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RESEARCH REVIEW

Measurement Properties of Clinical Assessment
Methods for Classifying Generalized Joint
Hypermobility—A Systematic Review

BIRGIT JUUL-KRISTENSEN, * KAROLINE SCHMEDLING, LIES ROMBAUT, HANS LUND,
AND RAOUL H. H. ENGELBERT

The purpose was to perform a systematic review of clinical assessment methods for classifying Generalized Joint
Hypermobility (GJH), evaluate their clinimetric properties, and perform the best evidence synthesis of these
methods. Four test assessment methods (Beighton Score [BS], Carter and Wilkinson, Hospital del Mar, Rotes-
Querol) and two questionnaire assessment methods (Five-part questionnaire [5PQ], Beighton Score-self reported
[BS-self]) were identified on children or adults. Using the Consensus-based Standards for selection of health
Measurement Instrument (COSMIN) checklist for evaluating the methodological quality of the identified studies,
allincluded studies were rated “fair” or “poor.” Most studies were using BS, and for BS the reliability most of the
studies showed limited positive to conflicting evidence, with some shortcomings on studies for the validity. The
three other test assessment methods lack satisfactory information on both reliability and validity. For the
questionnaire assessment methods, 5PQ was the most frequently used, and reliability showed conflicting
evidence, while the validity had limited positive to conflicting evidence compared with test assessment methods.
For BS-self, the validity showed unknown evidence compared with test assessment methods. In conclusion,
following recommended uniformity of testing procedures, the recommendation for clinical use in adults is BS
with cut-point of 5 of 9 including historical information, while in children it is BS with cut-point of at least 6 of 9.
However, more studies are needed to conclude on the validity properties of these assessment methods, and
before evidence-based recommendations can be made for clinical use on the “best” assessment method for
classifying GJH.  © 2017 Wiley Periodicals, Inc.
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INTRODUCTION

Generalized joint hypermobility (GJH)
is relatively common, occurring in
about 2-57% of different populations
[Remvig et al., 2007b]. Important

reasons for this may be the use of
many different clinical assessment meth-
ods and criteria for classification and
interpretation of GJH by these clinical
assessment methods [Remvig et al.,
2007a,b]. GJH 1is characterized by an

ability to exceed the joints beyond the
normal range of motion in multiple
joints, either congenital or acquired
[Remvig et al., 2011]. Many individuals
with GJH are asymptomatic, which also
makes it difficult to accurately estimate

Dr. Birgit Juul-Kristensen, Associate professor, PT, Department of Sports Sciences and Clinical Biomechanics, Research Unit of Musculoskeletal
Function and Physiotherapy, University of Southern Denmark, Odense, Denmark.
Karoline Schmedling, M.Sc., PT, Department of Health Sciences, Institute of Occupational Therapy, Physiotherapy and Radiography, Bergen

University College, Bergen, Norway.

Dr. Lies Rombaut, Postdoctoral researcher, PT, Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium.

Dr. Hans Lund, Associate professor, PT, Department of Sports Sciences and Clinical Biomechanics, Research Unit of Musculoskeletal Function and
Physiotherapy, University of Southern Denmark, Odense, Denmark; SEARCH (Synthesis of Evidence and Research), Department of Sports Science and
Clinical Biomechanics, University of Southern Denmark, Odense, Denmark; Center for Evidence-Based Practice, Bergen University College, Bergen,

Norway.

Dr. Raoul Engelbert, Department of Rehabilitation, Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands; ACHIEVE,
Faculty of Health, Center for Applied Research, University of Applied Sciences, Amsterdam, the Netherlands.

Conflicts of interest: There are no other financial interests that any of the authors may have, which could create a potential conflict of interest or the
appearance of a conflict of interest with regards to the work.

*Correspondence to: Birgit Juul-Kristensen, Research Unit for Musculoskeletal Function and Physiotherapy, Institute of Sports Science and Clinical
Biomechanics, University of Southern Denmark, Campusvej 55, DK-5230 Odense M, Denmark. E-mail: bjuul-kristensen@health.sdu.dk

DOI 10.1002/ajmg.c.31540

Article first published online in Wiley Online Library (wileyonlinelibrary.com).

© 2017 Wiley Periodicals, Inc.



RESEARCH REVIEW

AMERICAN JOURNAL OF MEDICAL GENETICS PART C (SEMINARS IN MEDICAL GENETICS) 117

the number of people with this condi-
tion, as they are not recorded in the
health system.

When GJH is accompanied with
symptoms, itis defined as a health-related
disorder, for example, Joint Hypermo-
bility Syndrome (JHS) or the Ehlers—
Danlos Syndrome—Hypermobile Type
(hEDS) with several complications as
described below. The two conditions
(JHS and hEDS) have very close overlap
to the point of being clinically indistin-
guishable [Tinkle et al., 2009; Remvig
etal., 2011], and in the present study it is
referred to as JHS/hEDS. The condition
of JHS/hEDS can be defined as an under-
and often misdiagnosed heritable con-
nective tissue disorder, characterized
generally by GJH, complications of joint
instability, musculoskeletal pain, skin
involvement, and reduced quality of life
[Rombaut et al., 2010; Castori et al.,
2014; Scheper et al., 2016]. Until now,
JHS is diagnosed by the Brighton tests
and criteria [Grahame et al., 2000], and
hEDS by the Villefranche criteria
[Beighton et al., 1998], both including
the Beighton scoring (BS) system of nine
tests for assessment of GJH [Beighton
et al., 1973].

BS consists of four bilateral tests
and one test including low back and
lower extremities (first finger opposi-
tion, fifth finger extension, elbow
extension, knee extension, and back
forward bending), with scores ranging
from 0 to 9. Influencing factors on BS
are age, gender, ethnicity, and physical
fitness [Remvig et al., 2007b; Tinkle
et al., 2009]. For adults, a cut-point of
4/9 for GJH is included in the
Brighton criteria for JHS [Grahame
et al., 2000], while 5/9 for GJH is the
criteria for hEDS in the Villefranche
criteria [Beighton et al., 1998]. For
children, there is no consensus on a
specific cut-point for GJH, but cut-
points of 5/9, 6/9, and 7/9 have been
suggested [Jansson et al., 2004]. A
previous review has listed different
test assessment methods of which the
[Beighton et al.,
1973] was most frequently used. The

Beighton score
review concluded that reproducibility
of Beighton or similar tests is good, but
there is lack of evidence for the validity

of this test assessment method [Remvig
et al., 2007a].

For adults, a cut-point of 4/9
for GJH is included in the
Brighton criteria for JHS,
while 5/9 for GJH is the
criteria for hEDS in the
Villefranche criteria. For
children, there is no consensus
on a specific cut-point for
GJH, but cut-points of 5/9,
6/9, and 7/9 have been
suggested.

Further, also questionnaire assess-
ment methods are used for classifying
GJH, among which the five-part ques-
tionnaire (5PQ) [Hakim and Grahame,
2003; Mulvey et al., 2013]. The 5PQ, so
far used only for adults, consists of five
questions, including actual and historical
information about joint hypermobility
(forward bending of the back, first finger
opposition, the ability to amuse friends
with strange body shapes, dislocation of’
shoulder/knee, perception of being
double-jointed). The 5PQ is claimed
to have good reproducibility, in addition
to satisfactory sensitivity and specificity
[Hakim and Grahame, 2003]. However,
clinimetric properties (reliability, differ-
ent aspects of validity, and responsive-
ness) have not been described fully for
BS, 5PQ, or other potential clinical
assessment methods for classifying GJH.

Clear and valid diagnostic clinical
assessment methods and criteria for
classiftying GJH with or without symp-
toms are essential, both for diagnosing
JHS/hEDS and measuring treatment
effects of JHS/hEDS, in children
[Scheper et al., 2013] as well in adults
[Palmer et al., 2014; Smith et al., 2014;
Scheperetal., 2016]. In summary, there is
lack of knowledge of clinimetric proper-
ties on clinical assessment methods for
classiftying GJH. Therefore, the purpose
of this study was to perform a systematic

review for identifying the clinical assess-
ment methods for classifying GJH, to
evaluate their clinimetric properties
(reliability and wvalidity), and finally to
summarize the best evidence synthesis of
these clinical assessment methods.

MATERIALS AND
METHODS

This systematic review followed the
Preferred Reporting Items for System-
atic Reviews and Meta-Analysis state-
ment guidelines, PRISMA, [Moher
etal., 2009] and used the PICOS method
to present the chosen research questions:
Participants (humans with GJH and
healthy controls, ranging from childhood
to  adults),
methods for evaluation and classification
of GJH), Comparison (e.g., healthy
control groups), Outcomes (reliability/
validity), and Study design (e.g., reliabil-
ity/case control/longitudinal studies).
The overall method used in this
review can be divided into four steps: (1)

Intervention (assessment

Compile an exhaustive list of assessment
methods for GJH on the basis of an
initial search (Search 1); (2) Additional
search for studies including clinimetrics
of the identified assessment methods
from Search 1 (Search 2); (3) Critically
appraisal of the methodological quality
of the identified measurement proper-
ties in each study; and (4) synthesizing of
the evidence as “a best evidence
synthesis.”

Selection Criteria

Search 1

With restrictions on the date of publi-
cation (January 01, 1965 to Decem-
ber 31, 2015), humans and English, the
included articles had to meet the
following criteria: (1) be originally
published in peer-reviewed journals
involving human participants; (2) in-
clude a clinical assessment method (test
or questionnaire) to classify GJH; and (3)
be reported in English. Studies were
excluded if they: (1) contained other
advanced assessment methods used as
primary assessment method and not as a
reference assessment; (2) were reviews,
abstracts, theses, unpublished studies
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(“gray literature”); or (3) were animal
studies.

Search 2

By using the names of the different
assessment methods found in Search 1,
Search 2 was initiated, and the articles
were included if they: (1) explicitly
outlined a purpose for evaluating clini-
metric properties of an assessment
method (test or questionnaire) for
classifying GJH; and (2) included at least
one of the clinimetric properties of
reliability, validity, and responsiveness.
To avoid confusion in relation to the
terminology of clinimetric properties,
this study relates to the COSMIN
terminology, including reliability (reli-
ability and measurement error), validity
(criterion validity and hypotheses test-
ing), and responsiveness [Schellingerh-
out et al., 2008; Mokkink et al., 2010].

Search Strategy and Data Sources

Search 1 (production of a list of clinical
assessment methods)

The systematic review was performed by
electronic and manual searches in CI-
NAHL (n=153), Embase (n=1,027),
SportDiscus (n=272), and MEDLINE
(n=833). Furthermore, reference lists of
relevant articles were hand-searched for
additional literature,
conferred with experts within the field

and the authors

of GJH, in order to make sure no relevant
articles would be missing. In each of the
four databases, the following search terms
were used for the Electronic Search 1 for
producing a method list: (joint"; hyper-
mobility; instability; laxity; general”) AND
(evaluation™; rating”; rate™; questionnaire™;
test™; scale™; assess™; examin®; observ™;
diagnos®; measure*) NOT (fracture®;
surgical). The search terms were adjusted
to the different databases where necessary.
In all databases, the search fields included
title, abstract, and keywords.

Search 2 (identifying clinimetric properties)

For the Electronic Search 2, using the
same databases as described in Search 1,
and with a total of six identified assess-
ment methods at this point, a total of 24
searches were conducted; one in each
database, on each assessment method.

The following search terms were used,
for retrieving studies with clinimetric
properties on each of the six identified
assessment methods:  (psychometric®;
clinimetric*; reproducibility; reliability;
repeatability; responsiveness; sensitivity;
specificity; validity; diagnos™; feasibility).
When including the questionnaire as-
sessment methods, the terms test® and
tool® were left out. See PRISMA flow

chart (Fig. 1) for the selection process.

Data Extraction and Quality
Assessment

Two authors (KS/BJK) independently
screened the titles and abstracts, and agreed
upon a final list of assessment methods to be
included in the current review. If there
were any disagreements, the full paper was
retrieved for detailed assessment, and
consensus was achieved. A third reviewer
(RHE) was included if disagreement still
existed. The handling of data were
performed with the use of EndNoteWeb
(https://www.myendnoteweb.com/), for
easy access and organizing of data. Screen-
ing for additional references were per-
formed based on the retrieved articles.
Eligible studies for each of the
retrieved assessment methods were eval-
uated by the Consensus-based Standards
for the selection of health Measurement
Instruments (COSMIN) checklist for
evaluating the methodological quality
on clinimetric properties—reliability,
validity, and responsiveness [Mokkink
et al., 2010]. The COSMIN checklist is
currently the only recommended stan-
dardized method [Terwee et al., 2012],
and has been used in several different
studies of clinical test assessment methods
[Larsen etal., 2014; Kroman etal., 2014].
The complete COSMIN checklist in-
cludes 12 boxes, covering internal con-
sistency, reliability, measurement error,
validity, and responsiveness. The current
study used the reliability and validity
domains, in particular box B—reliability
(14 items), box F—hypothesis testing (10
items), and box H—criterion validity (7
items). After inclusion of studies, these
were grouped based on the clinimetric
property assessed, in reliability (intra-,
inter-tester and test-retest) and validity
(hypothesis testing or criterion validity).

No studies on the responsiveness domain
were obtained.

A compiled list for the assessment of
the item “minor methodological flaws”
as used previously [Larsen et al,
2014] was included (no inclusion of the
target population, only for reliability
domain; only one trial per measure-
ment/lack of information on repetition;
no random order of investigators/meas-
urements; no description of any training
phase; inadequate description on demo-
graphic details). For the item “other
important methodological flaws” an
additional list was included (inadequately
described/lacking of information about
subject eligibility criteria; doubt regard-
ing the site of measurement). Final
scoring of the methodological quality
of each items, evaluated on a four-point
scoringsystem, (excellent, good, fair, and
poor methodological quality) was based
on the “worse score counts method” in
the checklist [Terwee et al., 2012].

Finally, a best evidence synthesis was
performed, by compiling the assessment
of the methodological quality, the actual
results of the included studies, the
number of studies, and the total sample
size, as outlined in connection to the
COSMIN evaluation [Terwee et al.,
2007], and asalso performed in a previous
study [Kroman etal., 2014]. The rating of
the best evidence synthesis ranged from
strong, moderate, limited, positive/neg-
ative, conflicting, or unknown. A note
was made whenever a study was rated
“poor” due to only one single item. In
the reliability domain this mainly con-
cerned the item “only one measure-
ment” (in box B), as often used in clinical
examinations and always in questionnaire
studies; in the validity domain studies
were mainly rated “poor” due to one
rating based on the item “no information
on the measurement properties of the
comparator instrument(s)”’; in addition, a
note was made to studies rated “poor”
due to “subject eligibility criteria inade-
quately described/lacking.” Studies rated
“poor” due to only one “poor” item
were upgraded to “fair,” in line with
previous systematic reviews, describing
the limitations of the COSMIN when
used for clinical test assessment methods
[Kroman etal., 2014; Larsen et al., 2014].
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Figure 1.
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Flow diagram showing identification, screening, eligibility, and inclusion procedures.

Studies with more than one “poor”-rated
item were omitted from the final evi-
dence synthesis.

RESULTS

Identification of Clinical
Assessment Methods

In total 2,285 references were identified,

and after removal of duplicates 1,338
the

references were included in

screening procedure of titles and ab-
stracts, of which 298 full-text articles
were eligible according to the inclusion
criteria. In Search 1, a total of six
primary clinical assessment methods for
classifying GJH were identified, corre-
sponding to four test assessment meth-
ods (BS, Carter, and Wilkinson [CW],
Hospital del Mar [HdM], Rotes-Querol
[RQ]), and two questionnaire assess-
ment methods (5PQ, Beighton Score
self-reported [BS-self]). In Search 2, 163

references were identified, and after
removal of duplicates 33 studies were
identified describing the clinimetric
properties of the six clinical assessment
methods (Fig. 1).

Clinimetric Properties

Methodological quality in relation to
reliability of the four test assessment
methods (BS, CW, HdM, and RQ) was
and

evaluated from eleven studies,
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reliability of one of the two questionnaire
assessment methods (5PQ) was evaluated
from two studies, while there were no
reliability studies on BS-self (Table I).

Methodological quality in relation to
validity of the four test assessment
methods (BS, CW, HdM, RQ), was
evaluated from twenty studies, and validity
of the two questionnaire assessment
methods (5PQ, BS-self) was evaluated
from six studies (Table II).

All four tests were rated as having
poor quality in all reliability studies, while
64% (7 of 11) for BS, and 50% (1 of 2) for
RQ could be upgraded to fair quality,
when one rating (“only one measure-
ment”) was omitted. Both studies of 5PQ
were rated as having poor quality in test-
retest reliability [Moraes et al., 2011,
Bulbena et al., 2014], but both could be
upgraded to fair. CW, RQ, and HdM
were all rated as having fair quality (3/3),
while for BS 82% (14/17) were upgraded
and thus rated as having fair quality. All
studies on validity for the two question-
naire assessment methods (for 5PQ: 5/5;
for BS-self: 1/1) were upgraded, and
therefore, rated as fair (Table III).

As seen in Tables I and II, all test
assessment methods BS, CW, HdM, and
RQ, have been tested for reliability, and
for validity when compared with each
other. BS has further been tested for
different validity types, such as range of
motion (ROM), associations with pain,
injuries, and other diseases, whereas
HdM has further been tested for validity
on associations with shoulder injuries.
5PQ is the only one of the questionnaire
assessment methods that has been tested
for reliability, and for validity when
compared with test assessment methods,
associations with pain, diseases, and
anxiety. BS-self has only been tested
for wvalidity
(Table IIT).

compared with BS

Best Evidence Synthesis: Levels of
Evidence

Test assessment methods

Of the 11 reliability studies for test
assessment methods, 5 studies had poor
ratings on methodological — quality
[Bulbena et al., 1992; Mikkelsson et al.,
1996; Hansen et al., 2002; Boyle et al.,

2003; Aslan et al., 2006], and since they
could not be upgraded to fair, they were
not included in the best evidence synthe-
sis. For the only two studies including
intra-rater reliability on BS there was
limited positive evidence [Erkula et al.,
2005; Hirsch et al., 2007] (Table IV).

For inter-rater reliability four stud-
ies had limited positive evidence [Hicks
et al., 2003; Erkula et al., 2005; Hirsch
et al., 2007; Juul-Kristensen et al.,
2007], while two studies had negative
evidence [Karim et al., 2011; Junge
etal., 2013], leaving the final evidence as
limited positive to conflicting evidence.
A total of four out of the eleven studies
included children [Mikkelsson et al.,
1996; Hansen et al., 2002; Erkula et al.,
2005; Junge et al., 2013].

Validity of BS compared with other
test assessment methods showed limited
positive to conflicting evidence in three
studies [Bulbena et al., 1992; Ferrari
et al., 2005; Junge et al., 2013], while
compared with ROM (trunk rotation,
lower, and upper extremities) the validity
in five studies showed limited negative to
conflicting evidence (two on children)
[Sauers et al., 2001; Erkula et al., 2005;
Pearsall et al., 2006; Smits-Engelsman
et al.,, 2011; Naal et al.,, 2014]. The
validity for BS and the association with
pain showed moderate positive to con-
flicting evidence in five studies (all on
children) [El-Metwally et al.,, 2004,
2005, 2007, Tobias et al., 2013; Sohr-
beck-Nohr et al., 2014]. For the validity
of BS and the association with injuries
the validity showed conflicting evidence
in three studies (one in children) [Rous-
sel et al., 2009; Cameron et al., 2010;
Junge et al., 2015]. For the validity of BS
and the
diseases (Temporo-Mandibular Disor-

association with different

ders, Chronic Fatigue Syndrome, Adhe-
sive Capsulitis) there was limited positive
to conflicting evidence in three studies
[Nijs et al., 2004; Hirsch et al., 2008;
Terzi et al., 2013].

CW (almost similar to the BS), and
RQ had unknown evidence for both
inter-rater reliability and validity com-
pared with other test assessment methods
[Bulbena et al, 1992], while HdM
showed unknown evidence for inter-rater
reliability and validity in the association

with injuries, such as anterior shoulder
dislocation [Bulbena et al., 1992; Chahal
et al., 2010].

Questionnaire assessment methods

For reliability 5PQ showed conflicting
evidence in the two studies [Moraes
et al., 2011; Bulbena et al., 2014]. For
the validity 5PQ showed limited positive
to conflicting evidence compared with
test assessment methods (BS, HdM) in
the same two studies, while in the
association with pain and tissue diseases
(chronic widespread pain, JHS) 5PQ
showed limited positive evidence in two
studies [Hakim and Grahame, 2003;
Mulvey et al., 2013], and with anxiety it
showed unknown evidence [Sanches
et al., 2014]. BS-self showed unknown
evidence in the validity compared with
BS in one study [Naal et al., 2014].

DISCUSSION

Four test assessment methods (BS, CW,
HdM, RQ) and two questionnaire
methods (5PQ, BS-self)
were identified for classifying GJH, in
children and adults, with 33 studies
reporting their measurement properties.

assessment

The four test assessment methods and
one of the questionnaire assessment
methods (5PQ) reported measurement
properties on both reliability and valid-
ity. Most studies were on BS, and only
BS and 5PQ reported aspects of validity.

Four test assessment methods
(BS, CW, HdM, RQ) and
two questionnaire assessment
methods (5PQ, BS-self) were
identified for classifying GJH,
in children and adults, with
33 studies reporting their
measurement properties.

The majority of the reliability
studies showed limited positive to con-
flicting evidence for BS, and thus, may
seem acceptable to be used in clinical
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.z g practice, provided that uniformity of
o v &£7F o - . . . . .
g E .5 % E g £ ) testing procedures is included in testing
= &5 &7 £35 4 g
= -5 5 8 ~ 252 g procedures, in addition to historical
2 [SERCER ] S £ e} . . . .
& BeT E B g 8 2 2 information, especially in adults. How-
2 59 5 8 & w © 8 = —a g" K .
< £225¢ 2% -Efwm| & ever, there are shortcomings on studies
] E Qo588 E o & .. ¥E < .1 .
5 cESES CE£E52E| 4 for the validity of BS, while the three
= £EEEE Z2£EEZZE g other test assessment methods lack
o} o} @ . . L1
5 o information on both reliability and
5 g 1 . .
s .8 validity. For the questionnaire assess-
£ .2
5 S g ment methods, 5PQ was the most
2 a0 g .
- g8 frequently used, however, only in adult
5 . . o
X 4 g population studies, and the reliability
=] =1 L. )
O I 0 & = showed conflicting evidence. Concern-
e N L . -1 .
Al Al z = ing the validity there were shortcomings
_ 8o on studies for 5PQ, while for BS-self the
2 S 8 validity showed unknown evidence in
2| e y ~ B ) ‘ '
Sl ® 58 g S comparison with BS. More studies are
2| © < - > S
g o £< = oo needed to conclude on the measure-
5 =232 =% g .o 5 & :
2 g £ < g EeReR%| 5 & ment properties for BS-self.
E B 5 8 TS Sed| 5§ liabili .
e 2= S haesal| 8F Inter-rater reliability studies on test
& O Y S
9 &0 VRAASACASS ooR assessment methods were most fre-
g .
g g quently reported on BS, with the
Lo R . . . . . o .
- .7 majority showing limited positive to
L = .. .
< Z g g conflicting evidence, and thus, may be
Yy S =S =] .
3 g 52 acceptable for this assessment method.
= o ©» s = . . . .
1S E i e S8 This may provide useful information for
3 e g g © s :
O g g 2 g clinicians and researchers, in order to
~= — < . . . . .
. = © = establish uniformity in carrying out the
(=1 o .
o £ g procedures. On the other hand, it also
E 20U shows the need for more future com-
< B = % 2 prehensive studies of this test assessment
@ j=N e . .
= ] 2 z 2 T = method, since unclear/vague or differ-
8 2 3 =1 ..
g rE 52 ent descriptions of the procedures for
2 5 & = 0 . .
& E =8 performing the Beighton tests were used
& = . . .
e 2 P BE (e.g., thumbs apposition with straight or
la] o 1 Z2) - . .
. = Z %S &£ 2 flexed elbow, knee extension in standing
g 3 = T © 2 .. . . ..
£ £ 5 8E e o= or supine lying). The procedures ini-
< o 23 £Bgz = s
g .2 £S5 w 2 k- R =3 tially illustrated by photos for perform-
= 4 o8 8 Bl < O Y = . . .
g &l S8 = %E o 3 g s ing the Beighton tests [Beighton et al.,
Z el B £ g 8 °© Zu &7 TS
Bl g T = e EsE3 ¥ 1973] are recommended for future
=) =1 .. - . q -
& z = T 0 clinical use, as described in detail in
K=
L2 . -
> L the appendix of one of the reliabili
g+ 7 = = & PP : v
sl e 5 g — F o studies [Juul-Kristensen et al., 2007], as
= © g o = . © 1
23 7 8 e s © they have satisfactory reliability.
3 ) in [N : . . .
518 1 = & A g 8 Some of the studies did not include
= ;g — ; — Rs) . .
HE85 & m sf5 5 E ol all nine tests as recommended, which
g S st E g 2 = o . .. .
FEZE 2 1 2EE I ZE £ S especially is important when defining
g = = . . .
& T £ cut-points for classifying GJH, as dis-
2
£ <
- £ S cussed further below. Other test assess—
~ —~ o —~ o s
g I £ = 5 £ ment methods, such as CW, RQ, and
< =3 s @ =} =] S0 .
. s 4 gz a g £ S HdM showed unknown evidence on
g SR Z B — Z T e T .
E 2 T %% A & 8 reliability in one single study [Bulbena
g g 3 B 2 e -
o /é? 3 5 N P E‘ z et al.,, 1992], which is too limited to
473 o g g £ S
S E| 2 E 2 il s & = conclude on.
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methods, most of the studies were
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TABLE IV. Levels of Evidence of Included Studies

R eliability Validity
Intra/inter Quality/(n)/pop Hypothesis testing Quality/(n)/pop
Clinical assessment tools
Beighton Aslan”®; ++ P (72) vs. other tests:
Boyle™: ++ P (42/36) (CW/RQ) Bulbena®: + P (173)
Bulbena®: + P (30) (LLAS) Ferrari®: + F (225) C
Erkula®®: ++ P (50) (A/B) Junge'?: — F (103) C
Hansen®: — P (100) (+) to (+/—) Limited
Hicks™: + P* (50) pos. to conflicting
Hirsch””: ++ P* (50)
Junge'?: — P (39) vs. ROM:
Juul-Kr%7: + P* (40) (Trunkrot.) Erkula®: — P (1273) C
Karim'": — P (30) (Hip) Naal'*: — P (55)
Mikkelss.”®:++ P (29/13) (k/a lax) Pearsall®®: — F (57)
(sh lax) Sauers"': — F (51)
Ia (gon) Smits—Eng“: + P (551) C
(4) Limited pos. (=) to (+) Limited neg. to
conflicting
Ie
(4) to (+/—) Limited pos. to vs. pain:
Conflicting (p/7) El—MetwallyM: + F (430) C
(LLP) El-Metwally”®: + F (1284) C
(inc) El-Metwally””: — F (1113) C
(inc) Sohrb.-Nohr'*: + F (301) C
(s/k/a)(inc/p) Tobias'>:+ P (2901) C
(++) to (+/-)
Moderate pos. to Conflicting
BS vs. injuries:
(GI) Cameron'’: + F (714)
(KI) Junge': — P (999) C
(PT) Roussel””: — P (58)
(4+/—) Conflict
vs. diseases:
(TMs) Hirsch®: + F (895)
(CES) Nijs™*: — F (44)
(ACprev) Terzi'®: + P (240)
(+)to (+/—) Limited
pos. to conflicting
Carter & Wilkinson Bulbena®: + P (30) vs. other tests:
Inter: Unknown (BS/RQ) Bulbena™: + P (173)
Unknown
Rotes-Quérol Bulbena”™: + P (30) vs. other tests:
Juul-Ke”: + (3) P*(40) (CW/BS) Bulbena’: + P (173)
Inter: Unknown Unknown
Hospital del Mar Bulbena®: + P (30) (ASD) Chahal'’: + F (149)

Inter: Unknown

Unknown

continued
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TABLE IV. (Continued)

Reliability Validity
Intra/inter Quality/(n)/pop Hypothesis testing Quality/(n)/pop
Questionnaires
5-part Q. Bulbena'*: + P* (33) vs. other tests:
Moraes'': — PF(211) (HdM) Bulbena'*: + P (191)
Retest: (+/—) (BS) deMoraes'!: —/+ F (394)
Contflicting (+) to (+/—) Limited
pos. to Conflicting
vs. pain/tissue diseases:
Criterion val. (CWP) Mulvey'’: + (BJHS) F (2354)
(BS) deMoraes'': — F (394) Hakim®*: P (489)
(BS) Hakim®*:? F (489) (+) Limited pos.
Unknown
vs. anxiety/psych. disease:
(anx) Sanches'*: — F (2300)
Unknown
BS-self-reported vs. tests:
(BS) Naal'*: + P (55)
Unknown

Ia, Intra-rater; Ie, Inter-rater; P, poor; E fair; pop, population; BS, Beighton Score; CW, Carter & Wilkinson; HdM, Hospital del Mar; RQ,
Rotes-Quérol; 5-part Q, 5-part questionnaire; LLAS, Lower Limb Assessment Score; k/a lax, Knee/ankle laxity; sh lax, Shoulder laxity; gon,

goniometry; p, persistent; r, recurrent; inc, incidence; s/k/a, shoulder/knee/ankle; GI, Glenohumeral joint instability; Y, youth; C, children,

AID, Primary traumatic anterior shoulder dislocation; KI, knee injuries; PI, pelvic injuries; TMs, Temporomandibular symptoms; CFS, chronic

fatigue syndrome; ACprev, Adhesive capsulitis prevalence; ASD, Anterior Shoulder Dislocation; CWP, chronic widespread pain; BJHS, benign

joint hypermobility syndrome; Anx, anxiety; °%, Superscripts shows year of publication.

*Reliability studies rated poor on the basis of one single rating, based on ”only one measurement.”

**Validity studies rated poor on the basis of one single rating “no information on the measurement properties of the comparator instrument(s).”

BS (5/9, 6/9, and 7/9). In one test
assessment method the total score was
11 with a cut-point of 7/11 for
classifying GJH based on only tests in
the lower extremities [Ferrari et al.,
2005], and another study used two cut-
points the lower being 5/9 and the
upper being 7/9 [Smits-Engelsman
et al.,, 2011]. Since JHS and hEDS in
the current review are recognized as
one and the same condition, a specific
cut-point needs to be decided, and 5/9
may be suggested for future use in
adults. However, since joint mobility,
and therefore, BS is known to decrease
by age [Remvig et al., 2007b], there is
a need for adults
additional historical information, as

also to include

described in the appendix of the
reliability study using the BS, with
phrasing “can you now or have you
previously been able to ... ” [Juul-
Kristensen et al., 2007], and in the
study describing 5PQ [Hakim and
Grahame, 2003].

Generally, for adults, one cut-
point, varying from 4 to 5 was
used in BS (4/9 and 5/9), and

2/5 in 5PQ have been used.
For children, one cut-point

varying from 5 to 7 was used
in BS (5/9, 6/9, and 7/9).

Since children have individual
growth periods, this may be the reason
for using two cut-points (a lower and an
upper) as recently suggested [Smits-
Engelsman et al., 2011], and therefore,
the upper cut-point is suggested to be at
least 6/9 as used in previous population
studies [El-Metwally et al., 2004, 2005,
2007; Tobias et al., 2013].
Warming-up before performing
flexibility
outcome of a test assessment method.

tests may influence the
However, almost no studies reported

whether participants did warm-up, and
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the influence of such performance is
therefore, unknown.

This review highlights a number
of areas warranting future research.
Because of the limited studies on the
clinical assessment methods for classi-
fying GJH, more high quality studies,
and especially those evaluating aspects
of validity are required (concurrent,
predictive, measurement error, respon-
siveness, and interpretability). Addi-
tional clinical test assessment methods
may further be considered in order to
support and endorse the presence of
GJH in the diagnostic procedure of
heritable connective tissue disorders.
Also of importance is that consensus is
warranted regarding selection of spe-
cific test and questionnaire assessment
methods for classifying GJH, the test
performance, and the cut-points by
which age, gender, and ethnicity may
be taken into account.

Limitations of the study are the
small amount of studies, for which
reason it was decided only to rate
reliability (intra- and inter-rater) and
validity (hypothesis testing or criterion
validity). Use of COSMIN is recom-
mended to be the best evaluation
method until now, as has also been
used previously to evaluate clinical test
assessment methods [Kroman et al.,
2014; Larsen et al., 2014]. However,
since the COSMIN originally was
designed for the evaluation of pa-
tient-reported outcomes, there are
some adjustments that need to be
considered when using COSMIN for
clinical test assessment methods. For
example, although rating of the num-
ber of measurements taken may be
useful in settings with continuous scales
as in performance-based methods,
rating scales in many clinical assessment
methods (test or questionnaire) are
(positive/negative). To
adjust for this shortcoming, the present

dichotomous
review adjusted the evaluation of
methodological quality, corresponding
to when “only one measurement” was
rated poor in reliability, the study was
upgraded from poor to fair, meaning
that the study thereby could be
included in the best evidence synthesis.
Furthermore, the sample size in clinical

studies is often much smaller than in
questionnaire studies, and therefore, it
may be suggested that minor sample
sizes should not be rated that strictly as
in questionnaire assessment methods,
when studying clinical test assessment
methods. For validity studies, one poor
rating including “no information on
the measurement properties of the
comparator instrument” or “subject
eligibility criteria inadequately de-
allowed upgrading
to fair, and the study could thereby
be included in the best
synthesis.

scribed/lacking,”
evidence

Strengths of this review are the
systematic and rigid use of recom-
mended strategies for systematic re-
views of clinical assessment methods,
the evaluation of their clinimetric
properties
evidence synthesis.

and rating of the best

CONCLUSION

In the current review, four test and two
questionnaire assessment methods for
classifying GJH were found with mea-
surement properties of varying method-
ological strength and results of varying
weight. Most of the studies used the BS.
The inter-rater reliability of this method
seems acceptable to be used in clinical
practice, provided that uniformity of
testing procedures are included in the
testing procedures, in addition to his-
torical information, especially in adults.
However, shortcomings were found in
studies on the validity of BS, while the
three other test assessment methods
(CW, RQ, HdM) lack satisfactory
information on both reliability and
validity. Regarding questionnaire assess-
ment methods, 5PQ is the most fre-
quently method used, however, only in
adult population studies. In conclusion
provided uniformity of testing proce-
dures, the recommendation for clinical
use in adults is BS with cut-point of 5 of
9 including historical information,
while in children it is BS with cut-point
of at least 6 of 9. However, more studies
are needed to conclude, especially on
the validity properties of these assess-
ment methods, and before evidence-
based recommendations can be made for

clinical use on the “best” assessment
method for classifying GJH.

In the current review, four test
and two questionnaire
assessment methods for

classifying GJH were found
with measurement properties
of varying methodological
strength and results of varying
weight. Most of the studies
used the BS.
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