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Abstract

Purpose The association between idiopathic scoliosis (IS) and sports activities remains vague. We aimed to analyse their
effect on full-time braced adolescents with IS.

Methods We retrospectively recruited all the consecutive patients of a tertiary referral Institute of age > 10 (adolescents), with
a juvenile (JIS) or adolescent (AIS) IS diagnosis, Risser 0-2, TLSO brace prescription and self-reported adherence >20 h per
day, and follow-up out-of-brace X-rays 18 months after brace prescription. We divided participants into two groups: SPORT
(sport twice or more per week) and CONTROL (sport once per week or less). We calculated odds ratio (OR) to compare
the outcome of subjects performing to those not performing sport. We ran a logistic regression with covariate adjustment to
assess if sports frequency affected the outcomes.

Results Out of 33,311 participants assessed for eligibility, 785 satisfied the inclusion criteria (693 females, age 12.7 +1.3
and 40+ 11° Cobb). The SPORT group consisted of 290 participants and the CONTROL group of 495. The SPORT group
showed higher odds of improvement (OR=1.59, 95%CI=1.17-2.16, p=0.0018). The odds of improving increased with
the frequency of sports activity (OR =1.20, 95%CI 1.08-1.34).

Conclusion This study shows that sports activities increase the odds of improvement at 18-month follow-up in adolescents
with IS treated with a full-time brace. The odds of improvement increase with sports week frequency.

Keywords Sport; Idiopathic scoliosis - Full-time brace - Physical activity

Introduction

Scoliosis is a general term comprising a heterogeneous
group of conditions consisting of changes in the shape and
position of the spine, thorax and trunk [1]. By definition,
idiopathic scoliosis (IS) is of unknown origin and is prob-
ably due to several causes [1]. The Scoliosis Research Soci-
ety (SRS) suggests that the diagnosis is confirmed when
the Cobb angle is 10° or higher and axial rotation can be
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recognised [2]. According to current evidence, adolescent
idiopathic scoliosis (AIS) non-operative treatments include
Physiotherapic Scoliosis Specific Exercises (PSSE) [3-5]
and/or bracing [6, 7] according to curve severity and risk of
progression [1].

Conservative treatment with rigid bracing and PSSE is
recommended for curve angles above 20-25° Cobb in skel-
etally immature patients [1]. Bracing treatment involves
using a brace (a corrective orthosis) for a specified time each
day, usually until maturity [1]. Several studies verified the
efficacy of brace treatment in preventing curve progression
[6, 8].

In children and adolescents, there is a dose—response
relation between physical activity, sedentary behaviour and
health-related quality of life. Results suggest that the higher
frequency of physical activity or the less sedentary time,
the better the health-related quality of life [9]. The Interna-
tional Society on Scoliosis Orthopaedic and Rehabilitation
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Treatment (SOSORT) guidelines for the conservative treat-
ment of scoliosis recommends continuing sports activities
during brace treatment because of the physical and psy-
chological benefits these activities provide [1]. However,
there is an apparent discrepancy between the two: the brace
immobilises the spine to prevent scoliosis progression, while
sports activities require spine movements in all directions.
For these reasons, all around the world, there are some phy-
sicians prescribing sport and others interdicting sport to
braced adolescents. The primary aim of this study was to
determine if sports activities can modify the therapy results
of adolescents with IS wearing a full-time brace. The sec-
ondary aim was to verify if sports weekly frequency can
increase or reduce the odds of improving in this population.
[10-22]

Materials and methods

The study is a retrospective observational case—control study
embedded in a prospective clinical data collection in a ter-
tiary referral outpatient Institute in Italy specialised in spinal
disorders. The local ethics committee approved the study,
and all patients and their parents gave informed consent for
research purposes. This study did not receive any external
funding.

Participants

We considered all consecutive patients from 2003 up to 31
October 2018. Inclusion criteria were adolescents with IS
(age > ten years), diagnosis of JIS or AIS according to the
criteria of the Society on Scoliosis Orthopaedic and Reha-
bilitation Treatment (SOSORT) [1], Risser stage between O
and 2, thoraco-lumbosacral brace (TLSO) full-time prescrip-
tion with a self-reported brace usage >20 h/day during the
follow-up, frontal X-rays available at baseline and 18-month
follow-up. We excluded patients with deformities associated
with neurological or congenital pathologies.

Treatments

The braces included were TLSOs (Sforzesco or Sibilla-
Cheneau) built according to SPoRT (Symmetric, Patient-
oriented, Rigid, Three-dimensional, active) concept [23].
The SPoRT concept, due to its three-dimensional action of
elongation pushing the spine in a down-up direction, is dif-
ferent from all the other corrective systems. The Sforzesco
brace is a high rigidity brace constructed with high-density
polyethylene, and the Sibilla-Cheneau brace is a rigid one
made of polyethylene. The Sforzesco brace was prescribed
to patients with more severe and structured curves.

At every consultation (every six months), full-time brace
and PSSE were prescribed. We considered regular PSSE if
performed > 90 min a week. Finally, we prescribed partici-
pants regular sports activity, to help them psychologically
and socially and develop better self-image [1].

Data sources/measurements

At each consultation, the treating physician collected all the
data: weight, height, age, and angle of trunk rotation (ATR).
Furthermore, participants self-reported how many hours a
day they wore the brace if they practised regular physical
activity, which sport, and how many times per week. All
participants underwent a standing anteroposterior X-ray
of the full spine at baseline, 6- and 18-month follow-ups
The treating physician measured the X-rays using the Cobb
method [1]. Table 1 shows all the data collected and their
timing. The primary outcome was an improvement of > 5°
Cobb at the 18-month follow-up X-ray.

Data analysis

The sport variable

Patients self-reported if they had performed sports activ-
ity. If they did, they also reported which one, the weekly

frequency, and the minutes per week. We considered only
extra-curricular sport because in Italy all children perform

Table 1 Data collected at
the first visit and then every

Time

0 (baseline) 6 months 12 months 18 months

6 months during the follow-up Age

Risser

Cobb degrees

Brace prescription
Self-reported brace wear
Sports activity type

Sports activity frequency per week

PSSE performance

X X

xR X
R T T T B A
I T o T T B A

XXX )X
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2 h a week of physical activity at school. Participants could
perform sports activity wearing or not their brace, according
to their preference and hours/day of brace wearing.

Since not all patients performed sports regularly, we
divided the sports variable into two groups for the logistic
regression analysis: SPORT group, if they practised regular
sports twice or more per week during the entire follow-up
period (18 months), and CONTROL group, if they practised
sports activity only once or less per week, or not regularly
with breaks of weeks or months.

Statistical analysis

The Wilcoxon rank-sum test and chi-square test were used to
verify if there were differences between SPORT and CON-
TROL groups. The odds ratio (OR) was calculated to com-
pare the outcome of three groups at 18-month follow-up.
Binary logistic regression was used to verify the impact of
the following covariates: JIS diagnosis, baseline age, Cobb
degrees, Risser sign, and angle of trunk rotation (ATR).
Logistic regression with covariate adjustment was run to
assess if the frequency of the sport per week influenced the
outcome measures. Stratification was applied to control
covariates. The alpha level was set at 0.05 and CI at 95%. All
statistical analyses were conducted using the Stata statistical
package (version 14; Stata Corp).

Results

We included 785 patients (mean age 12.7 + 1.3, 693 females)
whose baseline characteristics are listed in Table 2. At each
cross-sectional observation time, we had almost 50% of
patients performing sport: 51.2% at six months, 53.5% at
12 months and 55.9% at 18 months, respectively. At the
18-month follow-up, SPORT group had 290 patients (36.9%)
who never stopped sports activities from baseline to fol-
low-up. We considered patients performing PSSE if they
reported regular performance > 90 min per week throughout
the follow-up. At the baseline, we did not find significant
differences between the groups in any variable considered
(sex, age, Cobb degrees, Risser sign, ATR, JIS, PSSE). At
the 18-month follow-up, subjects performing sport showed
higher odds of improvement (OR=1.59, 95%CI=1.17-2.16,
p=0.0018).

According to logistic regression, after adjusting for covar-
iates, at the 18-month follow-up only ATR, sports activ-
ity, and sports frequency significantly increased the odds
of improvement (p =0.009, p=0.009, p=0.001, respec-
tively). As baseline ATR increased, the odds of improvement
decreased (OR =0.95, 95%CI 0.91-0.98), and the odds of
improvement increased with sports frequency (OR =1.20,
95%CI 1.08-1.34) Fig. 1.

Table 2 Description of the two groups of participants (tot 785). Data
reported as number (percentage) or mean +standard deviation. ATR
(Angle of Trunk Rotation); JIS (Juvenile Idiopathic Scoliosis); AIS
(Adolescence idiopathic scoliosis); PSSE (Physiotherapic Scoliosis
Specific Exercises)

Total Sports group Control group P

Females 693 (88%) 254 (87%) 439 (89%) 0.644
Males 92 (12%) 36 (12%) 56 (11%) 0.644
Age 127+13 12.7+14 12.8+1.3 0.714
Cobb degrees 39+12° 39+13 39+11 0.950
Angle of Trunk  11.7+3.8° 11.5+4.1° 11.8+£3.7° 0.406

Rotation (ATR)

degrees
Juvenile Scoliosis 162 21%) 62 (21%) 100 (20%) 0.694
Adolescence 623 (79%) 228 (79%) 395 (80%) 0.694

Scoliosis
Risser 0 446 (57%) 175 (60%) 271 (55%) 0.292
Risser 1 155 (20%) 51 (18%) 104 (21%) 0.292
Risser 2 184 (24%) 64 (22%) 120 (24%) 0.292
No PSSE 369 (47%) 131 (45%) 238 (48%) 0.456
PSSE 415 (53%) 158 (55%) 257 (52%) 0.456
Discussion

This is the first extensive prospective study to check the
effect of sports activities on a large population of adolescents
with IS, wearing a TLSO brace full time. The study shows
that in this population, regular sports activity increases the
odds of reducing scoliosis > 5° Cobb at an 18-month fol-
low-up and the odds of improvement increase with sports
frequency. Clinical guidelines suggest performing sports
activities when wearing a brace for psychological and social
benefits [1]. According to current results, regular sports
activity can also help scoliosis treatment within 18 months
of observation.

Previous studies focused on various types of sports. They
investigated the prevalence of scoliosis or trunk asymmetries
in athletes performing specific sports such as swimming
[11, 12], tennis [13, 14], ballet [15, 16], volleyball [17, 18],
rhythmic [19] or artistic gymnastics [14, 20], wrestling [14],
and soccer [14], and comparing them with data from nor-
mal controls. They found controversial relationships between
specific sports and spine deformities or trunk asymmetries.
Some studies found an association between swimming and
trunk asymmetries [11, 12] but not Boldori and Bielec [21,
22]. MacMaster [23] found that subjects who never per-
formed gymnastics had 5.1 times the odds of having AIS
than those who participated in these activities. Conversely,
Hellstrom [14] and Trexler [20] found a higher prevalence
of scoliosis in gymnasts. Most of these studies have a cross-
sectional design that does not allow drawing a cause-effect
relationship. Furthermore, no study included patients with

@ Springer



European Spine Journal

Assessed for eligibility (n = 33311)

> Excluded (n = 32526)
» Not meeting inclusion criteria

Included (n = 785)

Allocated to
SPORT GROUP (n = 290)

Fig. 1 The flow chart of participants

IS wearing a brace full time to determine the effect of sports
activities on therapy.

Our study confirms that it is possible to undergo bracing
treatment and continue practising sport. At all follow-ups,
we had cross-sectionally almost 50% of our sample regularly
practising sports activity. This result is consistent with a
study that showed that bracing does not change sports habits
of AIS patients wearing a TLSO brace 18-23 h a day: 51.3%
of patients performed sports at baseline and 49.9% at the
6-month follow-up [24]. In our study, considering the entire
18-month follow-up, patients performing sports reduced to
36.9%. Nevertheless, this percentage includes only patients
regularly performing sports during the whole period.

In most studies investigating the prevalence of scolio-
sis or trunk asymmetries in competitive athletes or profes-
sional dancers, subjects engaged in high-intensity training
presented more frequently trunk asymmetries and sco-
liosis than controls [11, 12, 14, 15, 19, 20]. Athletes per-
forming low-intensity sports activity showed the opposite
trend [13, 21, 22]. These data contrast our study’s results
of full-time braced adolescents showing an increase in the
odds of improvement with the rise of sports frequency. The
case—control design within a prospective database versus
cross-sectional data can explain the difference and favours
our observation.

Combining bracing with PSSE has decreased spinal
deformities and improved quality of life compared to brac-
ing alone [8, 25-27]. In our study, 52% of the population

@ Springer

Follow - up 18 months

Allocated to
CONTROL GROUP (n = 495)

had been regularly performing PSSE throughout the fol-
low-up period. However, we found no statistically signifi-
cant differences in the percentage of patients regularly per-
forming PSSE between SPORT and CONTROL groups.

The significant variability of sports did not allow us to
reach conclusions on the various types of sports. When
we tried to divide the patients, there were too many vari-
ables. Some patients started with one sport for the first
six months and then changed; others played more sports
simultaneously. Some practised sports activities up to 7
times a week but not agonistic because they played 3—4
different sports. All this variability did not allow us to
reach conclusions on the matter. Still, it would be interest-
ing to try to analyse them in the future with other studies
on larger populations.

One of the main limitations of the current study is that
the physicians interviewed patients only about the type of
sport they played and the weekly frequency. Still, they did
not ask the number of hours dedicated to sport at each ses-
sion. Activity strength such as duration and intensity was
not reported, and these factors might impact more than times
per week and should be explored in future studies. Another
limit is that the study relies entirely on the patients’ reports
during the visit. Some of them may have answered to obtain
doctor approval. However, the patients knew that the therapy
priorities were adherence to brace wear and PSSE, not sports
activities. Per our experience, patients feel free to declare if
they perform physical activities or not.
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Lastly, doctors measured X-rays not blindly to patients’
participation in sports activities. Nevertheless, they were
blind to the study due to the case—control retrospective
design. Moreover, doctors prescribe sports activity to the
patients because it could help them prevent trunk muscle
impairment, reduce trunk stiffness, improve lung func-
tion, and help them maintain their social life. Until now,
sports activity could not be expected to enhance treatment
results. Consequently, the allocation to SPORT or CON-
TROL group should probably not have influenced Cobb
degrees measurement.

The merits of the present study include the prospective
data collection of all consecutive patients corresponding
to the inclusion criteria, the large sample size, and the
focus on a specific population (patients wearing a full-time
TLSO brace) with meaningful clinical outcome criteria.
All this provides good reliability and generalisability of
results, decreasing the risk for type I error (increasing the
power of the study). Our study can serve in planning future
interventional trials with a prospective design that could
reduce our observed variability. Moreover, future studies
could look at the sagittal plane too. We could not do so
because of the absence of lateral X-rays in most patients
and the observational retrospective design.

In conclusion, this study shows that regular sports
activity performance increases the odds of improvement
at 18-month follow-up in adolescents with IS treated with
a full-time brace. The odds of improvement increase with
the increase in sport’s frequency. According to the present
results, regular sports activity can be recommended by
physicians, thus confirming the recommendation of the
clinical guidelines on conservative scoliosis treatment [1].
Future studies with different designs should check indi-
vidual sports and the combined effect of PSSEs and sports
activities.
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