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Abstract

Purpose Adolescent idiopathic scoliosis (AIS) is a three-dimensional spinal deformity that affects 5% of the population.
This pathology has multiple known etiological factors such as family predisposition, female gender, low body mass index,
decrease in lean and fat masses. However, recent studies suggest that ciliary dysfunction could be the origin of certain types
of obesity and AIS. This study aims to verify the existence of a link between these two pathologies.

Methods A retrospective, cross-sectional, descriptive and monocentric study, based on a cohort of adolescents with obesity
treated in a paediatric rehabilitation centre for specific care between 1 January 2010 and 1 January 2019. The prevalence
of AIS was calculated by radiographic measurements. The diagnosis of AIS was established if the Cobb angle was > 10°,
associated with intervertebral rotation.

Results 196 adolescents with obesity were included in the study (mean age 13.2 years, mean BMI 36 kg/cm?, gender ratio 2.1
of female to male.) The prevalence of AIS in adolescents with obesity was 12.2%, twice the prevalence of AIS in the general
population. The characteristics of AIS in adolescents with obesity are predominantly female, 58.3% left thoracolumbar or
lumbar principal curvatures, mean Cobb angle 26° and progressive in 29% of cases.

Conclusions Our study established a correlation between AIS and obesity with a higher prevalence than in the general

population. The morphology of these adolescents makes screening for AIS more difficult.
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Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional
spinal deformity diagnosed clinically by the presence of a
trunk rotation measured with the Bunnel scoliometer (angle
of trunk rotation or ATR).

It is confirmed radiologically by the association of
intervertebral rotation and frontal deviation of at least 10°
[1].

The prevalence of idiopathic scoliosis in 8- to 15-year-
olds ranges from 0.47 to 5.2% [2—4]. In 2010, one meta-anal-
ysis found a mean prevalence of AIS of 5% in the general
population [5].

Multiple etiological factors can contribute to AIS such as
genetic, hormonal and neurodevelopmental factors. Family
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predisposition, female gender and low body mass index
(BMI) are all risk factors for developing AIS [3, 4]. A "typi-
cal" AIS patient is a tall female with decreased lean and fat
masses [2, 6].

In Europe, a mutation of the POCS5 gene is found in 10%
of inherited AIS [7], and a POCS5 variant is significantly
associated with AIS in the Chinese population [8]. Poc5/
POCS is involved in the function of primary sensory cilia
and embryonic nodal cilia [7]. It also appears to play an
important role in the embryonic development of the rostro-
caudal axis [9]. Another study confirms the existence of cili-
ary dysfunction in AIS, precisely a disruption of osteoblast
ciliary mechano-sensation and a change in their cilia length
[10]. Ciliopathies include a large number of pathologies
characterised by significant phenotypic variability, of which
obesity is a major symptom (e.g. Bardet-Biedl syndrome, or
Alstrdm syndrome) [11, 12].

Despite very different morphotypes, a primary cilium
alteration is found in certain syndromic obesity and in AIS.
Moreover, AIS mainly affects girls in the peri-pubertal
phase and progresses during puberty, a period that involves
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significant anthropometric changes. To assess a poten-
tial link between obesity and AIS, we conducted a study
in which the main objective was to analyse the prevalence
of AIS in a cohort of adolescents with obesity. Secondary
objectives were to describe the typical profile of AIS obese
patients and to assess possible anthropometric characteris-
tics of obese scoliotic adolescents.

Method
Design

This is a retrospective, cross-sectional, descriptive and
monocentric study, based on a multicentre recruitment. The
cohort of patients includes adolescents with obesity treated
in our paediatric rehabilitation centre between 1 January
2010 and 1 January 2019.

Population

The inclusion and non-inclusion criteria are presented in
Table 1. The patients were adolescents with obesity defined
by a BMI>97° percentile of the BMI curves, according to
gender and age. It is the clinical threshold recommended in
France for children and adolescents who are overweight or
obese (body weight curves from the Programme National
Nutrition Santé-2010), taken from both French references
and the International Obesity Task Force) (http://www.sante.
gouvfr/IMG/pdf/PNNS_2011-2015.pdf).

Adolescents and their legal guardians were given oral
and written information about the use of their medical
records for research purposes. For this study, all data were
anonymised in accordance with the Helsinki Declaration, as
revisited in 2013, about Patient’s Rights. The ethics commit-
tee of our hospital accepted this research (n°2019-02-001).
Because our study is retrospective, we have not submitted it

Table 1 Inclusion and non-inclusion criteria

to the national review committee (permanent authorization
for retrospective studies: MR-003).

Outcome measures

The patients all benefited from an institutional therapeutic
education programme for adolescents suffering from obesity,
during 3 months. The treatment was multidisciplinary, com-
bining physiotherapy, adapted physical activities and health
education supervised by a dietician, a psychologist, and a
paediatrician-nutritionist.

This intensive rehabilitation programme included high
intensity physical activities. Some contra-indications were
therefore systematically eliminated by carrying out a low
dose EOS radiographic examination of the whole spine. This
evaluation made it possible to eliminate certain patholo-
gies such as growth spondylitis (Scheuermann's disease),
spondylolisthesis, etc. A static spinal evaluation was also
systematically carried out: presence of scoliotic curvatures
by noting the topography, type of curvature structural with
rotation or non-structural without rotation), Cobb angle and
Risser test.

On the first day of the stay, total body fat was assessed
by Tanita bio-electrical impedance (TANITA BC-420MA).
It measured weight, height, BMI, fat mass (FM) and lean
mass (LM).

A total of 287 adolescent patients were treated for obe-
sity management between 1 January 2010 and 1 January
2019 (Fig. 1). Of these, 85 records with missing data and 2
with refusal to participate in the study, were excluded, and
four patients with secondary scoliosis were also excluded
(one Klinfelter syndrome, one Prader-Willi syndrome, one
craniopharyngioma operated with complete hypopituitarism,
one latero-cervico-thoracic desmoid tumour). A total of 196
adolescents were included in this study.

Patients with radiographic scoliotic curvature with a
Cobb angle > 10° and intervertebral rotation were classified
in the scoliosis group, and the others in the control group.

Inclusion criteria common
All criteria necessary for inclusion

Non-inclusion criteria
One criterion sufficient for exclusion

1. Participation in an intensive rehabilitation stay for adolescents with

obesity in our paediatric rehabilitation centre between 01/01/2010 and

01/01/2019
2. Age between 10 and 17 years

3. Body Mass Index (BMI) > 97° percentile of the BMI curves (accord-

ing to gender and age)

4. Performing an EOS radiograph of the whole spine face and profile,
on the first day of the stay

5. Normal neurological examination

6. Patients and legal guardians are informed of the possible use of
medical record data in an anonymous manner for this research

1. Suspicion on clinical examination, questioning or imaging of sec-

ondary scoliosis (malformative, neuromuscular ...)

2. Rehabilitation, orthopaedic (corset) or surgical management of AIS

before the beginning of treatment

3. No X-rays or anthropometric evaluations at the beginning of the

inclusion

4. Refusal to participate in the study by parents or patient
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Fig. 1 Flow chart

SCOLIOSIS

Data analysis

Qualitative data were presented as numbers and per-
centages. Quantitative data was expressed as mean and
standard deviation and/or median and interquartile range.
The normality of the numerical parameters was checked
graphically and by the Shapiro-Wilk test.

In the cohort of adolescents with obesity, assessment
of the frequency of scoliosis and anthropometric param-
eters were estimated with a confidence interval of 95%.
The two groups were compared by Chi-2 or Fisher exact
tests on qualitative parameters and by Student's t test
or Mann—Whitney U test on quantitative anthropomet-
ric parameters. An evaluation of the correlations by the
"Spearman/Coor Procedure" method was made between
the Cobb angle and the quantitative data (age, weight,
BMI, FM, LM).

The significance threshold was set at 5%. Statistical
analysis was performed using SAS software, version 9.4
(SAS Institute, Cary, NC, USA).

@ Springer
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Results

Descriptive evaluation of the cohort

Our cohort consisted of 196 patients whose anthropomet-
ric characteristics are described in Table 2. The gender

ratio of male to female was 1/3.

The frequency of radiological scoliosis (defined by
a Cobb angle > 10° and vertebral rotation) was 12.2%

Table 2 Baseline population

Adolescents with obesity (n=196)

Age (years) (mean +SD) 13.2+1.4
[min—-max] [9-17]

Height (cm) (mean =+ SD) 164.4 +8.1
[min-max] [143—188]
Weight (kg) (mean + SD) 96.6+18.4
[min—-max] [55.7—170.0]
Body mass index (kg/mz) (mean+SD) 36+7.1
[min—-max] [23.4—95.7]
Lean mass (%) (mean + SD) 553495
[min-max] [55.7—170]
Fat mass (%) (mean + SD) 41.6+9
[min-max] [19.2—63.1]
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(24/196) with a 95% confidence interval (CI 95%) of
(8-17.6%), following a Gaussian distribution.

Characteristics of scoliosis in adolescents
with obesity

Among the 24 adolescents with obesity and radiological sco-
liosis, the main structural curvature was predominantly left
thoracolumbar or left lumbar (58.3%) (Table 3).

Table 3 Topographical classification of scoliosis in the population of
adolescents with obesity and scoliosis

Type of scoliosis curve

Il
—
~

One curve

Left thoracolumbar
Right thoracic

Left lumbar

Right thoracolumbar

1l
©

Double curve

Left lumbar + right thoracic

Left thoracolumbar +right thoracic
Right thoracolumbar + left thoracic

S = W WL IS DRSS

Il
—_

Triple curve

Left lumbar +right thoracic + left cervicothoracic
Primary spinal curve:

37.5%
29.2%
20.8%
8.3%
4.2%

Left thoracolumbar curve
Right thoracic curve

Left lumbar curve

Right thoracolumbar curve

Left thoracic curve

The mean Cobb angle of the main structural cur-
vature was 26.4° (x18.4°), with a median of 21°
(minimum = 15°—maximum = 89°).

Comparison of scoliotic adolescents with obesity

Comparison of anthropometric data between the two
groups showed a predominance of females in the scoliosis
group (p=0.04). Adolescents with AIS had less advanced
bone growth evaluated by Risser classification (p=0.026)
(Table 4). There was a tendency towards a lower BMI in
the scoliosis group, but no significant difference with the
control group.

Comparison by Cobb angle

We evaluated and compared the scoliosis according to their
Cobb angles. At the time of diagnosis (first X-ray), the Cobb
angle was <20° for 40% of patients, and > 30° for 20% of
patients. We compared the anthropometric parameters in
two sub-groups, according to the median Cobb angle (21°)
(Table 5). There was no significant anthropometric differ-
ence between the two populations nor was there any correla-
tion between anthropometric data and Cobb angle.

Evolution

Twenty-one out of 24 patients had their AIS followed up
for 6 to 56 months (mean = 17.8 months). In 29% of cases
(7 patients, including 4 females), the AIS was progressive
(Cobb angle >30° and/or worsened > 5° between two radio-
graphic evaluations).

Table 4 Comparison of

! Adolescents with obesity and Adolescents with obesity p value
anthropometric da}ta betw§en without scoliosis and scoliosis
the adplescents v'v1tl.1 obesity (n=172) (n=24)
and without scoliosis versus the
adolescents with obesity and Sex ratio 1/3 /12 0.04*
scoliosis (male/female)
Age (years) 13.1+1.3 13.6+1.7 0.35
(mean +SD)
Height (cm) 164.5+8.1 163.8+8 0.05
(mean+SD)
Weight (kg) 97.65+18.7 89.75+13.7 0.06
(mean+SD)
Body mass index (kg/m?) 36.37+7.2 33.54+5.2 0.26
(mean +SD)
Lean mass (%) 41.74£8.9 40.73£9.7 0.60
(mean+ SD)
Fat mass (%) 55.14+9.6 57.06+8.6 0.35
(mean+ SD)
Risser classification 2 1.5 0.026*
(median) [2-4] [0—4]

[lower—upper quartile]

@ Springer



2200

European Spine Journal (2023) 32:2196-2202

Table 5 Anthropometric
characteristics in tow sub-

Adolescents with obesity and Adolescents with obesity and p value

X . scoliosis <21° scoliosis >21°

groups with obesity and (n=12) (n=12)

scoliosis, according to the

median Cobb angle (21°) Body mass index (kg/m?) 335+4.5 33.8+6 0.91
(mean + SD)
Lean mass (%) 59.2+9.7 54.6+7.3 0.41
(mean+ SD)
Fat mass (%) 52.5+7.5 48.7+7 0.36
(mean +SD)
Risser classification 2 2 0.66
(median) [0-4] [0-4]

[lower—upper quartile]

Discussion

The aim of this study was to assess the prevalence of AIS
in a cohort of exclusively adolescents with obesity. In our
patients, the prevalence was 12.24% which is more than
double the prevalence found in most studies [2—-5]. To our
knowledge, no other study has specifically assessed the
prevalence of AIS in adolescents with obesity.

Studies indicate that patients with AIS have alterations
in their body composition combining low BMI, decreased
bone density, low percentage of fat and lean body mass
(13-18). We could have expected to find a lower preva-
lence of AIS in our obese adolescent population than in the
general population. However, our results show otherwise.
There are several possible explanations for these results.
In 2019, Escriva et al. evaluated the distribution of adi-
posity in young females with AIS. In scoliotic patients,
the prevalence of underweight, overweight and obese sub-
jects compared to age-matched non-scoliotic controls was
assessed [13]. The proportion of adolescents with obesity
was twice as high in AIS as in age-matched controls [13].
Durmala et al. have shown that classification of nutritional
status by BMI underestimates the number of patients with
obesity in AIS study [14, 15]. AIS diagnosis in adolescents
with obesity is difficult due to the loss of anatomical relief.
Thus, in subjects with obesity and scoliosis, ATR is less
visible, waist folds are less marked, and trunk tilt is less
frequent [16]. Furthermore, adolescents with obesity tend
to have a more negative body image and to perform less
physical activity. There are fewer opportunities to see them
shirtless, making diagnostic situations less frequent [16].
Finally, the lower penetration of X-rays into fatty tissue
decreases radiographic accuracy [17].

In our cohort, as in the general population, AIS affects
mostly girls (75% of cases) [19]. This result is probably
overestimated in our population, which is predominantly
composed of girls (55.6%).

AIS in our patients with obesity has some specific
features.

@ Springer

The mean angle of our scoliosis (26°) patients with obe-
sity is high compared to the mean angle of AIS individuals
in general population [3, 18]. 40% of our AIS patients had
a Cobb angle below 19°. Zheng et al. found an average of
18°1in 1021 AIS patients, aged 10-16 years (the population
included 33 obese and 125 overweight patients) [20]. In Pen-
ha's study, 75% of AIS patients had a Cobb angle <22° [21].
This difference with our results can be partly explained by
the high variability of the scoliosis angle (standard deviation
15°-89°). Moreover, other explanations are possible. Obese
children tend to be taller and show faster height gain, espe-
cially in the prepubertal period, compared to age-matched
normal weight subjects [22, 23]. Peripubertal growth rate is
a factor in the worsening of AIS [24].

This higher mean of Cobb angle could also be related
to a delay in diagnosis, for the reasons given above, which
limit early detection of scoliosis in obesity [16]. Therefore,
it seems unlikely that scoliotic curvatures with an average
Cobb angle of 26° have a postural origin.

e The topography of the main scoliotic curvature in our
population is not common: it is lumbar or left thora-
columbar in 58.3%. This is different from the typical
distribution of scoliosis, which is right thoracic in 80%
of AIS [24, 25]. It is possible that the lumbar spinal seg-
ment is more sensitive to morphological changes asso-
ciated with obesity. There is a significant relationship
between body weight and increased lumbar lordosis in
obesity [26]. The explanation could be a hyper pressure
on the vertebral bodies with asymmetric inhibition of the
growth plates and peri-vertebral muscle maladjustment.
This mechanism could also explain the aggravation of a
pre-existing lumbar scoliotic curvature and therefore the
over-representation of lumbar and thoracolumbar curva-
tures in our population. However, this hypothesis still
needs to be proven.

o In a little less than one third of cases, AIS in our adoles-
cents is progressive, with no relation to gender or initial
BMI.
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e We found no correlation between anthropometric param-
eters and Cobb angle, although we note a tendency for a
lower BMI in the obese scoliotic group

Our study establishes a link between obesity and AIS.
This population of obese scoliotic adolescents probably
represents a subgroup with a different morphotype than the
usual phenotypic description in AIS: AIS with a preferential
lumbar or left thoracolumbar topography, found at a higher
Cobb angle, due to the difficulties of screening in these
patients [3, 4]. It is therefore important for the clinician to
be particularly vigilant when screening for scoliosis in an
adolescent suffering for obesity [16]. If there is any clinical
doubt (tilt of the shoulder girdle, ATR from 5°), a weight-
bearing total spine X-ray should be performed.

Recent work suggests possible explanations for this link.
This study raises the possibility that ciliary dysfunction
could be at the origin of AIS [7, 10]. Obesity is a prime
symptom in some ciliopathies [11, 12]. Some types of obe-
sity and AIS could therefore have a common origin via cili-
ary dysfunction.

Our research does not provide arguments in favour of this
hypothesis.

Numerous genetic studies underway will make it possible
to answer these hypotheses soon.

Conclusion

Scientific literature shows a strong correlation between AIS
and a morphotype associating low BMI, decreased fat and
lean masses. However, our study is the first to show that
the prevalence of AIS in adolescent with obesity patients is
twice as high as that found in general population. This sco-
liosis is more severe, which is probably due to delayed diag-
nosis. Adolescent obesity is a global public health problem.
It is important to treat scoliotic deformities in this population
by considering the difficulties of screening and diagnosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00586-023-07709-1.
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