterior instability [4], the shoulder external rotation test
>85° [22], or self-reported previous shoulder instability
[35], when assessing the risk of shoulder injuries in athletes with joint hypermobility.
There was substantial heterogeneity in the primary
meta-analysis, mainly due to the exposure definition and
the risk of bias (Fig. 2). Furthermore, the I2 value was reduced substantially from 75.3 to 50.6% when excluding
two studies with the most extreme estimates, [4, 34] of
which Myklebust et al. [4] reported the strongest association among the included studies between shoulder laxity (anterior instability tests) and shoulder pain in female
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elite handball players. This may be explained by the
population (only female athletes), outcome (shoulder
pain), exposure definition, and/or the specific sport (e.g.
that shoulder pain is very common in handball) [4].
Handball players with joint hypermobility may be more
exposed to shoulder pain. The study by Saremi et al.
[34] showed the weakest association with shoulder injuries and was the only one in the meta-analysis including
fractures, which were more prevalent in athletes without
joint hypermobility. None of the sensitivity analyses
showed important changes in the reported associations.
To date, little is known about the underlying pathophysiological mechanism of joint hypermobility [18].
However, research suggests that impaired collagen synthesis results in laxity of the connective tissue matrix
and affects the stability of the joint capsules and the extensibility of ligaments, tendons, and the skin, thereby
increasing the demands on the active muscular stabilisers [41]. In sports where high flexibility is required such
as swimming, ballet, or dancing, joint hypermobility is
often considered to be advantageous [42–46]. On the
contrary, it may be a disadvantage being an athlete with
joint hypermobility, as this condition may increase the
susceptibility for sports-related injuries, [26, 27, 44, 47–
50] potentially caused by inherent strength deficits, increased muscular fatigue, and/or poor joint stability [20,
51]. Although there are some older studies showing a
similar or even reduced injury risk for athletes with GJH,
[52, 53] recent studies support joint hypermobility as a
potentially important factor in injury aetiology [26, 27].
Limitations

The six studies included in this systematic review and
meta-analysis varied in terms of study type, exposure,
and outcome definitions/criteria (e.g., including measures of pain), resulting in large heterogeneity. For example, in two studies [33, 35] the exposure was selfreported without any clinical verification of the condition. However, the large heterogeneity was primarily explained by exposure definition and risk of bias, and the
completed sensitivity analyses generally yielded similar
results. Since shoulder pain can be related to both joint
hypermobility and shoulder injury, we performed a post
hoc sensitivity analysis excluding the paper by Myklebyst
et al. [4] and found that it did not substantially change
the estimate (OR 2.52, 95% CI 1.36, 4.66). Aetiology of
shoulder injuries among athletes is known to be multifactorial, but only one of the included studies [35] used
multivariable analyses to identify the combination of risk
factors associated with shoulder injury [54]. As one of
the included studies was a case-control design, the OR
was presented in the meta-analysis. Considering the
prevalence range of the outcome in the nonhypermobile population (0.4 to 32.8%), estimated relative
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risks are 2.65, 2.24, or 1,94 (reference prevalence of 10,
20, 30%, respectively). Therefore, the reported association measured as OR may overestimate the associations
between joint hypermobility and shoulder injuries. Due
to the few studies and low quality of evidence, future research is very likely to change the estimated strength of
this effect.
Perspective

Due to the increased odds of having shoulder injuries in
athletes with joint hypermobility, the current findings
highlight the need to focus on prevention of shoulder injuries in athletes with joint hypermobility and the subsequent tailored treatment after shoulder injury. Future
prospective cohort studies on risk factors for sustaining
shoulder injuries should include joint hypermobility as a
potential variable using high-quality design and standardised testing methods. More studies are needed to compare non-contact with contact sports, level of sports
participation, and sex differences, which may be important for establishing injury risk in sport for both GJH and
localised shoulder joint hypermobility [55]. We also suggest future risk factor studies to assess whether joint hypermobility results in greater time-loss, as no data is
currently available about the severity and consequences
of shoulder injuries in this population. This knowledge
is important to target future treatment and prevention
programmes more specifically.

Conclusions
There was a threefold higher odds of having shoulder
injuries among athletes with joint hypermobility compared with athletes without joint hypermobility. This
finding highlights the need for prevention of shoulder
injuries in athletes with joint hypermobility. However,
the overall quality of evidence was low, meaning that
future research is very likely to change the estimated
strength of the association.
Abbreviations
CI: Confidence interval; GJH: Generalised joint hypermobility; GRADE: Grading
of Recommendations Assessment, Development and Evaluation; OR: Odds
Ratio; PRISMA: Preferred Reporting Items for Systematic Reviews and Metaanalysis guidelines

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-021-04249-x.
Additional file 1. Search matrix.
Additional file 2. Excluded full-text articles.
Additional file 3. Study selection process.
Additional file 4. Sensitivity analyses excluding extreme results, using
different exposure definitions, and excluding shoulder fractures.
Additional file 5. Risk of bias assessment.

Liaghat et al. BMC Musculoskeletal Disorders

(2021) 22:389

Acknowledgements
We would like to thank the research librarian Anne Faber Hansen, PhD, for
her assistance in creating the search matrix.

Page 8 of 9

8.

9.
Authors’ contributions
BL and JRP conceived and planned the study, and all others approved the
study protocol. BL and JRP performed the searches, and BL, JRP, JY, and JBT
performed the screening of papers. BL, JRP, and CBJ did the data extraction
and risk of bias analysis. BL and JRP performed the analyses and wrote the
draft of the manuscript. All authors participated in reviewing and editing the
manuscript, and all authors have read and approved the final version.
Funding
Not applicable.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on request.

10.

11.

12.

13.

Declarations
Ethics approval and consent to participate
Not applicable.

14.

Consent for publication
Not applicable.

15.

Competing interests
The authors declare that they have no competing interests.

16.
17.

Author details
1
Department of Sports Science and Clinical Biomechanics, University of
Southern Denmark, Campusvej 55, 5230 Odense M, Odense, Denmark.
2
Department of Research, Canadian Memorial Chiropractic College, Toronto,
Canada. 3Research Unit for General Practice, Department of Public Health,
University of Southern Denmark, Odense, Denmark. 4Department of
Physiotherapy and Occupational Therapy, Copenhagen University Hospital,
Herlev and Gentofte, Copenhagen, Denmark.

18.

19.

Received: 16 December 2020 Accepted: 12 April 2021
20.
References
1. Bohu Y, Klouche S, Lefevre N, Peyrin JC, Dusfour B, Hager JP, et al. The
epidemiology of 1345 shoulder dislocations and subluxations in French
Rugby union players: a five-season prospective study from 2008 to 2013. Br
J Sports Med. 2015;49(23):1535–40. https://doi.org/10.1136/bjsports-2014093718.
2. Clarsen B, Bahr R, Heymans MW, Engedahl M, Midtsundstad G, Rosenlund L,
et al. The prevalence and impact of overuse injuries in five Norwegian
sports: application of a new surveillance method. Scand J Med Sci Sports.
2015;25(3):323–30. https://doi.org/10.1111/sms.12223.
3. Posner M, Cameron KL, Wolf JM, Belmont PJ Jr, Owens BD. Epidemiology of
Major League Baseball injuries. Am J Sports Med. 2011;39(8):1676–80.
https://doi.org/10.1177/0363546511411700.
4. Myklebust G, Hasslan L, Bahr R, Steffen K. High prevalence of shoulder pain
among elite Norwegian female handball players. Scand J Med Sci Sports.
2013;23(3):288–94. https://doi.org/10.1111/j.1600-0838.2011.01398.x.
5. Cameron KL, Mauntel TC, Owens BD. The epidemiology of Glenohumeral
joint instability: incidence, burden, and long-term consequences. Sports
Med Arthrosc Rev. 2017;25(3):144–9. https://doi.org/10.1097/JSA.
0000000000000155.
6. Shanley E, Rauh MJ, Michener LA, Ellenbecker TS. Incidence of injuries in
high school softball and baseball players. J Athl Train. 2011;46(6):648–54.
https://doi.org/10.4085/1062-6050-46.6.648. PMID: 22488191; PMCID:
PMC3418943.
7. Moller M, Attermann J, Myklebust G, Wedderkopp N. Injury risk in
Danish youth and senior elite handball using a new SMS text messages
approach. Br J Sports Med. 2012;46(7):531–7. https://doi.org/10.1136/
bjsports-2012-091022.

21.

22.

23.

24.

25.

26.

27.

Verhagen EA, Van der Beek AJ, Bouter LM, Bahr RM, Van Mechelen W. A one
season prospective cohort study of volleyball injuries. Br J Sports Med. 2004;
38(4):477–81. https://doi.org/10.1136/bjsm.2003.005785.
Owens BD, Agel J, Mountcastle SB, Cameron KL, Nelson BJ. Incidence of
glenohumeral instability in collegiate athletics. Am J Sports Med. 2009;37(9):
1750–4. https://doi.org/10.1177/0363546509334591.
Leroux T, Wasserstein D, Veillette C, Khoshbin A, Henry P, Chahal J, et al.
Epidemiology of primary anterior shoulder dislocation requiring closed
reduction in Ontario. Can Am J Sports Med. 2014;42(2):442–50. https://doi.
org/10.1177/0363546513510391.
Zacchilli MA, Owens BD. Epidemiology of shoulder dislocations presenting
to emergency departments in the United States. J Bone Joint Surg Am.
2010;92(3):542–9. https://doi.org/10.2106/JBJS.I.00450.
te Slaa RL, Brand R, Marti RK. A prospective arthroscopic study of acute firsttime anterior shoulder dislocation in the young: a five-year follow-up study.
J Shoulder Elb Surg. 2003;12(6):529–34. https://doi.org/10.1016/S1058-274
6(03)00218-0.
Hovelius L, Eriksson K, Fredin H, Hagberg G, Hussenius A, Lind B, et al.
Recurrences after initial dislocation of the shoulder. Results of a prospective
study of treatment. J Bone Joint Surg Am. 1983;65(3):343–9. https://doi.
org/10.2106/00004623-198365030-00008.
Dickens JF, Owens BD, Cameron KL, Kilcoyne K, Allred CD, Svoboda SJ, et al.
Return to play and recurrent instability after in-season anterior shoulder
instability: a prospective multicenter study. Am J Sports Med. 2014;42(12):
2842–50. https://doi.org/10.1177/0363546514553181.
Emery CA, Pasanen K. Current trends in sport injury prevention. Best Pract
Res Clin Rheumatol. 2019;33(1):3–15. https://doi.org/10.1016/j.berh.2019.02.
009.
Hakim A, Grahame R. Joint hypermobility. Best Pract Res Clin Rheumatol.
2003;17(6):989–1004. https://doi.org/10.1016/j.berh.2003.08.001.
Singh H, McKay M, Baldwin J, Nicholson L, Chan C, Burns J, et al. Beighton
scores and cut-offs across the lifespan: cross-sectional study of an Australian
population. Rheumatology (Oxford). 2017;56(11):1857–64. https://doi.org/1
0.1093/rheumatology/kex043.
Remvig L, Jensen DV, Ward RC. Epidemiology of general joint hypermobility
and basis for the proposed criteria for benign joint hypermobility syndrome:
review of the literature. J Rheumatol. 2007;34(4):804–9.
Olds M, Ellis R, Donaldson K, Parmar P, Kersten P. Risk factors which
predispose first-time traumatic anterior shoulder dislocations to recurrent
instability in adults: a systematic review and meta-analysis. Br J Sports Med.
2015;49(14):913–22. https://doi.org/10.1136/bjsports-2014-094342.
Scheper MC, Juul-Kristensen B, Rombaut L, Rameckers EA, Verbunt J,
Engelbert RH. Disability in adolescents and adults diagnosed with
hypermobility-related disorders: a meta-analysis. Arch Phys Med Rehabil.
2016;97(12):2174–87. https://doi.org/10.1016/j.apmr.2016.02.015.
Juul-Kristensen B, Ostengaard L, Hansen S, Boyle E, Junge T, Hestbaek L.
Generalised joint hypermobility and shoulder joint hypermobility, − risk of
upper body musculoskeletal symptoms and reduced quality of life in the
general population. BMC Musculoskelet Disord. 2017;18(1):226. https://doi.
org/10.1186/s12891-017-1595-0.
Chahal J, Leiter J, McKee MD, Whelan DB. Generalized ligamentous laxity as a
predisposing factor for primary traumatic anterior shoulder dislocation. J
Shoulder Elb Surg. 2010;19(8):1238–42. https://doi.org/10.1016/j.jse.2010.02.005.
Cheng SC, Sivardeen ZK, Wallace WA, Buchanan D, Hulse D, Fairbairn KJ,
et al. Shoulder instability in professional rugby players-the significance of
shoulder laxity. Clin J Sport Med. 2012;22(5):397–402. https://doi.org/10.1
097/JSM.0b013e31825b5d42.
Ranalletta M, Bongiovanni S, Suarez F, Ovenza JML, Maignon G. Do patients
with traumatic recurrent anterior shoulder instability have generalized joint
laxity? Clin Orthop Relat Res. 2012;470(4):957–60. https://doi.org/10.1007/s11
999-011-1992-x.
Vaishya R, Hasija R. Joint hypermobility and anterior cruciate ligament injury.
J Orthop Surg. 2013;21(2):182–4. https://doi.org/10.1177/2309499013021
00213.
Pacey V, Nicholson LL, Adams RD, Munn J, Munns CF. Generalized joint
hypermobility and risk of lower limb joint injury during sport: a systematic
review with meta-analysis. Am J Sports Med. 2010;38(7):1487–97. https://doi.
org/10.1177/0363546510364838.
Sundemo D, Hamrin Senorski E, Karlsson L, Horvath A, Juul-Kristensen B,
Karlsson J, et al. Generalised joint hypermobility increases ACL injury risk
and is associated with inferior outcome after ACL reconstruction: a

Liaghat et al. BMC Musculoskeletal Disorders

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

46.

47.

(2021) 22:389

systematic review. BMJ Open Sport Exerc Med. 2019;5(1):e000620. https://
doi.org/10.1136/bmjsem-2019-000620.
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA,
(editors). Cochrane Handbook for Systematic Reviews of Interventions
version 6.0: Cochrane; 2019. Available from: www.training.cochrane.org/ha
ndbook.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;
339(jul21 1):b2535. https://doi.org/10.1136/bmj.b2535.
Anglin RE, Samaan Z, Walter SD, McDonald SD. Vitamin D deficiency and
depression in adults: systematic review and meta-analysis. Br J Psychiatry.
2013;202(2):100–7. https://doi.org/10.1192/bjp.bp.111.106666.
Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P, Knottnerus A. GRADE
guidelines: a new series of articles in the journal of clinical epidemiology. J
Clin Epidemiol. 2011;64(4):380–2. https://doi.org/10.1016/j.jclinepi.2010.09.
011.
Azma K, Mottaghi P, Hosseini A, Abadi HH, Nouraei MH. Benign joint
hypermobility syndrome in soldiers; what is the effect of military training
courses on associated joint instabilities? J Res Med Sci. 2014;19(7):639–43.
Caplan J, Julien TP, Michelson J, Neviaser RJ. Multidirectional instability of
the shoulder in elite female gymnasts. Am J Orthopedics (Belle Mead, NJ).
2007;36(12):660–5.
Saremi H, Yavarikia A, Jafari N. Generalized ligamentous laxity: an important
predisposing factor for shoulder injuries in athletes. Iran Red Crescent Med
J. 2016;18(6):e38903.
Cameron KL, Mountcastle SB, Nelson BJ, Deberardino CRTM, Duffey ML,
Svoboda LCSJ, et al. History of shoulder instability and subsequent injury
during four years of follow-up: a survival analysis. J Bone Joint Surg. 2013;
95(5):439–45. https://doi.org/10.2106/JBJS.L.00252.
Schünemann H, Brożek J, Guyatt G, Oxman A. GRADE handbook for grading
quality of evidence and strength of recommendations. : The GRADE
Working Group; 2013. Available from: guidelinedevelopment.org/handbook.
Walker H, Gabbe B, Wajswelner H, Blanch P, Bennell K. Shoulder pain in
swimmers: a 12-month prospective cohort study of incidence and risk
factors. Phys Ther Sport. 2012;13(4):243–9. https://doi.org/10.1016/j.ptsp.2
012.01.001.
Beighton P, Solomon L, Soskolne CL. Articular mobility in an African
population. Ann Rheum Dis. 1973;32(5):413–8. https://doi.org/10.1136/ard.32.
5.413.
Juul-Kristensen B, Schmedling K, Rombaut L, Lund H, Engelbert RH.
Measurement properties of clinical assessment methods for classifying
generalized joint hypermobility-a systematic review. Am J Med Genet C
Semin Med Genet. 2017;175(1):116–47. https://doi.org/10.1002/ajmg.c.31540.
Grahame R, Bird HA, Child A. The revised (Brighton 1998) criteria for the
diagnosis of benign joint hypermobility syndrome (BJHS). J Rheumatol.
2000;27(7):1777–9.
Malfait F, Francomano C, Byers P, Belmont J, Berglund B, Black J, et al. The
2017 international classification of the Ehlers-Danlos syndromes. Am J Med
Genet C Semin Med Genet. 2017;175(1):8–26. https://doi.org/10.1002/ajmg.
c.31552.
Johnson SM, Robinson CM, Johnson SM, Robinson CM. Shoulder instability
in patients with joint hyperlaxity. J Bone Joint Surg (Am Vol). 2010;92(6):
1545–57. https://doi.org/10.2106/JBJS.H.00078.
Day H, Koutedakis Y, Wyon MA. Hypermobility and dance: a review. Int J
Sports Med. 2011;32(7):485–9. https://doi.org/10.1055/s-0031-1273690.
Scheper MC, de Vries JE, de Vos R, Verbunt J, Nollet F, Engelbert RH.
Generalized joint hypermobility in professional dancers: a sign of talent or
vulnerability? Rheumatology (Oxford). 2013;52(4):651–8. https://doi.org/10.1
093/rheumatology/kes220.
Grahame R, Jenkins JM. Joint hypermobility--asset or liability? A study of
joint mobility in ballet dancers. Ann Rheum Dis. 1972;31(2):109–11. https://
doi.org/10.1136/ard.31.2.109.
Wanivenhaus F, Fox AJS, Chaudhury S, Rodeo SA. Epidemiology of injuries
and prevention strategies in competitive swimmers. Sports Health. 2012;
4(3):246–51. https://doi.org/10.1177/1941738112442132.
Cameron KL, Duffey ML, DeBerardino TM, Stoneman PD, Jones CJ, Owens
BD. Association of generalized joint hypermobility with a history of
glenohumeral joint instability. J Athletic Training (National Athletic Trainers'
Association). 2010;45(3):253–8. https://doi.org/10.4085/1062-6050-45.3.253.

Page 9 of 9

48. Smith R, Damodaran AK, Swaminathan S, Campbell R, Barnsley L.
Hypermobility and sports injuries in junior netball players. Br J Sports Med.
2005;39(9):628–31. https://doi.org/10.1136/bjsm.2004.015271.
49. Borsa PA, Sauers EL, Herling DE. Patterns of glenohumeral joint laxity and
stiffness in healthy men and women. Med Sci Sports Exerc. 2000;32(10):
1685–90. https://doi.org/10.1097/00005768-200010000-00004.
50. Konopinski MD, Jones GJ, Johnson MI. The effect of hypermobility on the
incidence of injuries in elite-level professional soccer players: a cohort study.
Am J Sports Med. 2012;40(4):763–9. https://doi.org/10.1177/03635465114301
98.
51. Liaghat B, Juul-Kristensen B, Frydendal T, Marie Larsen C, Søgaard K, Ilkka
Tapio Salo A. Competitive swimmers with hypermobility have strength and
fatigue deficits in shoulder medial rotation. J Electromyography Kinesiol.
2018;39:1–7. https://doi.org/10.1016/j.jelekin.2018.01.003.
52. Decoster LC, Bernier JN, Lindsay RH, Vailas JC. Generalized joint
hypermobility and its relationship to injury patterns among NCAA lacrosse
players. J Athl Train. 1999;34(2):99–105.
53. Krivickas LS, Feinberg JH. Lower extremity injuries in college athletes:
relation between ligamentous laxity and lower extremity muscle tightness.
Arch Phys Med Rehabil. 1996;77(11):1139–43. https://doi.org/10.1016/S00039993(96)90137-9.
54. Kent P, Cancelliere C, Boyle E, Cassidy JD, Kongsted A. A conceptual
framework for prognostic research. BMC Med Res Methodol. 2020;20(1):172.
55. Asker M, Brooke HL, Walden M, Tranaeus U, Johansson F, Skillgate E, et al.
Risk factors for, and prevention of, shoulder injuries in overhead sports: a
systematic review with best-evidence synthesis. Br J Sports Med. 2018;
52(20):1312–9. https://doi.org/10.1136/bjsports-2017-098254.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

