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The Beighton Score (BS) is a tool that dichotomizes
those who have generalized joint hypermobility (GJH)
and those who do not. Unfortunately, the BS is often used
in populations that it was not originally developed for,
including athletes for screening purposes. The construct
validity of the BS remains unknown in this population.
This secondary analysis investigated the construct
validity of the BS by comparing varsity athletes’ passive
shoulder and hip ranges of motion (ROMs) to their
respective BS and individual forward bend tests (FBTs).
There were statistically significant but weak correlations
between shoulder ROMs and the BS (r=0.142, p=0.021).
Mean hip ROMs were greater by 5-degrees in those with
positive FBTs compared to those with negative FBTs.
This difference falls within typical measurement errors
that occur in practice. Therefore, our results do not

Evaluation de la validité de construction du score

de Beighton en tant que mesure de I’hypermobilité
articulaire généralisée chez les athletes de haut niveau.
Le score de Beighton (BS) est un outil qui permet de
distinguer les personnes souffrant d’hypermobilité
articulaire généralisée de celles qui n’en souffrent pas.
Malheureusement, le score de Beighton est souvent
utilisé dans des populations pour lesquelles il n’a pas
été congu a l’origine, notamment les athletes, a des
fins de dépistage. La validité de construit du score de
Beighton reste inconnue dans cette population. Cette
analyse secondaire a étudié la validité conceptuelle

du score de Beighton en comparant les amplitudes de
mouvement passives de I’épaule et de la hanche des
athletes universitaires a leur score de Beighton et a
leurs tests individuels de flexion avant. Des corrélations
statistiquement significatives mais faibles ont été
observées entre les amplitudes de mouvement des
épaules et le score de Beighton (r=0,142, p=0,021).
Les amplitudes moyennes de flexion de la hanche
étaient supérieures de 5 degrés chez les personnes
ayant subi un test de flexion avant positif par rapport a
celles ayant subi un test de flexion avant négatif. Cette
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support the construct validity of the BS as a measure of
GJH in healthy athletes.

(JCCA. 2023:67(3):269-278)

KEY WORDS: Beighton Score, construct validity,
generalized joint hypermobility, hypermobility, range of
motion, sport

différence s’inscrit dans le cadre des erreurs de mesure
typiques qui se produisent au cours de la pratique. Par
conséquent, nos résultats ne confirment pas la validité
conceptuelle du score de Beighton en tant que mesure de
I’hypermobilité articulaire généralisée chez les athlétes
en bonne santé.

(JCCA. 2023;67(3):269-278)
MOTS CLES : Score de Beighton, validité de construit,

hypermobilité articulaire généralisée, hypermobilité,
amplitude de mouvement, sport

Introduction

Joint hypermobility is a trait of an individual who exhibits
joint ranges of motion (ROMs) that exceed an accepted
normal ROM for a particular joint.! Joint hypermobil-
ity may be localized to a single joint or occur at several
joints in the body, which is referred to as generalized joint
hypermobility (GJH). GJH is a trait of certain connective
tissue disorders, such as Ehlers Danlos Syndrome (EDS)
however it may also exist to a lesser degree in those with-
out pathology.? Existing literature supports that GTH may
predispose one to musculoskeletal pain®*, proprioceptive
deficits®, and injury>®®. In contrast, there is literature to
suggest GJH may actually be advantageous in certain
sports'® "' while possibly decreasing the likelihood of
joint and ligament injury'® 2, Despite these conflicting
observations, the identification of GJH in athletes may
still be important.”® Thus, it is necessary to evaluate the
properties of measurement tools that operationalize the
construct of GJH.

While there are different approaches used to detect
GJH, the Beighton Score (BS) is the most commonly used
tool in both research and clinical settings.®'*'> The cur-
rent version of the BS is a 9-point scoring tool that was
intended to be used for epidemiological screening and in-
cludes four bilateral joint measurements and one sagittal
plane multi-joint measurement (full forward flexion of the
trunk and hips).! 7

The BS has been incorporated into the more compre-
hensive Brighton Criteria, which serves as the diagnostic
criteria for benign joint hypermobility syndrome (BJHS)
and the hypermobile subtype of EDS.'*'* Previous work
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has validated the BS as a measure of GJH in children'?;
however, literature reveals discrepancies in the ideal cut-
off values that should be used in adults of different ages,
sexes and ethnicities, which questions the validity of the
BS as a measure of GJH in select populations.” Addition-
ally, Malek er al.! suggest that the joints within the scoring
system do not accurately represent the definition of GJH,
and thus cannot be used as a direct indicator of GJH.
These authors also propose that the BS cannot be used
as an indirect indicator of GJH, as a positive BS value
is unable to identify all presentations of GJH, including
those with hypermobility at joints outside those that are
measured in the BS.! Thus, false-negative outcomes be-
come possible as individuals may receive a negative BS
outcome, despite exhibiting hypermobility at joints out-
side the scoring system and a clinical presentation that
raises suspicion of disease.!

Nevertheless, the BS has been widely adopted in the
clinical setting. This includes its use as a screening tool
for GJH in sports medicine and athletic settings; however,
the use of the BS in this context has not been validated.
Validity is one of three fundamental properties for a meas-
urement tool and is comprised of several subtypes. Con-
struct validity is one subtype that can be evaluated on the
strength of relationships between measurements obtained
using the tool and measurements of other variables that
are theoretically connected to the construct.”! Regarding
the BS, construct validity refers to its ability to operation-
alize the construct of GJH. The construct of GJH is theor-
etically related to ROM measurements at joints that are,
and are not, represented within the BS. Thus, construct
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validity for using the BS in a specific population may be
assessed by investigating the strength of its relationships
with measurements of joint ROM.

To our knowledge, no previous study has investigated
the construct validity of the BS as a measure of GJH in
a sample of healthy adult athletes. Thus, the objective
of this study was to investigate for construct validity of
the BS in healthy adult athletes in two ways. First, we
investigated for correlation between participants’ BS
and their passive flexion ROM at the femoroacetabular
and glenohumeral joints. We hypothesized that if the BS
exhibits construct validity as a measure of GJH, those
with higher scores should exhibit greater ROMs at joints
not included in the BS. Second, we compared the joint
ROMs of those who scored positive on the forward bend
test (FBT) to those participants who scored negative, as
the FBT is the only component of the BS that requires
motion at the shoulder and hip joints. Therefore, we hy-
pothesized that those with a positive FBT would exhibit
larger ROMs.

Methods

Design

This was an exploratory secondary analysis of pre-season
screening data from male and female varsity athletes of
various sports. All protocols for the original data collec-
tion were approved by the research ethics board at the
University of Toronto (Protocol #33327). Data used for
the current investigation was a subset of a larger data-
base.?? Deidentified data were electronically transferred
from the University of Toronto to the Canadian Memorial
Chiropractic College in accordance with an established
data transfer agreement between the institutions. The
protocols for this secondary analysis were approved by
the Canadian Memorial Chiropractic College’s research
ethics board (REB #2201X02).

Participants

The sample comprised 266 uninjured male (n=169) and
female (n=97) athletes from the University of Toronto.
Inclusion criteria included sport participation on a varsity
athletic team at the time of data collection. Exclusion cri-
teria included the presence of a known injury at the time
of data collection that limited involvement in practice or
competition. Prior to their participation in data collection,
all athletes provided their written informed consent.
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Data collection and quality assurance

The original dataset included measurements of active
and passive ROMs at various joints, Functional Move-
ment Screen® scores, anthropometric measurements of
the upper and lower extremities and BS outcomes. For
our study, we used BS data and hip and shoulder flexion
ROMs measured in degrees using manual goniometry.

Bilateral passive hip and shoulder flexion ROMs were
measured while supine and seated, respectively. Each
measurement was obtained with and without multiarticu-
lar restraint; however, for the purpose of this study, only
measurements without multiarticular restraint were used
(e.g., hip flexion with the knee flexed and shoulder flexion
with the elbow extended) in hopes of reducing the influ-
ence from surrounding biarticular musculature on ROM
measurements. Two measurements were recorded for each
joint and the mean was calculated for the left and right side
separately, which were further combined as an average.
This yielded one hip and one shoulder ROM value per par-
ticipant that was used in the statistical analysis.

The BS was measured using a standardized protocol as
described by Juul-Kristensen et al.**, where test compon-
ent positivity was determined using visual observation
and manual goniometry'®'”-? and scored 0 when negative
and 1 when positive. Following completion of all nine
measurements, the total BS was calculated as an integer
value ranging from O to 9. For our study, the integer value
of the BS and the outcomes of the individual FBT for each
participant were used (e.g., positive FBT versus negative
FBT).

Prior to secondary analysis, the original measurement
data was reviewed by a single investigator (AP) for the
presence of missing data, as well as any identifiable data
entry or measurement errors. Consensus on the handling
of identified errors in the data was achieved through dis-
cussion with a second investigator (SH). Participants
were eliminated from the analysis for either the shoulder
or hip if they were missing both measurements for either
the left or right side for the respective joint.

Statistical analysis

All statistical analyses were performed using R (Version
4.2.1).» Two analyses were conducted to assess for con-
struct validity. First, the relationship between the overall
integer value of the BS and the hip and shoulder flexion
ROMs (left and right combined) were evaluated with Spear-
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man’s rank correlations. Second, mean hip and shoulder
ROMs, standard deviations and 95% confidence intervals
were calculated separately for those who scored positive
on the FBT and those who did not. Welch’s 2-sample t-test
was used to compare hip and shoulder ROMs between
athletes of these two groups. Effect sizes were determined
using Cohen’s d.» Statistical significance was achieved for
all analyses when the p-value was less than 0.05.

Results

Participants

Participant demographics are described in Table 1. There
was a disproportionate number of male athletes (n=169)
in comparison to female athletes (n=97). There were three
sports that contained only male athletes (e.g., football
= 86 males, baseball = 7 males, ice hockey = 7 males).
There was one sport that contained only female athletes
(e.g., field hockey = 7 females).

Data quality

Two-hundred sixty-three shoulder flexion ROM data
points were used in the analysis (Table 2). Three male
football players were missing all ROM measurements
for one or both sides for the shoulder and one erroneous
shoulder ROM value was identified in a fourth football
player. Two-hundred sixty-six hip flexion ROM data
points were in used in the analysis. BS data was complete
for all participants, and there were no identified data entry
errors.

Beighton Scores

One-hundred twenty-six of two-hundred sixty-six athletes
(47%) scored 0/9 on the BS (Figure 1a.). Only 25/266 ath-
letes (9%) scored at least 4/9 on the BS (Figure 1a.). The
FBT was the most frequently scored positive component
of the BS (Figure 1b.).

Table 1.
Participant demographics
Sport Sex Height (m) Mass (Kg)
All Total (n=266) 1.77 (0.09) 813 (18.4)
Al M (n=169) 1.82 (0.07) 89.6 (17.3)
F (n=97) 1.69 (0.08) 66.8 (8.9)
Football 2/[(51“_:05;6) _1_.82 (0.06) _9_6.6 (17.2)
M (n=21) 1.80 (0.05) 77.1 (6.6)
Soccer F (n=26) 1.67 (0.06) 65.4(9.3)
M (n=18) 1.77 (0.07) 87.9 (17.9)
Rugby F (n=19) 1.64 (0.05) 67.7 (11.3)
M (n=10) 1.88 (0.05) 823 (5.4)
Volleyball F (n=14) 1.78 (0.06) 66.6 (4.4)
M (n=13) 1.80 (0.07) 84.8 (24.1)
Lacrosse F (n=11) 1.67 (0.05) 68.0 (8.2)
M (n=7) 1.87 (0.08) 84.5 (6.6)
Basketball F (n=14) 174 (0.07) 69.1 (9.4)
. M (n=0) ~ _
Field Hockey F (n=13) 1.64 (0.05) 64.6 (8.3)
Basehall g/{(flnj)) _l_.78 (0.06) 7_6.2 (10.1)
Ice Hockey ;4(51“_?)7)) 1:84008) 874.103)

Abbreviations: m, meters; Kg, Kilogram; n, number of participants; M, Male; F, Female
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Table 2.
Descriptive measures of hip and shoulder flexion ranges of motion (degrees) for each sex within each sport. Standard
deviations are reported in parentheses.

Hip Shoulder
Sport Sex Mean SD CI-LL CI-UL Mean SD CI-LL CI-UL
All All 115 (1) 114 117 167 (10) 166 168
Al M 112 (10) 110 113 165 ) 164 166
F 121 (11) 119 123 171 (11) 169 173
Football 1;/1 1_1_3 (1_ _1) 1_1_1 1_1_5 1 _6_6 (_9_) 1 _6_4 1 _6_7
Soceer M 109 ) 105 112 163 ) 159 167
© F 118 (10) 114 122 172 (11) 168 176
M 113 ) 109 116 166 (10) 161 170
Rugby
F 117 (11) 113 122 171 (10) 167 176
M 110 ) 104 115 165 (12) 157 172
Volleyball F 125 ) 120 129 174 (8) 169 178
Lacrosse M 109 (13) 102 116 163 ) 159 167
F 125 (8) 120 130 170 (13) 163 178
M 120 4) 116 123 166 (10) 158 174
Basketball F 122 (12) 116 128 169 (14) 162 177
Field Hockey | 125 (11) 119 131 168 (11) 162 174
Bascball 1\121 1 _1_2 (1_ ?) 1 ?_4 1 _1_9 1 f9 (_6_) 1 f2 1 7 1
Toe Hockey 1\1:1 1_1_0 (_9_) 1?_3 1_1_7 1 _5_9 (i) 1 _5_6 1 _6_3

Abbreviations: SD, Standard Deviation; CI-LL, confidence interval-lower limit; CI-UL, confidence interval-upper limit; M, Male;
F, Female

Assessment of construct validity Mean hip flexion ROM was greater by 5 degrees
A weak, yet statistically significant, correlation was ob- amongst those who scored positive on the FBT (Table 3.
served between passive shoulder flexion ROM and the BS p=0.002, d=0.44). Mean shoulder flexion ROM was 2 de-
(Figure 2a. p=0.142, p=0.021). The correlation between grees higher amongst those who scored positive on the

passive hip flexion ROM and the BS was also weak, and FBT (Table 3. p=0.084, d=0.20).
not statistically significant (Figure 2b. p=0.111, p=0.070).

Table 3.
Hip and shoulder ranges of motion for those who scored positive and those who scored negative on the forward bend
test component of the Beighton Score. Means, standard deviations, confidence interval (CI) limits, p-values and effect
sizes are reported.

Hip Shoulder
n Mean (95%CI) |Standard |p d n Mean (95%CI) |Standard |p d
(degrees) Deviation (degrees) Deviation
FB +ve [191 |[119(116,121) |12 188 168 (166,171) |11
FB-ve |75 114 (112,115) |10 0.002 0.44 75 166 (165,168) |10 0.084 0.20

Abbreviations: n, number of participants; p, significance value; d, Cohen’s d effect size; FB, forward bend test; +ve, positive test;
-ve, negative test
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Figure 1b.
Number of athletes scoring positive in each component of Beighton Score.
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Figure 2a.
Beighton Score versus passive shoulder flexion range of motion.
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Beighton Score versus passive hip flexion range of motion.
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Discussion

There remains conflict in the existing GJH literature as
some authors suggest that ligament laxity may contrib-
ute to musculoskeletal injury®®° and pain**, while others
suggest it is an asset in certain sports'”'" and may prevent
ligament and soft tissue injury!® '2. Despite these con-
flicting findings, detection of GJH in athletes may still be
important."® This relevance has been recognized by clin-
icians and has resulted in the widespread use of the BS in
sport* 122629 "clinical-'® 3 and research settings' '® with-
out adequate consideration for the validity of the BS as a
measure of GJH in these populations. The current study
questions the appropriateness of these applications as the
results fail to support the construct validity of the BS as a
measure of GJH in healthy adult athletes.

Construct validity is determined by relationships be-
tween the measurement and other variables/measure-
ments that are associated (either known or theoretical)
with the construct.?’ We chose to assess for the construct
validity of the BS in two ways. The first was by assessing
the strength of an association between the overall BS and
ROMs at two large multiaxial joints that are not directly
measured in the existing BS. The current assumptions of

the BS are that it can be used to operationalize GJH, thus
detecting widespread hypermobility even at joints that are
not included within the scoring tool." 3! If this is true,
one would expect that individuals with a larger BS would
exhibit greater ROMs at most, if not all, major joints in
the body.

Ultimately, our statistical analyses did not support the
construct validity of the BS in our sample population. Al-
though there was a statistically significant correlation be-
tween shoulder flexion ROM and the BS, the strength of
the correlation was weak and likely a consequence of the
study’s sample size. Similarly, a statistically significant
difference in hip flexion ROMs was observed between
those who scored positive on the FBT and those who did
not; however, the effect size was small and the 5-degree
difference that was identified is within the standard meas-
urement error ranges for manual goniometers**3*. For
these reasons, we do not believe these results are prac-
tically meaningful.

Using the overall BS to assess the association with hip
and shoulder ROM is different from the clinical approach
that uses standardized cut-off points for the BS to iden-
tify people as being hypermobile or not. In conflict with

Findings

measurement errors of manual goniometry.

Implications

prevalence in sport.

Caution

KEY POINTS

Our results do not support construct validity of the Beighton Score as a measure of generalized joint hypermobility
in healthy adult athletes. Weak correlations exist between passive shoulder and hip ranges of motion and integer
values of the Beighton Score in this population. Statistically significant differences exist in mean hip flexion ranges
of motion in those with a positive versus negative forward bend test, however the differences fall within standard

Statistically significant results may not translate to practical significance when considering range of motion meas-
urement errors that occur in clinical practice. Additionally, the Beighton Score may have little practical use for the
screening of generalized joint hypermobility in healthy athletes, as the measurements included in the Beighton
Score have been previously described as arbitrary and do not include large multiaxial joints that have high injury

Our study was a secondary analysis of an existing dataset composed of healthy athletes from a limited number of
varsity sports with limited joint range of motion measurements. The sample may not have been representative of
athletes who are more likely to exhibit joint hypermobility, such as ballet and artistic dancers.
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this dichotomous approach suggesting that GJH is an all-
or-none phenomena, it is well understood that the hyper-
mobility associated with various hereditable connective
tissue disorders falls along a continuum and is not, in fact,
simply present or absent." Furthermore, there is no con-
sensus on the ideal cut-off value that should be used to
determine the presence or absence of GJH. Existing lit-
erature has revealed that mobility status is significantly
affected by age, sex and ethnicity® and the most used cut-
off value for all populations is =4/9'-?°. However, it has
been proposed that a value of =7/9 be used for Caucasian
children aged 6-12', suggesting that the scoring criteria
could change throughout one’s life. It is for these reasons
that the overall BS was used in our study, instead of mo-
bility classification.

The current study being a secondary analysis is its
main limitation. This means that we were unable to con-
trol what ROMs were collected. For example, data for
internal and external rotation ROM values at these joints
may have highlighted potential exposure dependent ROM
differences in certain athletes, as this has been observed
in various sports.!%-2%:35

Our sample population was also not representative
of certain sports that have been shown to have a high
prevalence of hypermobility, such as ballet and artistic
gymnastics.'” *- % This may have resulted in the large
number of athletes who scored low on the BS, and there-
fore our results should not be generalized to all athletic
populations. The inclusion of a wider variety of sports
to include those that have a higher prevalence of hyper-
mobility may help to further assess for construct validity
of the BS as a tool for classifying GJH, as these popula-
tions may be unique. We suggest that future works ad-
dress these limitations.

Conclusion

In conclusion, our results do not support the construct
validity of the BS as a measure of GJH in healthy adult
athletes. While shoulder ROM was very weakly associat-
ed with the integer value of the BS and hip flexion ROM
was greater in those who scored positive on the FBT, it is
important to consider that reaching statistical significance
does not always equal practical significance. These find-
ings question the ability of the BS to serve as an indicator
for future injury risk or performance in athletic popula-
tions, a purpose it is often used for. Although we did not
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measure this, we believe it may be inappropriate to use
the tool in this context.

References

1. Malek S, Reinhold EJ, Pearce GS. The Beighton Score as
a measure of generalised joint hypermobility. Rheumatol
Int. 2021;41(10):1707-1716.

2. Wolf JM, Cameron KL, Owens BD. Impact of joint laxity
and hypermobility on the musculoskeletal system. J Am
Acad Orthop Surg. 2011;19:462-471.

3. Kirk JA, Ansell BM, Bywaters EGL. The hypermobility
syndrome: musculoskeletal complaints associated
with generalized joint hypermobility. Ann Rheum Dis.
1967;26:419-425.

4. 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?
Rheumatol. 2013;52(4):651-658.

5. Smith TO, Jerman E, Easton V, Bacon H, Armon K,
Poland F, et al. Do people with benign joint hypermobility
syndrome (BJHS) have reduced joint proprioception?

A systematic review and meta-analysis. Rheumatol Int.
2013;33(11):2709-2716.

6. 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):1487-1497.

7. Briggs J, McCormack M, Hakim AJ, Grahame R. Injury
and joint hypermobility syndrome in ballet dancers: a
5-year follow-up. Rheumatol. 2009;48(12):1613-1614.

8. 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 systematic review. BMJ Open Sp Ex Med.
2019;5:e000620:1-14.

9. Liaghat B, Pedersen JR, Young JJ, Thorlund JB, Juul-
Kristensen B, Juhl CB. Joint hypermobility in athletes
is associated with shoulder injuries: a systematic
review and meta-analysis. BMC Musculoskelet Disord.
2021;22(1):389.

10. Baeza-Velasco C, Gely-Nargeot MC, Pailhez G, Vilarrasa
AB. Joint hypermobility and sport: a review of advantages
and disadvantages. Cur Sports Med Rep. 2013;12(5): 291-
295.

11. McCormack M, Briggs J, Hakim A, Grahame R. Joint
laxity and the benign joint hypermobility syndrome in
student and professional ballet dancers. J Rheumatol.
2004;31:173-178.

12. Nathan JA, Davies K, Swaine I. Hypermobility and sports
injury. BMJ Open Sport Exerc Med. 2018;4:¢000366:1-6.

13. Oddy C, Johnson MI, Jones G. The effect of generalised
joint hypermobility on rate, risk and frequency of injury in

277



Assessing construct validity of the Beighton Score as a measure of generalized joint hypermobility in varsity athletes

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24.

25.

278

male university-level rugby league players: a prospective
cohort study. BMJ Open Sp Ex Med. 2016;2:¢000177:1-6.
Klemp P. Hypermobility. Ann Rheum Dis. 1997;56:573-
575.

Sendur OF, Odabasi BB, Turan Y. An overlooked diagnosis
in rheumatology: benign joint hypermobility syndrome. J
Musculoskelet Pain. 2010;18(3):277-287.

Beighton P, Solomon L, Soskolne CL. Articular mobility
in an African population. Ann Rheum Dis. 1973;32:413-
418.

Keer R, Grahame R. Hypermobility syndrome: recognition
and management for physiotherapists. Edinburgh:
Butterworth Heinemann; 2003.

. 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):1777-1779.

Smits-Engelsman B, Klerks M, Kirby A. Beighton score: a
valid measure for generalized hypermobility in children. J
Pediatr. 2011;158(1):119-123,23 el-4.

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.
Rheumatol. 2017;56(11):1857-1864.

Kimberlin CL, Winterstein AG. Validity and reliability of
measurement instruments used in research. Am J Health
Syst Pharm. 2008;65(23):2276-2284.

Poulos C. Exploring the relationship between performance
on a series of squat-based movement tasks and passive
range of motion capacity - Is successful performance a
valid method of ruling out range of motion restrictions?
[thesis]. Toronto, Canada: University of Toronto; 2019.
Juul-Kristensen B, Rogind H, Jensen DV, Remvig

L. Inter-examiner reproducibility of tests and criteria

for generalized joint hypermobility and benign joint
hypermobility syndrome. Rheumatol. 2007;46(12):1835-
1841.

R. Core Team. R: a language and environment for
statistical computing. 4.2.1 ed. Vienna, Austria: R
Foundation for Statistical Computing; 2022.

Torchiano M. Effsize: efficient effect size computation.
2020.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Schmidt H, Pedersen TL, Junge T, Engelbert R, Juul-
Kristensen B. Hypermobility in adolescent athletes: pain,
functional ability, quality of life and musculoskeletal
injuries. J Orthop Sports Phys Ther. 2017;47(10):792-800.
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):628-631.
Rejeb A, Fourchet F, Materne O, Johnson A, Horobeanu C,
Farooq A, et al. Beighton scoring of joint laxity and injury
incidence in Middle Eastern male youth athletes: a cohort
study. BMJ Open Sport Exerc Med. 2019;5:e000482:1-5.
Grahame R, Jenkins JM. Joint hypermobility - asset or
liability? A study of joint mobility in ballet dancers Ann
Rheum Dis. 1972;31:109-111.

Beighton P, De Paepe A, Steinmann B, Tsipouras P,
Wenstrup RJ. Ehlers-Danlos syndromes: revised nosology,
Villefranche, 1997. Am J Med Genet. 1998;77(1):31-37.
Remvig L, Jensen DV, Ward RC. Are diagnostic

criteria for general joint hypermobility and benign joint
hypermobility syndrome based on reproducible and

valid tests? A review of the literature. J Rheumatol.
2007;34:798-803.

van Rijn SF, Zwerus EL, Koenraadt KL, Jacobs WC,

van den Bekerom MP, Eygendaal D. The reliability and
validity of goniometric elbow measurements in adults:

a systematic review of the literature. Shoulder Elbow.
2018;10(4):274-284.

Shamsi M, Mirzaei M, Khabiri SS. Universal goniometer
and electro-goniometer intra-examiner reliability in
measuring the knee range of motion during active knee
extension test in patients with chronic low back pain with
short hamstring muscle. BMC Sports Sci Med Rehabil.
2019;11:1-5.

Harris JD, Mather RC, Nho SJ, Salvo JP, Stubbs AJ,

Van Thiel GS, et al. Reliability of hip range of motion
measurement among experienced arthroscopic hip
preservation surgeons. J Hip Preserv Surg. 2020;7(1):77-84.
Klemp P, Chalton D. Articular mobility in ballet dancers:
a follow-up study after four years. Am J Sports Med.
1989;17:72-75.

J Can Chiropr Assoc 2023; 67(3)





