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The objectives of this study were to register clinicians performance
and opinion of importance of clinical tests for generalized joint
hypermobility (GJH), Ehlers—Danlos syndrome, hypermobility
type (EDS-HT) and joint hypermobility syndrome (JHS), and to
reach a consensus among clinicians on criteria for diagnosing GJH,
EDS-HT and JHS. A panel of clinicians answered questions about
how to perform and interpret clinical tests and rated test impor-
tance on an 11-box scale. The questionnaire was developed on the
basis of information from focus groups and the literature. Cron-
bach’s o was used as a measure of internal consistency/consensus
among the panelists. The results showed Cronbach’s o on impor-
tance score of items for diagnosing GJH, EDS-HT and JHS was 0.61,
0.79,and 0.44, respectively. Panelist-group correlation for the three
conditions varied substantially (—0.46 to 0.89, 0.03 to 0.68, and
—0.07 to 0.68) indicating heterogeneity among the panelists. There
was agreement on which tests to use, but performance of the tests
(i.e., the specific maneuvers) varied considerably inclusive use of
tests with unknown reliability. Furthermore, agreement on the
diagnostic criteria varied. We conclude that the level of consensus
for the importance of various items for diagnosing GJH, EDS-HT
and JHS, was below the required limit (Cronbach’s « >0.90) for
clinical decision-making and diagnosing. Consensus on tests and
criteria through a Delphi process could not be reached. Better
descriptions of, and reliability studies on, test maneuvers and
criteria sets for these conditions are needed. Subsequent intensive
training and implementation of these tests and criteria, nationally
as well as internationally should be established.
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INTRODUCTION

Generalized joint hypermobility (GJH) is part of the diagnostic
criteria for a wide range of heritable connective tissue disorders
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(HCTD). Among them joint hypermobility syndrome (JHS)
[Grahame et al., 2000] and Ehlers—Danlos syndrome, hypermo-
bility type (EDS-HT) [Beighton et al., 1998]—possibly one and
the same condition [Remvig et al., 2011]—are probably the most
common; but as is the case in most HCTD, JHS/EDS-HT does not
have one or more additional specific clinical feature and in
addition cannot be diagnosed through laboratory tests. Therefore,
standardizing clinical diagnostic criteria must be stringent in
order to differentiating JHS/EDS-HT both from asymptomatic
GJH and from rarer HCTD. In other words, better definitions of
the conditions are needed for two reasons: (i) for better stratifying
the general population between individuals at risk of developing
GJH related symptoms and individuals not at risk, and (ii) for
identifying an efficient tool guiding the choice between perform-
ing or not molecular testing and adequately selecting patients for
research.
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Furthermore, it is striking that neither the two above mentioned
sets of criteria nor the literature describe precisely how to perform
the clinical tests used—being joint tests, skin tests or specific
symptoms in the patient history—to make the clinical diagnosis
(or diagnoses). Consequently, considerable variation in test per-
formance is presented in scientific publications, in textbooks and on
the web, which together with a variation in the definition of GJH
[Remvig et al., 2007] further increases the variation in diagnostic
results for these disease entities.

These problems call for an agreement among international
opinion-makers on how to perform the clinical tests, as well as a
consensus on the criteria for GJH, for JHS and for EDS-HT. The
Delphi method [Dalkey and Helmer, 1963; Dalkey, 1969; Dalkey
etal., 1969], which is an attractive method to improve the quality of
judgements of relatively uncertain issues [Milholland et al., 1973],
has been accepted as a method to achieve consensus on controver-
sial subjects within health science [Fink et al., 1984] and recently
been used to establish consensus for diagnostic criteria [Graham
et al., 2003; John, 2010].

The purposes of our study, using the Delphi method, were (i) to
describe how international specialists in the field perform the
clinical tests for the conditions GJH, EDS-HT and JHS, and whether
they relate gender, age, and race to the criteria for these conditions,
(ii) to measure the level of agreement amongst these specialists for
the clinical tests and criteria using Cronbach’s o as a measure of the
internal consistency of the group, and (iii) to reach an international
consensus on a proposal for criteria of EDS-HT and JHS.

MATERIALS AND METHODS
The Delphi technique includes the following phases.

Forming an Investigator Group

The authors, Lars Remvig, Birgit Juul-Kristensen, and Lise Flycht,
formed the investigator group (IG) who wrote the protocol for the
Delphi Study, reviewed the literature with respect to criteria items,
formed the focus groups, collected and condensed suggestions for
criteria items given by the focus groups, and were obliged to accept
all items recommended. The IG also formed the panel by inviting
panelists confidentially. Members of the IG could not be members
of the focus groups or the panel.

Forming Focus Groups

Participants at the third Nordic Meeting in Hypermobility Re-
search, Copenhagen 2009 formed three focus groups with four
participants in each group, mixing nationalities, academic educa-
tion, and medical specialization. The focus groups had (i) to suggest
criteria items for diagnosing GJH, JHS and EDS-HT (clinical tests,
cut-off levels, etc.) (ii) to discuss variations depending on gender,
age, and race, and (iii) to discuss and propose principles for
selection/recruitment of members for the panel.

Forming a Panel

From a PubMed search with the searching term “hypermobility,”
the IG screened 525 papers published between May 1, 2005 and

April 30, 2010 for establishing the panel. Only 150 of these dealt with
joint hypermobility, and were screened thoroughly by the IG in order
to exclude reviews, case studies, letters, viewpoints, editorials, retro-
spective studies, question-based studies, and guidelines. Further,
publications without information on e-mail address for correspon-
dence were excluded. Only the latest publication from an author or a
department was included, ending up with 44 relevant publications.

From each publication the IG selected either: the first author; or
the one to whom correspondence should be addressed, or the one
who was responsible for the examination and diagnosis of the
patients. In three cases, the authors could not be addressed by e-
mail, leaving 41 to be invited as panelists. Fifteen of the 41 authors
responded positively being dermatologists, geneticists, pediatri-
cians, physical medicine specialists, rheumatologists, physiothera-
pists, and one psychologist, coming from 11 different countries in
the western world. They all accepted to take part in a second
questionnaire round. The composition of the panel was not dis-
closed to the panelists.

Forming a Questionnaire

Based on the proposals of the focus groups and the literature, the IG
compiled a list of items (Appendices 1 and 2—see supporting
information online) for the questionnaire. Nine main items were
related to GJH, 16 were related to EDS-HT, and one to the opinion
of the panelists, whether EDS-HT and JHS are two different disease
entities. If respondents answered in the affirmative, the very same
questions as those posed for the EDS-HT were asked again, but this
time for JHS. For each item, panelists had to answer the following
question: “How important/relevant to you is [the specific item] in
diagnosing GJH, EDS-HT/JHS respectively?” An 11-box visual
analogue scale with the anchors: “Completely unimportant/not
relevant (0)” and “Extremely important/relevant (10)” was used to
record the responses, and the median =+ range for the group for each
item comprised an “Importance score.” Some questions gave rise
only to dichotomous answers, quantified as 0 or 10. Most of the
items had sub-questions: for example, “skin signs” was divided into
skin extensibility, scarring, bruising, etc.; skin extensibility was
further divided into the location used to judge the sign (back of
hand, back of forearm, volar aspect of forearm, etc.), how to
perform the test (pinching the cutis, pinching the cutis + subcutis,
in the sagittal or the horizontal plane, etc.), and when extensibility is
pathologic (>1, >2, >3, >4, or >5cm).

The questionnaire was converted into a web-based questionnaire
using Enalyzer (www.enalyzer.com), tested and revised by the IG
before being forwarded to the panelists by the IT-department,
Rigshospitalet, including a letter with username and password.
The answered questionnaire was returned to the IT-department,
securing the anonymity of the panelists. When all responses were
collected, the questionnaire was re-forwarded to the panelists,
inclusive the computed results of each item (mean + SD), and a
request to re-consider/-evaluate their previous answers.

Statistics

Cronbach’s o was used as the statistical index to estimate reliability
ofthe sum of panelists’ importance scores [ Bland and Altman, 1997;


http://www.enalyzer.com/
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Graham et al, 2003]. In cases where the responses are highly
correlated, they are considered to have high internal consistency,
indicating a high level of consensus. The Cronbach’s o value is
recommended to be above 0.90 as a minimum for a diagnostic scale
to be useful in clinical practice [Bland and Altman, 1997], and
consequently an a-value >0.90 was a priori accepted as indicative of
acceptable consensus. Also, the correlation between the various
importance scores for each panelist and the total sum of the various
importance scores of the other panelists was computed.

All 15 panelists responded to the first questionnaire after two
reminders, and seven responded to the second after three
reminders. Only data from round one is presented, due to the
low response rate in the second round.

Cronbach’s a for panelists’ importance score of items to diagnose
GJH was 0.61, and the individual panelist to group correlation
ranged from —0.46 to 0.89. The median importance score for the
Beighton tests varied from 7.0 (3—10) for the 5th finger test, to 9.0
(6-10) for the knee extension test. There was an almost 50/50
distribution among the panelists using only current or historical
findings. Most of the panelists (13/15, i.e., 86.7%) used the Beighton
9-point scoring system; however cut-offlevels varied for diagnosing
GJH in adults, being either >4/9 (46%), >5/9 (46%) or >6/9 (8%).
Different maneuvers were preferred for the performance of 4 of the
5 Beighton tests (Table I). The importance score for having the
factors age, gender, and ethnicity influencing the cut-off level for
GJH was 8.0 (range 0-10). Most of the panelists (12/13, 92%) were
in favor of a change in the Beighton score cut-offlevel, rather than a

Beighton test

Thumb to volar aspect of forearm With flexed elbow
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change in ROM for this influence, and there was a clear tendency
towards a negative correlation between age and cut-off level
(Table II). Nine (75%) panelists suggested to increase the cut-off
level for females, and five (42%) to decrease it for males. An
increased cut-off level for certain ethnic groups was supported
by 75%, with 25% advocating a decreased cut-off level for Cau-
casians. The importance score for including additional joint tests
than the Beighton tests for diagnosing GJH was 8.0 (0-10), and
when demanding presence of positive tests in upper as well as lower
extremity joints the score was 6.0 (0-10).

The answers on importance score in items for diagnosing EDS-HT
resulted in Cronbach’s a of 0.79. The individual panelists to group
correlation ranged between 0.03 and 0.68 (Table I1I). The five most
important criteria were: GJH, joint dislocations/subluxations, skin
signs—particularly increased skin extensibility, soft tissue rheuma-
tism, and arthralgia (Table IV). Thirteen (87%) of the panelists
indicated dislocation(s)/subluxation(s) to have some degree of
importance for diagnosing EDS-HT, but frequency and number
of joints necessary to declare the sign abnormal varied considerably
(Table V). When testing skin extensibility nine (60%) panelists
advocated the back of the hand, and seven (47%) the volar aspect of
the forearm (Table VI). Eleven (73%) panelists reccommended both
right and left side to be tested, and most panelists judged the cut-off
level for abnormal skin extensibility to be >2 cm (ranging from >1
to >4 cm). Thirteen (87%) panelists found that atrophic, broad
scarring had importance for diagnosing EDS-HT, with consider-
able variation in level of importance. Among these panelists, seven
(54%) accepted a scar >5 mm as pathologic, six (46%) accepted one
location as sufficient to judge scarring as being abnormal. In order
to accept skin signs as a positive criterion sign for EDS-HT, seven

Panelists’ preferred test performance
With extended elbow
and pronated hand

With extended elbow
and supinated hand

8 (53)
With forearm and
wrist flat on the table

5th finger dorsiflexion 90°

2 (13)
With forearm unsupported
and wrist supported

5 (33)
With forearm and
wrist unsupported

8 (53)
With arm flexed at
the shoulder and
hand supinated

Elbow extension >10°

1 (?)
With arm abducted at
the shoulder and
hand supinated

6 (40)
With arm hanging down
and hand supinated

8 (53]
In standing position,
foot on the floor

Knee extension >10°

8 (53]

Note: Panelists were not asked about performance of Forward Bending.

3 (20)
In supine position
on the couch

4 (27)

? (47)
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Age inyears >1/9 >2/9  >3/9 >4/9 >5/9  >6/9
<13 — — — 1 (8) 2 (17) 9 (75)
13-19 — — - 2(17) (58) 3 (25)
20-50 — — 1(8) 6(50) 5 (42) —
>50 —  2(17) 5 (41) 3 (25) (17) —

(47%) panelists demanded at least two abnormal skin signs; ten
(67%) required abnormal skin extensibility to be present, and seven
(47%) that atrophic, broad scarring was present.

More than 50% of panelists recommended GJH (100%), skin signs
(71%), dislocation(s)/subluxation(s) (64%), and arthralgia (57%)
as major signs. Recommended as minor criterion signs were eye
signs (79%), gastrointestinal signs (79%), soft tissue rheumatism
(79%), dysautonomy signs (64%), varicose veins, etc. (57%) and
dental signs (57%). The presence of a minimum of two major signs
was mandatory according to eight (57%) panelists, three major signs
according to three (21%) panelists and four major signs according to
one panelist. Among those requiring a minimum of two major signs,
three panelists also recommended that these two major signs were
sufficient to fulfill the criteria set for EDS-HT. The remaining five
panelists suggested the presence of two to five minor signs.

Five panelists (33%) were of the opinion that EDS-HT and JHS
phenotypic represent two different disease entities.

Panelist r

Dermatologist 0.37
Geneticist 0.19
Pediatrician 0.58
Physical medicine 1 0.39
Physical medicine 2 0.03
Psychologist 0.23
Psychiatrist 0.24
Physiotherapist 1 0.61
Physiotherapist 2 0.57
Physiotherapist 3 0.68
Rheumatologist 1 0.26
Rheumatologist 2 0.49
Rheumatologist 3 0.60
Rheumatologist 4 0.26
Rheumatologist 5 0.57

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

Criterion EDS-HT JHS
Generalized joint hypermobility 9.0 (5-10) 9.0 (5-10)
as defined
Joint dislocations and/or 8.0(0-10) 3.0 (0-10)
subluxations
Skin signs 7.0 (1-10) 0.0 (0-8)
Increased extensibility 8.0 (1-10) 2
Atrophic broad scarring 7.0 (0-10) @
Striae distensae 6.0 (0-10) 2
Soft velvety skin 6.0 (1-10) 2
Reduced skin thickness 5.0 (0-8) @
Arthralgia 7.0 (0-10) 8.0 (0-10)
Soft tissue rheumatism 7.0 (0-10) 5.0 (0-10)
Dysautonomy signs 7.0 (0-10) 0.0 (0-10)
Physical dysfunction 7.0 (0-10) 0.0 (0-10)
Gastrointestinal tract sign 6.5 (0-9) 0.0 (0-8)
Varicose veins, hernias, 6.0 (0-10) 0.0 (0-10)
rectal/uterine prolapse
Vascular signs 0 (0-10) 0.0 (0-8)
Local anesthesia effect 0 (0-9) 0.0 (0-6)
Psychiatric disorder(s) 0 (0-10) 0.0 (0-10)
Dental signs 0 (0-10) 0.0 (0-6)
Eye signs 0 (0-10) 0.0 (0-8)
Marfanoid habitus 0 (1-10) 0.0 (0-10)
Gorlin sign 0 (1-10) 0.0 (0-10)

Results are given as “importance score,” median (range).
?Insufficient data (n=2).

The answers on importance score for items diagnosing JHS resulted
in Cronbach’s o 0f 0.44, and the panelist to group correlation varied
between —0.72 and 0.68. GJH and arthralgia were judged as the
most important signs in diagnosing JHS (Table IV), with soft tissue
rheumatism and dislocation(s)/subluxation(s) having less impor-
tance. Three panelists reccommended GJH to be a major criterion,

Time
3 or more  Missing
Number 1 time 2 times times values Total
1 joint 0 (0) 8 (62) 4 (31) 1 (8) 13 (100)
2 joints 6 (46) 5 (38) 1 (8) 1 (8) 13 (100)
3 or more joints 8 (62) 1 (8) 2 (15) 2 (15) 13 (100)

Results are given as number of panelists, n (%).
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Panelist no Pinching Volar forearm  Dorsal hand Chest
1 Cutis + subc >2cm?® +

2 Cutis + subc >2cm?® +

3 Cutis >3cm

4 Cutis >2cm

5 Cutis >3cm

6 Cutis >2cm

’ Cutis >4cm

8 Cutis + subc >2cm

9 Cutis >2cm

10 Cutis >2cm

11 b >2cm

12 Cutis >1cm

13 Cutis >2cm

14 Cutis 4 subc >1cm
15 Cutis >2cm?® +

“Level of abnormality clinically estimated at the forearm, and at other locations indicated by +.
®Level of abnormality measured by vacuum method.

but there was no agreement on the other clinical signs being major
or minor signs (data not shown).

Fifteen individuals (34%) out of the invited 41 took part as panelists
in the first round. Only seven of them (47%) responded in the
second round, and as a result, the planned Delphi process was not
continued. Further, Cronbach’s a for defining GJH, EDS-HT and
JHS was 0.61, 0.79, and 0.44, respectively. The panelist to group
correlation for the three clinical conditions, GJH, EDS-HT and JHS,
ranged from —0.46 to 0.89, 0.03 to 0.68, and —0.72 to 0.68,
respectively, indicating substantial heterogeneity among the pan-
elists. The 5-point and the 9-point Beighton scoring systems were
preferred by 2 or 13 panelists, respectively. Regardless of which
scoring system was used, there was a considerable variation in
opinion on how to perform the joint tests. The performance of other
clinical tests essential for the diagnostic decision process, such as
skin tests, also varied.

The Delphi method used for the study provides the opportunity
to obtain participants opinion through anonymously answered
questionnaires [Fink et al., 1984]. This method has a number of
benefits: Panelists do not meet in person; no constraints on either
size or composition of the panel; each panelist will have the same
impact on the outcome of the group. However, the method also has
some liabilities [Pill, 1971], for example, the IG can limit the scope
of the issue evaluated by the panelists and thereby influence the
consensus; as panelists never meet each other consensus can only be
derived from information provided by the IG.

The response rate of 34%, was low compared to other studies
[Graham et al., 2003; Dahmen et al., 2008; Dionne et al., 2008]. The
invited panelists had recently performed or organized scientific
studies in the hypermobility field and were expected to be familiar
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with and to have a genuine interest in solving the diagnostic
problem. The questionnaire contained 50 main items, which
were less than in other studies, namely 57 [Graham et al., 2003],
respectively 77 items [Dionne et al., 2008]. Only one panelist
complained about the method, commenting that it was difficult
to give correct answers. The questionnaire contained also detailed
questions about how to perform the clinical tests. It is possible that
the questionnaire was too extensive, being one reason for the low
response rate in the second round.

As described above the panelists came from a wide range of
geographic locations, mostly in Europe, but also from Chile and
USA, and covered all the medical specialties most commonly
involved in the care of JHS and EDS. Such a panel composition
ought to be optimal for the purposes of the study and with respect to
gain acceptance from an international community of the obtained
results [Fink et al., 1984]. However, this variation in panelists’
specialization and nationality, could also be a reason for the low
level of Cronbach’s a and the broad variation in panelist to group
correlation. Another reason could be the fact that Cronbach’s o
tends to be negatively influenced the lower the number of panelists
is. Eventually, the low agreement could be due to the variability in
the definitions of GJH and the overlap of criteria for BJHS and EDS-
HT [Remvig et al., 2011].

The participants’ different opinions about the performance of
the Beighton tests could be due to the rather simple original
description of the Beighton tests, that is, five photos with a short
legend [Beighton and Horan, 1970], giving rise to individual
interpretations of the approaches. Furthermore, it is worrying
that two maneuvers with high reproducibility, that is, the 1st finger
test (extended elbow and pronated hand) and the elbow test
(abducted arm and supinated hand) [Juul-Kristensen
et al., 2007], were less preferred. Also performance of tests for
skin extensibility varied considerably, possibly due to varying
descriptions of test performance and level for normal skin extensi-
bility, ranging from 1.0 to 1.5 cm, tested on the volar aspect of the
distal part of the forearm [Levy, 2004], to <4 cm at the volar aspect
of the forearm [Holzberg et al., 1988]. Broad, atrophic scarring or
papyraceous scarring is not one of the diagnostic criteria for EDS-
HT [Beighton et al., 1998], but surprisingly, as many as 13 panelists
recommended broad, atrophic scarring to have some importance
for diagnosing EDS-HT, and seven (47%) even required papyra-
ceous scarring in diagnosing EDS-HT. This could indicate confu-
sion due to the extensive questionnaire or in worst-case poor
knowledge of the criteria or lack of diagnostic expertise. In sum-
mary, both joint tests and skin tests are performed with varying
maneuvers and with varying interpretations, and approximately
50% of the panelists (Table I) have not yet implemented tests shown
to be reliable [Bulbena et al., 1992; Juul-Kristensen et al., 2007;
Farmer et al., 2010; Remvig et al., 2010].

A high level of Cronbach’s « indicates that the results of two
independently selected panels from the same population will have a
high correlation. Thus, a Cronbach’s a >0.90 is not only desirable
but also necessary when looking at items being part of syndrome
criteria, that is, the diagnostic process [Bland and Altman, 1997]. A
high level of Cronbach’s a is also in accordance with other
validated scales used in other clinical studies [Shrout and
Fleiss, 1979].
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CONCLUSION

The level of consensus for the importance of various items for
diagnosing GJH, EDS-HT and JHS, among an international panel
of clinicians with different education and different specialties, was
well below the required limit for clinical decision-making and
diagnosing. There was agreement on which tests to use, but
performance of the tests (i.e., the specific maneuvers) varied
considerably, and about 50% of the panelists still prefer maneuvers
with unknown reliability, although reliable maneuvers are avail-
able. Consensus on tests and criteria through a Delphi process could
not be obtained. There is an urgent need for better descriptions of
the performance and interpretation of clinical tests used for these
criteria sets, as well as more reliability studies on the various clinical
maneuvers, tests and criteria commonly used. Subsequent intensive
training and implementation of these tests and criteria, nationally as
well as internationally should be established.
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