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Abstract

Introduction Adolescent idiopathic scoliosis (AIS) affects 1-3% of the population, but its pathogenesis remains unclear. The
coexistence of musculoskeletal hypermobility and scoliosis in many inherited syndromes raises the possibility that isolated
musculoskeletal hypermobility may contribute to AIS development or progression.

Methods We performed a systematic review of the evidence for a relationship between isolated musculoskeletal hypermobil-
ity and AIS. A meta-analysis was planned, but if not possible, a narrative evidence synthesis was planned.

Results Nineteen studies met eligibility criteria for inclusion. One study was excluded due to insufficient quality. Substan-
tial heterogeneity in study design and methodology negated meta-analysis, so a narrative review was performed. Of the 18
studies included, seven suggested a positive association and eight found no association. Three reported the prevalence of
musculoskeletal hypermobility in individuals with AIS. Overall, there was no convincing population-based evidence for an
association between musculoskeletal hypermobility and AIS, with only two case—control studies by the same authors pre-
senting compelling evidence for an association. Although populations at extremes of hypermobility had a high prevalence
of spinal curvature, these studies were at high risk of confounding. Wide variation in methods of measuring musculoskeletal
hypermobility and the challenge of assessing AIS in population-based studies hinder study comparison.

Conclusions There is a paucity of high-quality evidence examining the association between isolated musculoskeletal hyper-
mobility and AIS. Large-scale prospective studies with adequate adjustment for potential confounding factors could clarify
the relationship between musculoskeletal hypermobility and AIS to elucidate its role in the pathogenesis of AIS.

Keywords Musculoskeletal hypermobility - Adolescent idiopathic scoliosis - Systematic review

Introduction delayed puberty and late menarche in females, and low BMI

have been shown to contribute [5—7]. The gold standard for

Scoliosis is a lateral and rotational deformity of the spine.
The most common type is adolescent idiopathic scoliosis
(AIS), which presents after age 10 and has a prevalence
between 1 and 3% [1]. Even small curves are associated with
back pain both in adolescence and later life [2], and scoliosis
can have considerable psychosocial impacts, particularly on
body image [3]. At extremes, scoliosis can affect respiratory
function [4], and severe and progressive AIS can require
extensive surgery.

The pathogenesis of AIS remains unclear, but is most
likely to be multifactorial. Factors including greater height,
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diagnosis of AIS is via antero-posterior radiography, with a
measurement of the Cobb angle of the scoliotic curve over
10° diagnostic of AIS [8]. Screening methods include the
Adam’s forward bend test (FBT), with scoliometer meas-
urement of the angle of trunk rotation (ATR) increasing
sensitivity and specificity, and back surface topography,
which uses contours visible on digital images to detect spi-
nal deformity.

Musculoskeletal hypermobility is common, with a wide
variation in prevalence, reported between 7% and 59% in
adolescents [9-11]. It is more common in females and gener-
ally reduces with age [12]. It exists on a spectrum, ranging
from asymptomatic hypermobility through to hypermobil-
ity spectrum disorder, with associated symptoms including
joint clicking and musculoskeletal pain [13]. The most com-
monly used measure of hypermobility is the Beighton score,
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which assesses the mobility of nine joints [14]. Tradition-
ally, a score of >4/9 hypermobile joints signifies generalised
musculoskeletal hypermobility, although this cut-off may
over-represent clinically important musculoskeletal hyper-
mobility [15].

Both musculoskeletal hypermobility and scoliosis are fea-
tures of inherited syndromes including Marfan’s syndrome,
osteogenesis imperfecta and certain types of Ehlers-Danlos
syndrome, with recognised mutations in genes encoding
connective tissues [16, 17]. This observation could point
towards an underlying aetiological pathway between mus-
culoskeletal hypermobility and idiopathic scoliosis, with
excessive bending and rotation of the growing spine con-
tributing to the pathogenesis of AIS.

Delineating the underlying multifactorial pathogenesis of
AIS could pave the way to identification of those at risk of
both initiation and progression, to guide which individu-
als need closer monitoring. Given the observation of co-
existence of musculoskeletal hypermobility and scoliosis in
inherited syndromes, we aimed to systematically review the
literature for a relationship between isolated musculoskeletal
hypermobility and AIS.

Method
Study selection

The search strategy was constructed to identify studies
investigating the relationship between isolated musculoskel-
etal hypermobility (not as part of an inherited syndrome)
and AIS. This was applied to the databases MEDLINE,
EMBASE, CINAHL, AHMED and Psychlnfo, from incep-
tion to September 2021. Forward and backward searches
(Google Scholar cited reference search and screening refer-
ence lists) were performed on eligible studies.

Search terms for musculoskeletal hypermobility used the
corresponding subject heading for each database, and the
text words hypermob* or laxity or flexibil* or GJH or GJL or
JHS or HSD or "hypermobile Ehlers-Danlos syndrome" or
hEDS or EDS-HT or "Ehlers-Danlos type III" or "EDS type
IIT" or "Ehlers-Danlos syndrome type 3" or "EDS type 3".
Hypermobile Ehlers-Danlos syndrome was included due to
its close clinical overlap with hypermobility spectrum disor-
der and the absence of a known specific genetic association,
making it arguably part of the spectrum of musculoskeletal
hypermobility [13]. Search terms for AIS used ‘scoliosis’ as
subject heading and text word.

Studies were eligible for inclusion if they assessed the
relationship between musculoskeletal hypermobility using
any clinical measure of generalised hypermobility, and AIS
measured via X-ray or screening methods. Studies assess-
ing musculoskeletal hypermobility or scoliosis as part of
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an inherited syndrome were excluded. Studies assessing
the mobility of a single area of the musculoskeletal system
were excluded, as this may only represent localised muscu-
loskeletal hypermobility, and there is often poor correlation
between hypermobility in a single area and a diagnosis on
the spectrum of generalised musculoskeletal hypermobility
[18, 19]. Case reports, case series and conference abstracts
were excluded. There was no limit on year of publication
or language. The review was registered on PROSPERO on
12/8/21, registration number CRD42021206072.

Records retrieved were screened by title and abstract by
CS using Endnote. Full-text articles identified were screened
independently by CS and EC based on eligibility criteria.
Any discrepancies were resolved through discussion. Char-
acteristics of eligible studies were collected using a stand-
ardised Excel spreadsheet (study year, population, sample
size, methods of diagnosis of musculoskeletal hypermobility
and AIS, curve types, Cobb angles and outcome).

Analysis

Eligible studies were assessed for quality using the New-
castle—Ottawa Scale (NOS) [20] by CS, with uncertainties
resolved through discussion with EC. Based on standard
classifications of this scale, studies were classified as at high
risk of bias if the score was < 5. Those with a score of <3
were excluded from further analysis. Studies were then
assessed for heterogeneity in study design and methods of
identification and measurement of hypermobility and AIS, to
determine whether meta-analysis was possible. Otherwise,
a narrative evidence synthesis was planned. Weighting of
studies within any narrative synthesis was performed based
on the hierarchy of evidence (study design) and NOS score.

Results

The PRISMA diagram in Fig. 1 shows articles retrieved and
screened.

Nineteen studies fulfilled the eligibility criteria (see
Table 1); 26 were excluded after full-text review because
they either did not include extractable data on hypermo-
bility or AIS, were outside the age range, were conference
abstracts or non-relevant reviews or did not examine the
association between hypermobility and AIS.

Of the fifteen studies which used a control comparator, or
directly correlated musculoskeletal hypermobility and AIS,
seven suggested a positive association [21-27], and eight
found no association [28-32], or trends towards a negative
association [19, 33, 34].

Of the three studies which reported the prevalence of
hypermobility individuals with AIS, one found a high
prevalence [35], and two found a prevalence within the
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Fig. 1 PRISMA diagram for selection of eligible studies

reported range for that geographical area [36, 37]. One
low-quality study reported the prevalence of scoliosis in a
group with joint hypermobility syndrome [38].

Assessment of quality

NOS scores are presented in Table 2. Scores ranged from
two to seven, with nine out of the 19 studies scoring <5
and therefore at high risk of bias. A common aspect which
could introduce bias was a lack of adjustment for factors
which are recognised as associated with both musculoskel-
etal hypermobility and AIS, including age, height, BMI
and pubertal stage. Only five studies attempted some par-
ticipant matching or adjustment for confounders [30, 32,
34, 36, 37]. In the case—control studies, only three out of
nine attempted to exclude AIS in controls [21, 22, 33].

The study scoring lowest on the NOS (2%) was a
descriptive study, characterising features of a cohort with
joint hypermobility syndrome referred to a tertiary centre
in London, UK [38]. The method for determining scoliosis
was not defined, and this was a highly selected population.
No further evaluation of this study was undertaken, leav-
ing 18 studies.

Assessment of heterogeneity

To assess appropriateness of undertaking meta-analysis, a
comprehensive review of study design and methods of iden-
tification and measurement of hypermobility and AIS was
undertaken.

Study design

Of the 18 studies assessed, nine were case—control [19,
21-23, 27, 28, 33, 34, 37], seven were cross-sectional (five
of which were conducted in the general population [25, 26,
29-31], and two in dancers and rhythmic gymnasts [24, 32])
and two were cohort studies in individuals with AIS [35, 36].

The studies comprised a total of 17,156 individuals;
15,559 were recruited from the general population (mainly
represented by one cross-sectional study of 11,820 individu-
als [26]), 1,305 were recruited from hospital-based clinics,
and 292 individuals were from highly selected populations
of dancers and rhythmic gymnasts.

Diagnosis of AIS

The cohort studies in AIS patients [35, 36] and all of the
case—control studies used X-ray to define cases, but only
three case—control studies attempted to exclude AIS in con-
trols, using X-rays done for other medical reasons [33], or
ATR measurement [21, 22].

Of the cross-sectional studies, three used FBT with ATR
measurement followed by X-ray if deemed positive [23, 25,
31], three studies used FBT with ATR measurement [26,
32], and one study used visual assessment only (FBT and
Magee’s skyline view assessing visible humps or asymme-
try) [24]. One cross-sectional study performed spinal X-rays
on all participants, raising ethical questions [29].

Diagnosis of musculoskeletal hypermobility

There was wide variation in measures used to diagnose mus-
culoskeletal hypermobility.

Twelve studies used the Beighton score [21, 22, 24, 25,
29-32, 35-37]. Five used the traditional cut-off score of 4/9
[21, 30-32, 36], and five used a cut-off of 5/9 [22, 24, 29,
35, 37]. The rationale for using a higher cut-off was justified
only by Czaprowski et al. [22] as the sample was comprised
of females, who have higher rates of hypermobility. Erkula
et al. used a cut-off of 7, but attributed a score of 2 for trunk
forward flexion, making the total possible score 10 [25].
Pratelli et al. compared mean Beighton scores rather than
applying a cut-off [26].

The remaining studies assessed the mobilities of joints
similar to the Beighton score, including Carter and Wilkin-
son criteria [23, 28], on which the Beighton score was
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Table 2 Newcastle-Ottawa Scores for eligible studies

Selection Comparability Outcome Total

Weber [28] * ook 4%
Mattson [19] Hk ook 5%
Veldhuizen [33] * ek 4%
Fuller[34] * * ek 5
Fernandez-Bermejo Hokok * ook 7%
(371
Tanchev [23} Hok ok 5%
Adib [38] ok 2%
Erkula [25] wE ok 4%
Czaprowski [21] Hok wokk 5%
Hasankhani [35] * ok 3
Kobesova [27] * sokok 4%
Czaprowski [22] ok k ok 7%
Longworth [32] * * ook 5%
Farro-Uceda [29] Hk ok 4%
Dolphens [30] L * o 6%
Haller [36] Hk * *% 5%
Bozkurt [31] ok Hk 4%
Pratelli [26] Kook R 5%
Steinberg [24] * sk 3

based [39]. Four studies compared a variety of individual
tests rather than defining individuals as hypermobile (see
Table 1) [19, 27, 33, 34], which may reflect only localised
musculoskeletal hypermobility, particularly as two studies
found poor correlation between tests within the same indi-
vidual [19, 33].

Meta-analysis

Due to substantial heterogeneity in study design and meth-
ods for identification and measurement of hypermobility and
scoliosis, it was not possible to undertake a meta-analysis.
Therefore, a narrative synthesis was performed.

Narrative synthesis
Case—control studies

Two high-quality case—control studies found a positive asso-
ciation between musculoskeletal hypermobility and AIS [21,
22], five lower-quality case—control studies found no asso-
ciation [19, 28, 33, 34], and one reported the prevalence of
hypermobility as in the reported range for the area among
individuals with AIS [10, 37, 40].

The highest quality case—control study was performed
by Czaprowski et al., who conducted two similar studies. In
the first, they found a higher prevalence of musculoskeletal

@ Springer

hypermobility in male and female AIS patients compared
to controls (51.4% vs 19.0%, p=0.00015) [21]. The sec-
ond study was larger, and only included females [22]. Using
a higher cut-off for hypermobility (Beighton score > 5/9),
justified by its greater prevalence in females, they also
found higher prevalence of hypermobility in AIS patients
compared to controls (23.2% vs 13.4%, p=0.02). Neither
study found significant correlation between hypermobility
and severity of AIS. The strengths of these studies were
confirming similar baseline characteristics in cases and
controls, robust inclusion and exclusion criteria, and a
reasonable attempt to exclude AIS in controls using ATR
measurements.

Four case—control studies, two of which were small
(n=20[33] and n=22 [27]), compared a variety of individ-
ual tests for musculoskeletal hypermobility, and in general
found no differences in hypermobility between those with
AIS and controls [19, 27, 33, 34]. Weber found no differ-
ence between groups using a total hypermobility score [28].
However, the low threshold is used to define musculoskeletal
hypermobility (> 3/14 positive tests), and the inclusion of so
many tests impacts the study quality.

Cross-sectional studies carried out in the general
population

Of five cross-sectional studies carried out in schoolchildren,
three found no association [29-31], and two found a posi-
tive association between musculoskeletal hypermobility and
AlIS [25, 26].

The highest quality cross-sectional study found no asso-
ciation between musculoskeletal hypermobility and sus-
pected early spinal curves (measured using back surface
topography) with adjustment for posture and BMI (in males
OR 0.68 (95% C1 0.3-1.32, p=0.255), in females OR 0.89
(95% C10.50-1.57, p=0.442)) [30]. The study was designed
to sample children just prior to the pubertal growth spurt,
a high-risk period for AIS development [41]. Those with
known or clearly visible scoliosis were excluded, so we can
only conclude that hypermobility was not associated with
early small spinal curves in this population.

In contrast, two studies pointed towards a positive asso-
ciation. A large Italian study (n=11,820) found 2.03%
of adolescents had clinical scoliosis (ATR >5° or hump
size >5 mm) [26]. This group had a higher mean Beig-
hton score compared to those without any clinical spinal
curvature (2.41/9 vs 1.96/9). However, these scores are too
low to represent generalised musculoskeletal hypermo-
bility, and individuals with inherited syndromes were not
excluded, which could have artificially inflated Beighton
scores in those with spinal curvature. A Turkish study also
found higher Beighton scores in those with radiologically
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diagnosed AIS, and hypermobile individuals (defined as
Beighton score > 7/10) had slightly higher ATR measure-
ments (mean 2.31° vs 1.29°, p=0.039) [25].

Two studies smaller studies (n =822 and n=247), both
with relatively high prevalence of radiologically diagnosed
AIS, (5.2% and 17.8%) found no association with musculo-
skeletal hypermobility [29, 31].

Cohort studies in individuals with AIS

Of the two cohort studies in AIS patients, one found a high
prevalence of hypermobility (66.6%) [35], and the other
found a prevalence within the reported range for the area
(25%) [36]. These populations were predominantly female
operated patients, with more severe curves. One study found
that despite similar curve severity, hypermobile individuals
had better surgical outcomes in terms of percentage curve
correction [35]. The second larger study (n=570) found
higher Beighton scores were weakly associated with lower
Cobb angle (milder curves), which was attenuated but
remained after adjustment for age. Being hypermobile did
not predict the need for surgical intervention, although lack
of trunk hypermobility conferred a 2.5 X increased risk of
surgery [36].

Studies in highly selected populations

Three studies were performed in adolescent female rhyth-
mic gymnasts and dancers [23, 24, 32], populations with
observed high rates of both musculoskeletal hypermobility
and AIS [7, 42].

As expected, there was a high prevalence of musculo-
skeletal hypermobility (40.9% and 100%) [23, 24]. There
was also a higher prevalence of spinal curvature than age-
matched controls (30% vs 3.33% using ATR measurement)
[32], or females of the same age in that region (12% vs 1.1%
using ATR then X-ray) [23]. In a small group of dancers
(n=30), there was no association between musculoskel-
etal hypermobility and spinal curvature (OR 1.23, 95% CI
0.86-1.75 p=0.25), although the sample may have been too
small to detect an association [32]. There is high risk of
confounding in these studies, as rhythmic gymnasts were
shorter, lighter, fewer had started menarche, and had reduced
lumbar lordosis and thoracic kyphosis, all factors associated
with AIS [5, 7, 43]. Equally, dancers with both musculoskel-
etal hypermobility and spinal curvature had weaker knee
musculature, reduced proprioception and anterior balance
compared with dancers without either phenotype [24].

Discussion

The literature on the association between isolated muscu-
loskeletal hypermobility and AIS shows varying results.
Overall, there is no convincing population-based evidence
for an association, although in a group of patients with mild
AIS, there was some high-quality evidence for an association
[22]. Potential explanations for this disparity could be selec-
tion bias or uncontrolled confounding. In selected popula-
tions where hypermobility is common, AIS is found more
frequently, but again there is high risk of confounding in
these studies.

Two cross-sectional studies found higher mean Beighton
scores in those with clinically and radiologically diagnosed
AIS [25, 26], but these scores were too low to represent
a diagnosis of generalised musculoskeletal hypermobility.
Hypermobile individuals had slightly higher ATR measure-
ments, which could simply reflect excessive spinal mobility
inducing functional reversible curves and therefore higher
ATR measurements, which may not translate into progres-
sive scoliotic curves [25]. Indeed, despite correlation with
Cobb angle, ATR measurement overestimates the presence
of a scoliotic curve in younger adolescents, which could in
part be related to higher prevalence of hypermobility [44,
45]. Contrary to this theory, a high-quality cross-sectional
study did not find an association between musculoskeletal
hypermobility and small early spinal curves after exclusion
of those with known scoliosis in an adjusted model [30],
although the back surface topography method used here
assesses spinal deformity in the coronal plane, as opposed
to ATR, a measure of spinal rotation.

The only compelling evidence for an association between
musculoskeletal hypermobility comes from two studies by
the same authors [21, 22], who found higher rates of muscu-
loskeletal hypermobility in individuals with mild AIS. How-
ever, the case—control design inherently risks selection bias,
as the AIS group, recruited from a hospital-based clinic,
may possess particular confounding characteristics associ-
ated with presentation to secondary care, possibly inducing
or accentuating any associations.

Studies investigating dancers and rhythmic gymnasts,
individuals at the extremes of hypermobility, have found
higher rates of AIS [23, 24], although results were not
adjusted for potential confounders which were also com-
mon in these populations (particularly low BMI and pubertal
stage). The results could therefore represent confounding, or
hypermobility may be one of a constellation of traits associ-
ated with AIS in these populations.
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This review highlights important implications for future
research into the association between musculoskeletal hyper-
mobility and AIS. Firstly, standardisation of measurement
methods would allow replication of results across popula-
tions. For musculoskeletal hypermobility, the most com-
monly used method for diagnosis is the Beighton score, with
acceptable inter- and intra-rater reliability, and this should
be used by future studies. However, consensus regarding
the most appropriate cut-off scores for clinically important
musculoskeletal hypermobility are needed [46]. For AIS,
the gold-standard would be spinal radiographs in the entire
study population, which would entail considerable exposure
to ionising radiation, and would therefore be unethical in
healthy individuals. The pragmatic use of screening methods
to define AIS in a research setting could artificially increase
the strength of any association if it overestimates the pres-
ence of scoliosis. This is particularly pertinent when inves-
tigating musculoskeletal hypermobility, as it is conceivable
that excessive spinal mobility could give rise to functional
spinal rotation while bending, resulting in a false positive
ATR result. Newer imaging methods such as EOS, which
reconstructs a 3D model of the spine [47], and techniques
for measuring spinal curvature from DXA scans have been
developed [48], which confer minimal radiation exposure,
and could prove useful in accurately assessing spinal curva-
ture in study populations.

Secondly, future studies must take into account the
potential for confounding, particularly age, BMI and puber-
tal stage, in order to examine the true relationship between
musculoskeletal hypermobility and AIS.

Lastly, there were no longitudinal data. It is therefore dif-
ficult to determine which curves will progress, a key factor
influencing clinical management. Longitudinal data would
allow analysis of changes in musculoskeletal hypermobil-
ity and curve development through adolescence, and better
understanding of their temporal relationship. Determining
whether musculoskeletal hypermobility impacts on curve
progression could help identify at-risk individuals, and
guide frequency of monitoring, or even clinical management
if curves of hypermobile individuals behave differently, as
hinted at by the finding of greater surgical curve correction
in hypermobile individuals [35].

Strengths and limitations

Strengths of this review are the inclusion of studies with a
range of measures of generalised musculoskeletal hypermo-
bility and scoliosis, reflecting the available literature, and
our ability to include manuscripts written in English, Ger-
man, Spanish and Italian. Limitations of this review include
an inability to carry out a meta-analysis. However, a narra-
tive evidence synthesis was performed, weighted towards

@ Springer

studies of the highest quality. Common limitations in design
of the eligible studies were identified.

Conclusions

Although there are suggestions of an association between
musculoskeletal hypermobility and AIS, there is a paucity
of high-quality evidence. Greater understanding of the role
of musculoskeletal hypermobility in the pathogenesis of AIS
could help to identify factors involved in its initiation and
progression and could lead to development of clinical tools
to identify individuals most at-risk, to allow more tailored
clinical management.

As highlighted by this review, further large-scale pro-
spective studies are required with standardised measures
of hypermobility and adequate consideration of potential
confounding factors, to clarify the true role of isolated mus-
culoskeletal hypermobility in AIS.
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