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Abstract

Background: The assessment of generalized joint hypermobility is difficult due to differences in classification
methods and in the performance of joint mobility assessment. The primary aim was to evaluate the validity of the
self-reported five-part questionnaire, 5PQ, for identifying generalized joint hypermobility using the Beighton score
as reference test. The secondary aim was to describe how joint angles measured in degrees included in the
Beighton score varied in different cut-off levels in the self-reported 5PQ and the Beighton score.

Methods: A cross-sectional validity study with a total of 301 women in early pregnancy, mean age of 31 years,
were included in the study. The participants answered the self-reported 5PQ before the joint angles were
measured. To standardize the joint mobility measurement, a structural protocol was used. The sensitivity, specificity,
receiver operating characteristic curve, area under curve, positive- and negative predictive value, positive likelihood
ratio and Spearman’s rank correlation between the self-reported 5PQ 2 2 and the Beighton score =5 were used as
main outcome measures in the validity analyses. Joint angles, measured in degrees, were calculated with means in
relation to different cut-off levels.

Results: There was moderate correlation between the self-reported 5PQ and the Beighton score. The highest
combined sensitivity, 84.1%, as well as specificity, 61.9%, was on 5PQ cut-off level = 2, with a 38% false-positive rate,
a moderate area under curve, a low positive predictive value and likelihood ratio, and a high negative predictive
value. The odds of a self-reported 5PQ, cut-off level = 2, among women with generalized joint hypermobility,
Beighton 25, was low indicating a low post-test probability. The mean for all joint angles measured in degrees
increased with increased cut-off levels, both in the Beighton score and in the self-reported 5PQ. However, there
was a significant variation for each cut-off level.

Conclusions: There is uncertainty in identifying generalized joint hypermobility in young women using the self-

reported 5PQ with a cut-off level of 22 when the Beighton score 25 is used as the reference test. The strength of
the self-reported 5PQ is to rule-out women without generalized joint hypermobility.
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Background

Generalized joint hypermobility (GJH) is a collagen
phenotype that impacts the entire body and is the main
criterion for heritable connective tissue disorders [1-3].
The definition is the ability of a group of joints, usually
five or more, to move beyond their normal range of mo-
tion (ROM). GJH is part of the term joint hypermobility
(JH). JH can also be divided into localized Joint Hyper-
mobility (LJH) when JH exists at a single site, peripheral
joint hypermobility (PJH), when JH exist in hands or feet
or as historical joint hypermobility (HJH), the prior ex-
istence of JH in older adults who on clinical assessment
have lost their JH [4, 5].

GJH can be asymptomatic but when symptomatic the
clinical consequences are joint instability resulting in in-
creased frequency of joint dislocation, subluxations, soft
tissue overload, or injuries, defective neuromuscular
control with reduced proprioception and balance,
muscle weakness, prolonged and widespread musculo-
skeletal pain, pregnancy-related pelvic girdle pain, skin
disorders, impaired effects of local anaesthesia, stomach
disorders, and psychiatric disorders [2—4, 6—10]. There-
fore, assessment of GJH is urged in clinical practice [1].
Although there is currently insufficient evidence, the
clinical consequences might be relieved with a combin-
ation of physical therapy and pain management [11-13].

The prevalence of GJH in the general population is un-
certain and seems to vary greatly. GJH is more common
among women, in certain ethnic groups and decreases with
increasing age body mass and waist circumference. The
prevalence also depends on which assessment instruments
and cut-off levels are used [14—18]. In Sweden, the preva-
lence of GJH among adults, mixed gender, assessed with a
modification of the Beighton score with a cut-off value of
three out of five, has been estimated to about 10% [19].

To clinically assess GJH, several hypermobility instru-
ments have been developed using different sets of joints
and different cut-off levels [2, 16].

There is as yet no consensus on a gold standard for
assessing GJH. The Beighton score (BeS) is the most
recognised instrument [4, 20] and is used in assessing
GJH in hereditary connective tissue disorders, with a
cut-off level of 5/9 for adults [2]. The BeS consists of a
dichotomous assessment of five joint movements. The
BeS is reliable and valid, but with conflicting results in
studies due to differing methods and populations [16,
21-26]. A noted limitation of the BeS is the lack of as-
sessment of common clinical sites of hypermobility, such
as the cervical spine, shoulders, hips, and ankles [4].
However, for patients with a lower Beighton score, the
assessment of other joints not included in the Beighton
score is recommended [2], although the importance of
these joints in GJH assessment needs further investiga-
tion. The Hospital del Mar criteria is a less commonly
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used instrument that also includes ball-and-socket joints,
which might be beneficial in assessment of GJH [21].

To identify hypermobility, Hakim and Grahame con-
structed a self-reported instrument in the form of a five-
part questionnaire (5PQ) that includes five aspects of past
or present hypermobility [27]. The 5PQ correctly identi-
fied 84% of individuals with hypermobility with a cut-off
level of two positive answers to any of the five questions
with a sensitivity and specificity of 83 and 89%, respect-
ively, using the revised Brighton criteria 1998 for Benign
joint hypermobility syndrome, BJHS [28], as the reference
test [27]. Previous studies showed that the self-reported
5PQ, cut-off level 2/5, is a valid and a reliable instrument
to identify GJH, compared with the BeS with a cut-off
level of 4/9 or 5/9, however, with populations that differed
with respect to genders and ages [29, 30].

To identify, diagnose, and establish a rehabilitation
plan for patients, valid and reliable diagnostic clinical as-
sessment methods and criteria for classifying GJH are
essential [31]. However, a recent systematic review
stated that validity was insufficiently studied for the joint
hypermobility instruments currently used [16]. Since the
self-reported 5PQ and the BeS are the instruments pre-
dominantly used to identify GJH in clinical settings and
in research, it is important to know if they identify GJH
in a similar manner. A clinical examination of joints is
time-consuming and the self-reported 5PQ offers a more
practical way to identify GJH. It is also important to
evaluate which cut-off level to use for each instrument.

This study is part of a longitudinal study of women
during and after pregnancy, with the overall aim of in-
vestigating GJH and its relation to pregnancy-related
pain. Therefore, it would be of value to investigate if the
self-reported 5PQ for identifying GJH, could easily iden-
tify pregnant women with hypermobility.

The primary aim of this study was to evaluate the val-
idity of the self-reported five-part questionnaire for iden-
tifying GJH, using the Beighton score as a reference test.

The secondary aim was to describe how the joint an-
gles measured in degrees included in the Beighton score
varied in different cut-off levels of the self-reported five-
part questionnaire and the Beighton score.

Methods
Study design
This was a cross-sectional validity study.

The study is part of a longitudinal study of women
during and after pregnancy, with the overall aim of in-
vestigating GJH and its relation to pregnancy-related
pain.

Setting
Pregnant women in Sweden have the right to regularly
visit a maternal health care centre, free of charge. The
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centres are operated by the county councils, or are sub-
contracted by the councils. The centres are staffed by gen-
eral practitioners, midwives, and administrative personnel.

Study population

The majority of the 8029 women attending three maternal
health care centres, two in Uppsala (5312) and one in Bor-
lange (2717), between February 2014 and December 2018,
were invited to participate. Information about the study
was given by their midwife or via a letter sent home. The
women were consecutively recruited. A total of 339 preg-
nant women were included in the study (101 from Bor-
lange and 238 from Uppsala). All included women gave
written informed consent to participate in the study. The
inclusion criterion was duration of gestation less than 15
completed weeks and exclusion criteria were history of
joint inflammation, spasticity, joint replacement, musculo-
skeletal injury in joints relevant for the assessment during
the preceding 3 months, and not being fluent in the Swed-
ish language. The duration of gestation was calculated
after a midwife estimated date of birth.

Data collection

Data collection was performed before gestational week
15. The women completed a web-based questionnaire
covering age, completed weeks of gestation, BMI, marital
status, education, country of birth, previous pregnancies,
previous children and tobacco use. The women also
completed the 5PQ. The self-reported 5PQ encompasses
five aspects regarding past or present information on
joint hypermobility. The questions are “Can you now (or
could you ever) place your hands flat on the floor with-
out bending your knees?”, “Can you now (or could you
ever) bend your thumb to touch your forearm?”, “As a
child, did you amuse your friends by contorting your
body into strange shapes or could you do the splits?”,
“As a child or teenager, did you dislocate your shoulder
or kneecap on more than one occasion?” and “Do you
consider yourself double-jointed?”. Each positive re-
sponse adds 1 point, with a total score ranging from 0 to
5 [27]. In this study, all cut-off levels, 1-5, on the self-
reported 5PQ were included in the evaluation.

Clinical assessment

The BeS, used as the reference test [20], includes five as-
sessments of joint movements: passive dorsiflexion of
the fifth metacarpophalangeal joint =90 degrees, passive
apposition of the thumb to the flexor aspects of the fore-
arm, passive hyperextensions of the elbow and the knee
210 degrees, and forward flexion of the trunk with knees
straight, with the palms of the hands rested on the floor.
The first four are assessed bilaterally. A positive result in
any assessment adds 1 point, with a total score ranging
from 0 to 9. In this study, a cut-off level of >5 was used
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for identifying GJH according to the 2017 criteria to as-
sess GJH in hereditary connective tissue disorders, with
a cut-off level of 5/9 for adults [2]. All joint mobility
measurements were performed in accordance with a
structured protocol used in a previous study [32].

Three experienced physiotherapists and one experi-
enced general practitioner working in primary care
(termed raters from now on) performed all joint mobility
measurements. To standardise performance and ensure
similar assessments, the four raters trained un-blinded
on three occasions, for a total of 24 h, with 21 people.
The protocol, illustrated with photos, described start
position, position of goniometer, anatomic landmarks,
stabilisation of adjacent structures, and how to perform
the test using active or passive movement. Two different
goniometers (Medema Brodin, Kista, Sweden, 31 cm and
21 cm with a 180° protractor and movable arms) were
used. The shorter goniometer was used for measurement
of the fifth finger. Each joint angle was registered to the
nearest 1 degree.

All measurements for each participant were performed
on the same occasion. The participants filled out the
5PQ and provided their sociodemographic data, without
the presence of the rater, before measurement of joint
range of motion, ROM, was performed. The raters were
blinded to the answers in the self-reported 5PQ during
clinical examination.

The rater started each joint mobility assessment by pro-
viding the participant with verbal and visual instructions
about the test procedure. No warm-up session preceded
the test. To measure passive ROM, the rater moved the
joint to its end-range position without causing pain. To
measure active ROM, the participant moved the joint to
its end-range position and the rater asked the participant:
“Is this your maximum range of motion?”

Statistical analysis

Clinimetric properties and criterion validity (concurrent
validity) were used to evaluate the validity of the self-
reported 5PQ versus the BeS [33, 34]. The BeS is the
most commonly used and recognised test for assessing
GJH and was therefore used as the reference test [2, 4].
The validity of the self-reported 5PQ was tested versus a
cut-off level of >5 for the BeS.

Data from the clinical measurements were manually
entered into a web-based tool by the raters. The sociode-
mographic data and the self-reported 5PQ were entered
into the web-based tool by the participants. Descriptive
statistics were used for sociodemographic data. The nor-
mality of the distribution was investigated using graphs.

Spearman’s rho with 95% confidence intervals (CI) was
used for evaluation of the correlation between the self-
reported 5PQ and the BeS. The optimal combinations of
cut-off levels for the population studied, giving the
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highest combined sensitivity and specificity with 95%
confidence intervals (CI) of the self-reported 5PQ versus
the BeS, were determined [35, 36].

A receiver operating characteristic (ROC) curve was
created to illustrate the proportions of sensitivity and
specificity for the test at different cut-off levels, in order
to determine the most appropriate cut-off level for the
self-reported 5PQ for the studied population. The ROC
is based on cross-tabulation of categorical outcomes,
where all possible cut-offs were studied. The most ap-
propriate cut-off level was selected from the sensitivity
since the 5PQ is used to assess people with GJH and is
also used in research as exposure variable.

The area under the ROC curve (AUC) with 95% confi-
dence intervals (CI) was calculated. The highest possible
value of AUC is 1.0, and the higher the value, the better
a test is at discriminating between positive or negative
cases [36, 37].

To define the proportion of participants with a posi-
tive self-reported 5PQ who were correctly identified with
GJH, a positive predictive value (PPV) was used. To de-
fine the proportion of participants with a negative self-
reported 5PQ who were correctly identified without
GJH, a negative predictive value (NPV) was used. PPV
and NPV were calculated with 95% confidence intervals
(CI). A value of 100% is considered to be perfect. The
PPV and NPV depend on the GJH prevalence and were
therefore adjusted with an estimated GJH prevalence of
10% estimated from a previous study within the general
population in Sweden [19, 36, 38].

The positive likelihood ratio (LR+) was used, calcu-
lated with 95% confidence intervals (CI), to determine
how many times more likely a person with GJH was to
have a positive self-reported 5PQ than a person without
GJH. LR+ above 10 is considered strong evidence pre-
dicting the presence or absence of a diagnosis [36, 39].

Fagan’s nomogram was used to illustrate how much a
result from a diagnostic test changed the probability that
a person had the diagnosis [40]. The post-test probabil-
ity was calculated using an estimated GJH prevalence of
10% within the general population in Sweden as pre-test
probability.

All joint angles included in the BeS were measured in
degrees, with means calculated, and related to the differ-
ent cut-off levels for the self-reported 5PQ and the BeS.

All analyses were carried out using Stata/IC 15.1
(StataCorp LLC, Texas, USA) and R version 3.5.2.

Ethics

The study was approved by the Regional Ethical Review
Board, Box 2110, 750 02 Uppsala, Sweden, dnr 2013/
186. Department of Public Health and Caring Sciences,
Uppsala University, Uppsala, Sweden.
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Results

Table 1 shows sociodemographic data and the distribu-
tion of the BeS and 5PQ among included participants. A
total of 339 women fulfilled the sociodemographic data,
with a mean (SD) age of 31 (4.4) years. Of these, 86.1%
were born in Sweden.

Response analysis

Of the 339 participants, 306 completed the self-reported
5PQ, and 64.3% of these answered the self-reported 5PQ
before their clinical assessment. Three participants did
not fill out the questionnaire. One participant did not
answer question 1. Six participants answered, do not re-
member, on question 1, six participants answered, do
not remember, on question 2, eight participants an-
swered, do not remember, on question 3 and six partici-
pants answered, do not remember, on question 4. Three
participants answered only three out of five questions.

Table 1 Sociodemographic characteristic of 339 women in
early pregnancy

Variable Missing
Age, mean in years (SD) 31.0 (44)
Completed weeks of gestation, mean? (SD) 122 (22) 4
BMI, mean (SD) 247 (4.4) 6
Married/cohabiting (%) 94.4 4
Completed University education (%) 676 4

Place of birth (%)

- Sweden 86.1 6
No previous pregnancies (%) 378 3
No previous deliveries (%) 516 3
Non-smokers (%) 979 3
Beighton score 25 (%) 159 6
Self-reported 5PQ = 2 (%) 404 33
Clinical assessment after answering 5PQ (%) 643 2

SD Standard deviation

“Estimated after ultrasound

BMI Body mass index. The body-mass index is the weight in kilograms divided
by the square of the height in meters

5PQ Five-part questionnaire. Each positive response adds 1 point, with a total
score ranging from 0 to 5

1. Can you now (or could you ever) place your hands flat on the floor without
bending your knees?

2.Can you now (or could you ever) bend your thumb to touch your forearm?
3. As a child, did you amuse your friends by contorting your body into strange
shapes or could you do the splits?

4. As a child or teenager, did you dislocate your shoulder or kneecap on more
than one occasion?

5. Do you consider yourself double-jointed?

BeS Beighton. A positive result in any assessment adds 1 point, with a total
score ranging from 0 to 9

1. Passive dorsiflexion of the fifth metacarpophalangeal joint >90 degrees

2. Passive apposition of the thumb to the flexor aspects of the forearm

3. Passive hyperextensions of the elbow >10 degrees

4. Passive hyperextensions of the knee >10 degrees

5. Forward flexion of the trunk with knees straight, with the palms of the
hands rested on the floor
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These participants where therefore excluded from the
analysis.

Of the 339 participants, 333 were assessed using the
BeS. Two participants were not assessed. In one partici-
pant, the left and right elbow extensions were not
assessed, in another, the left thumb was not assessed
and in two participants the right thumb were not
assessed. A total of 301 participants were included in the
validity analyses.

In the self-reported 5PQ the most prevalent positive
responses was, “Can you now (or could you ever) place
your hands flat on the floor without bending your
knees?” (52.5%). The question with fewest positive re-
sponses was, “As a child or teenager, did you dislocate
your shoulder or kneecap on more than one occasion?”
(6.5%).

The frequency of each item in the BeS ranged from 11
to 32%, with the most common abilities being left thumb
apposition (32%) and palms to floor (29%).

Table 2 shows the cumulative frequency of total scores
for the self-reported 5PQ and the BeS. Among the 306
participants answering the 5PQ, 137 (40.4%) had scores
of >2 and 76 (22.4%) had scores of >3. Of the 333 partic-
ipants assessed by the BeS, 54 (15.9%) had scores of >5.

There was a positive correlation (r=0.62, p <0.001, CI
0.53-0.68) between the self-reported 5PQ and the
clinically assessed BeS.

Table 2 Cumulative frequency for 5PQ, N =306, and BeS, N =
333, in different cut-off levels

Frequency n (%)

5PQ
>0 306 (100)
>1 227 (67.0)
>2 137 (404)
>3 76 (22.4)
>4 32 (94)
>5 4012

BeS
20 333 (100)
21 282 (83.2)
=2 179 (52.8)
>3 138 (40.7)
24 81 (239
=5 54 (15.9)
26 36 (10.6)
27 21 (6.2)
=8 2 (0.6)
>9 103)

5PQ Five-part-questionnaire, BeS Beighton score
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After studying the ROC curve, the most appropriate
cut-off level for the 5PQ was found to be >2, with an
AUC of 0.73 (95% CI 0.67-0.79), Fig. 1.

Table 3 shows a cross tabulation result of index test,
5PQ =2, against reference standard, BeS >5. Table 4
shows the highest combined sensitivity, 84.1% (95% CI
69.9-93.4), and specificity, 61.9% (95% CI 55.6—67.8).
The false-positive rate was 38%. The PPV and NPV
ranged between 13.4 and 42.4% and between 90.3 and
99.2%, respectively. The LR+ increased by 2.2 when
using a cut-off level of >2 for the self-reported 5PQ,
which is illustrated with the Fagan’s nomogram in Fig. 2
showing a post-test probability of 19.6%.

Range of motion, measured in degrees, in joints in-
cluded in the BeS are shown in Tables 5 and 6, pre-
sented as means and ranges. The higher the scores on
the self-reported 5PQ and in the BeS, the higher the
joint ROM except for the thumb apposition, where the
joint ROM should decrease. The measured joint angles
varied in each cut-off level.

Discussion

There was a moderate correlation between the self-
reported 5PQ and the BeS. The highest values of sensi-
tivity, specificity and an acceptable area under curve
were observed on cut-off level > 2 in the 5PQ. The false-
positive rate was 38% with low positive predictive value
and high negative predictive value. The odds and the
post-test probability having generalized joint hypermo-
bility with a positive self-reported five-part question-
naire, using a cut-off level of 22, was low.

The mean for all joint angles measured in degrees in-
creased with increased cut-off levels, both in the BeS
and in the self-reported 5PQ with a significant variation
for each cut-off level.

GJH is a complex clinical condition, for which identifi-
cation requires a broad clinical assessment. Which joints
to include, specific cut-off levels for each included joint,
how the measurement of ROM in joints should be per-
formed, and what cut-off levels to use for GJH are all
points of an ongoing discussion [15, 16]. In diagnostic
accuracy studies, the presence or absence of the condi-
tion is ideally determined using a “gold standard” assess-
ment method [41]. There is no gold standard for
assessing GJH; therefore, the use of criterion validity and
the BeS as a reference test could be discussed. However,
the BeS is the instrument most used and since 2017
there has been consensus in assessing GJH in hereditary
connective tissue disorders with the BeS. To assess GJH
in clinical and research settings, the BeS was therefore
considered to be a reasonable “gold standard” [2].

Depending on which statistical method was used in
the present study, the usability of the self-reported 5PQ
differed. Using sensitivity and specificity, the ideal
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situation is that both are high, to maximise the discrim-
inative ability. However, there is a certain trade-off be-
tween them. This is related to the severity of the
diagnosis, whether the test should detect or exclude a
disease, and the costs and suffering for the patient if
misdiagnosed [42]. A cut-off level of >2 for the self-
reported 5PQ had the highest combined sensitivity, spe-
cificity, and AUC when compared with the BeS cut-off
level of >5. This is, in agreement with previous studies
[29, 30] using a cut-off level of >4 and > 5 respectively
for the BeS. Although a cut-off level of >2 for the self-
reported 5PQ demonstrated the highest combined sensi-
tivity and specificity in this study, an associated risk of
including a high rate of false positives cannot be elimi-
nated. Furthermore, the sensitivity and specificity say
nothing about the probability of presence or absence of
GJH, only the test result is known [35, 36]. In clinical
practice, it is important to know if a test result predicts
the risk of having a diagnosis. Therefore, the assessment

Table 3 Cross tabulation of the 5PQ > 2 and the BeS > 5,
prevalence adjusted with 10%

Positive BeS 2 5 Negative BeS <5 Total
Positive 5PQ > 2 37 98 135
Negative 5PQ < 2 7 159 166
Total 44 257 301

5PQ Five-part-questionnaire, BeS Beighton score

of predictive value and LR+ was used [36, 38]. The LR+,
illustrated with the Fagan’s nomogram estimates, is
rarely used in studies evaluating diagnostic tests [43].

The prevalence affects the PPV and NPV and our re-
sults are only useful for studies with the same popula-
tion and prevalence [38]. There are no new, large
population studies in Sweden, so the estimated GJH
prevalence of 10% that was used here was based on a
study from 1993 [19]. The prevalence of GJH depends
on gender, age, ethnicity, how the test is performed, as
well as the cut-off values used, which will differ between
studies. The PPV decreases and the NPV increases if the
prevalence is low [36, 38]. However, when calculating
the PPV and the NPV, different prevalence values were
tested (15 and 20%) and neither the PPV nor the NPV
changed significantly.

Ideally, a high sensitivity is required for a test assessing
people with GJH, or if used as an exposure variable in
research, however, including a low false-positive rate and
a high positive predictive value.

Possible advantages of the self-reported 5PQ are that
it increases the ability to identify individuals with joint
hypermobility, it is easy to use, it does not rely entirely
on specific joints, and the questions take into account a
possible history of joint hypermobility [27]. However, it
is important to distinguish between identifying joint hy-
permobility using a questionnaire and assessing it clinic-
ally with regard to the degree of joint mobility and
pathology in multiple joints. A more thorough
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Table 4 Diagnostic accuracy, 5PQ compared with the BeS cut-off 25. Prevalence adjusted with 10%
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5PQ Sensitivity % (Cl) Specificity % (Cl) AUC (C)) PPV % (Cl) NPV % (Cl) LR+ (CI)

>1 97.7 (88.0-99.9) 29.6 (24.1-35.6) 0.64 (0.60-0.67) 134 (12.3-144) 99.2 (94.4-99.9) 14 (13-15)
>2 84.1 (69.9-934) 61.9 (55.6-67.8) 0.73 (067-0.79) 19.7 (16.7-23.1) 97.2 (94.6-98.6) 22 (1.8-27)
>3 614 (45.5-75.6) 81.7 (76.4-86.2) 0.72 (0.64-0.79) 27.2 (20.8-34.6) 95.0 (92.9-96.5) 34 (24-48)
>4 386 (24.4-54.5) 94.2 (90.6-96.7) 0.66 (0.59-0.74) 424 (284-57.7) 93.2 (91.6-94.6) 6.6 (34-123)
>5 4.5 (0.6-15.5) 99.2 (97.2-99.9) 0.52 (049-0.55) 394 (86-81.8) 90.3 (89.8-90.9) 5.8 (0.8-404)

5PQ Five-part-questionnaire, BeS Beighton score, C/ Confidence interval, AUC Area under curve, PPV Positive predictive value, NPV Negative predictive value, LR+

Positive Likelihood ratio

assessment of joint hypermobility is suggested to identify
which type of JH, e.g. GJH and to set up a rehabilitation
and treatment plan [4, 12]. The assessment of the pres-
ence and degree of joint hypermobility should not be
arbitrary.

In this study, the highest positive response rate to a
single question in the self-reported 5PQ was to question
1, “Can you now (or could you ever) place your hands
flat on the floor without bending your knees?”, which
was in accordance with the study by Moraes et al. [29].
In the current study, the difference was 20% when the
answers to question 1 were compared in the self-
reported 5PQ with the clinical assessment of forward
flexion of the trunk with knees straight and the palms of

the hands rested on the floor. In this study the preva-
lence of GJH in the self-reported 5PQ was 40.4% with a
cut-off level of 22, and 22.4% with a cut-off level of >3.
Compared with the BeS cut-off level of 25, the preva-
lence of GJH in this study was 15.9%. In a recent study
[30] using a cut-off level >2 on the self-reported 5PQ
and 25 for the BeS in females with the same age as in
the present study the prevalence of GJH was 38.2 and
11.8% respectively, which is in accordance with our
study. Compared with the study by Moraes et al. [29]
having included mixed genders and ages, the prevalence
rates based on the self-reported 5PQ, with cut-off levels
of >2 and 3, were 37 and 9.9% respectively [29]. In the
study by McKay et al. [18] age, sex, and waist

Fig. 2 Fagan’s nomogram
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Table 5 Joint mobility in degrees of the five-part questionnaire, cut-off 0-5, presented as mean and range
Joints Five-part questionnaire cut-off levels

0(n =79 1 (n=90) 2 (n=61) 3 (n=44) 4 (n=28) 5(=4)
Fifth finger extension left 72 (47-98) 73 (20-97) 74 (35-99) 77 (45-95) 86 (70-115) 88 (78-92)
Fifth finger extension right 66 (39-106) 66 (20-95) 69 (30-102) 71 (45-95) 81 (60-97) 83 (69-92)
Thumb apposition left 36 (15-85) 28 (5-71) 26 (2-54) 22 (5-46) 13 (3-33) 4 (5-23)
Thumb apposition right 36 (12-80) 30 (5-66) 28 (3-53) 24 (5-55) 15 (0-35) 18 (15-22)
Elbow extension left 4 (0-12) 5 (0-20) 7 (0-17) 8 (0-20) 9 (1-27) 8 (0-14)
Elbow extension right 4(0-13) 5(0-15) 7 (0-18) 7(0-17) 8 (1-15) 6 (2-9)
Knee extension left 3 (0-15) 4 (0-14) 4 (0-14) 6 (0-20) 8 (0-17) 10 (5-15)
Knee extension right 3 (0-19) 4 (0-13) 4 (0-15) 6 (0-25) 7 (0-14) 8 (3-14)

n Number of participants

circumference in adults, were found to be the strongest
predictors for joint flexibility. We are of the opinion that by
including only women in fertile age, mainly born in Sweden
and having normal weight, might not have affected the dif-
ference in prevalence found in this study. Differences be-
tween answering the 5PQ as opposed to a clinical joint
assessment could be that some people had been able to do
the test historically, while responding to a questionnaire
often results in an overestimation of an individual’s ability.
Alternatively, participants might also not have known how
to perform the test properly. Finally, the ROM assessed in a
questionnaire is subjectively estimated and is not always
passively assessed when self-performed. Passive perform-
ance of ROM is needed to achieve an end feel, and the adja-
cent joint should be stabilised. All these aforementioned
factors could have affected the prevalence of GJH. Maybe
the cut-off value of >2 for the self-reported 5PQ, may have
been to low for this group and should have been adjusted
to at least >3. In addition, we did not differentiate between
asymptomatic and symptomatic GJH in this study which
also could have influenced the prevalence.

As this study is part of a longitudinal study of women
during and 9 months after pregnancy, with the overall

aim of investigating joint mobility and its relation to
pain during pregnancy, the result is representative only
for young women. The ROM in joints was measured in
early pregnancy. Previous studies, using various method-
ologies, show no clear evidence that joint mobility in-
creases in early pregnancy [44, 45].

Our ambition was that the clinical assessments would
take place after the participants had answered the self-
reported 5PQ. This was the case for 64.3% of partici-
pants. However, the raters were blinded to the answers
when performing the clinical assessments.

The mean angle for all specific joints increased with
increased cut-off levels, both in the BeS and in the self-
reported 5PQ, which is in accordance with another study
[24]. However, the joint angles measured in degrees var-
ied significantly in the different cut-off levels. Because of
this variation, there is possibly a need to further study
age-and sex specific cut-offs for the specific joint angles
measured in degrees that differentiate those with and
without GJH. Perhaps those classified as having GJH
should be at the extreme, the uppermost 5%, of joint
mobility for their population as suggested in the study
by Singh et al. [17]. This study confirmed the current

Table 6 Joint mobility in degrees of the Beighton score, cut-off 0-9, presented as mean and range

Joints The Beighton score cut-off levels
0O(m=51) 1(M=103) 2(n=41) 3(n=57) 4Mn=27) 5@n=18) 6 (n=15) 7 (n=19 8(=1) 9Mm=1)

Fifth finger extension left 69 (47-85) 68 (30-91) 76 (37-95) 75 (40-99) 82 (50-93) 86 (57-103) 88 (56-98) 91 (72-115) 90 (90) 97 (97)
Fifth finger extension right 4 (40-85) 62 (27-87) 71 (35-95) 71 (42-95) 77 (40-92) 81 (48-112) 85 (64-106) 85 (67-95) 80 (80) 97 (97)
Thumb apposition left 6 (15-85) 36 (13-71) 28 (2-57) 21 (5-50) 4 (3-45) 14 (5-30) 12 (3-22) 3 (5-28) 10 (100 9209
Thumb apposition right 8 (14-80) 37 (15-67) 30 (5-50) 22 (5-50) 15(0-39) 15(0-30) 17 (3-45) 2(5-21)  10(10) 6 (6)
Elbow extension left 3(0-8) 4(0-12) 6 (0-16) 7 (0-20) 8 (0-20) 9 (0-15) 12 (4-19) 3(5-27) 13(13) 11071
Elbow extension right 3(0-9 3 (0-10) 6 (0-15) 7 (0-16) 7 (0-16) 8 (0-15) 11 (3-17) 2 (5-18) 14014 12012
Knee extension left 2 (0-8) 3 (0-10) 4(0-11)  5(0-200 5(0-13) 8(0-18) 9 (0-15) 0(0-17) 13(13) 12(12)
Knee extension right 2 (0-7) 3 (0-10) 4 (0-11) 5 (0-25) 5(0-14) 7 (0-15) 8 (0-19) 9 (0-14) 14 (14) 10 (10)

n Number of participants
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cut-off level of >5 in the BeS, for young women, al-
though a different joint measurement methodology was
used. A further conclusion, in the study by Singh et al.
was that when using the BeS when assessing GJH, age-
and sex-specific BeS cut-off levels based on the upper-
most 5% should be used.

There are several limitations in this study. The first is
the use of the BeS as the reference test. However, this
study is done pending further research on the assess-
ment of GJH. Another limitation in the study could be
the estimated prevalence of GJH in the population stud-
ied, as mentioned above. Diagnostic accuracy should be
tested on a population including those with both mild
and severe abnormality in regard to what the instrument
is supposed to measure, in this case GJH [36]. In the
studied population, 10.6% had scores of >4 for the self-
reported 5PQ and 7.1% had scores of >7 for the BeS.
This might be too low a prevalence of severe GJH, which
may have affected the result.

Another limitation of this study was that the Swedish
translation of the self-reported 5PQ was not scientifically
validated as were performed in the studies by Moraes
et al. and Glans et al. [29, 30]. In this study the 5PQ was
translated by a native English-speaking physician, who is
also fluent in the Swedish language and familiar with the
terminology. The translation was discussed until a con-
sensual version was achieved together with the co-
workers of the project. However, after the clinical assess-
ments were completed, it emerged that there was some
uncertainty in relation to question 2: “Can you now (or
could you ever) bend your thumb to touch your fore-
arm?” Some participants answered the question nega-
tively, even though they had a positive clinical test,
implicating a lack of understanding on how to perform
the test. This is in line with the results in the studies by
Moraes et al. and Glans et al. [29, 30]. To promote un-
derstanding, the question should be rewritten or illus-
trated, as in the study by Moraes et al. [29]. Additionally,
in this study, as well as in the studies by Moraes et al.
and Glans et al. [29, 30] there was also difficulty
when translating the word “double-jointed” in the last
question in the questionnaire. In this study, the Swed-
ish word for “agile” was used while Moraes et al
[29], used the Brazilian Portuguese word for “flexible”
and Glans et al. [30] used the Swedish word for “to
have joint hypermobility” in their studies. Overall, our
translation did not differ significantly compared with
the version of Glans et al.,, and we believe that it did
not affect the prevalence of GJH.

Both previous studies did a test-retest as a first phase
in their studies, showing moderate to almost perfect reli-
ability for each item on the 5PQ [29, 30]. This study did
not include a test-retest investigation of the 5PQ, which
is a limitation since high validity requires high reliability.
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The strengths of the study include the use of PPV, NPV,
and LR+ to describe the clinical usability of the test. Also,
including only young women could be a strength in stud-
ies of GJH, as GJH is more prevalent in this group. An-
other strength of this study was that the measurement of
ROM in joints was performed in accordance with a struc-
tured protocol and by experienced raters. The same proto-
col was used in a previous reliability study of the BeS, the
Hospital del Mar criteria, and the Contompasis score,
which showed good inter- and intra-rater reliability [32].
The validity of a clinical measurement instrument is
dependent not only on its validity, but also on the data
quality [34]. This depends for example on the experience
of the rater and the amount of attention paid by the par-
ticipant in answering the questionnaire [34]. Although,
since 2017 there has been a consensus about assessing
GJH in hereditary connective tissue disorders with the
BeS [2, 26], it has been performed in many different ways
in different studies. How joint ROM is measured is not al-
ways clearly described, which hampers comparison of re-
sults with other studies and with clinical assessments.
However, there is still a need for further discussion about
the use of measuring instruments such as goniometers
and whether adjacent joints should be stabilized.

GJH should always be considered in the differential
diagnosis for patients with widespread pain and soft tis-
sue lesions. It should be easy to screen for joint hyper-
mobility, but the assessment of the degree of joint
hypermobility is probably more complex. Until now,
clinimetric research has been about assessing joint ROM
and angular mobility. The current assessment methods
might not be sufficient for determining the severity of
joint hypermobility. Further research should also include
the assessment of joint instability and joint translation,
especially joint gliding in the transverse-or sagital plane,
both in the spine and the extremity joints. There is
maybe also a need to evaluate if other joints than those
included in the BeS should be included in the assess-
ment of GJH. However, a single error-free gold standard
is probably not the way to establish presence or absence
of GJH.

Conclusions

There is uncertainty in identifying generalized joint hy-
permobility in young women using the self-reported
five-part questionnaire with cut-off level >2 using the
Beighton score cut-off level =5 as the reference test.
The strength of the self-reported five-part questionnaire
is that it rules-out women without generalized joint
hypermobility.

The mean for all joint angles measured in degrees in-
creased with increased cut-off levels, both in the BeS
and in the self-reported 5PQ. There was, however, a
significant variation for each cut-off level.
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