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SPECIFIC EXERCISES REDUCE BRACE PRESCRIPTION IN ADOLESCENT
IDIOPATHIC SCOLIOSIS: A PROSPECTIVE CONTROLLED COHORT STUDY
WITH WORST-CASE ANALYSIS
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Objective: To compare the effect of Scientific Exercises Approach to Scoliosis (SEAS) exercises with “usual care” rehabilitation programmes in terms of the avoidance of brace
prescription and prevention of curve progression in adolescent idiopathic scoliosis.
Design: Prospective controlled cohort observational study.
Patients: Seventy-four consecutive outpatients with adolescent idiopathic scoliosis, mean 15° (standard deviation 6)
Cobb angle, 12.4 (standard deviation 2.2) years old, at risk
of bracing who had not been treated previously.
Methods: Thirty-five patients were included in the SEAS exercises group and 39 in the usual physiotherapy group. The
primary outcome included the number of braced patients,
Cobb angle and the angle of trunk rotation.
Results: There were 6.1% braced patients in the SEAS exercises group vs 25.0% in the usual physiotherapy group.
Failures of treatment in the worst-case analysis were 11.5%
and 30.8%, respectively. In both cases the differences were
statistically significant. Cobb angle improved in the SEAS
exercises group, but worsened in the usual physiotherapy
group. In the SEAS exercises group, 23.5% of patients improved and 11.8% worsened, while in the usual physiotherapy group 11.1% improved and 13.9% worsened.
Conclusion: These data confirm the effectiveness of exercises
in patients with scoliosis who are at high risk of progression.
Compared with non-adapted exercises, a specific and personalized treatment (SEAS) appears to be more effective.
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therapy, brace.
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Introduction
The so-called “exercise-dogma”, which states that exercise is
of no use in idiopathic scoliosis without proof, is prevalent in
certain countries (1). However, in other countries exercises
are widely used to treat adolescent idiopathic scoliosis (AIS),
especially lower grade cases (2). A few recent systematic reviews have shown the possible effects of exercise on scoliosis
in terms of Cobb angle, based on concordant controlled studies,

which were mainly observational and partly prospective (2–4).
Such results have led to the evidence on exercises being judged
as efficacious for avoiding, or at least reducing, the worsening
of curvature with a level of evidence of C (multiple controlled non-randomized studies, whose results are consistent with
each other) by the Italian Guidelines Committee (5), while
the international scientific Society On Scoliosis Orthopedic
and Rehabilitation Treatment (SOSORT) has proposed their
use and indications (6). Moreover, it has been shown that
physical exercises can have a positive influence on breathing
function, strength and postural balance, and that they are useful
in reducing specific impairments and disabilities of patients
with AIS (7–10).
Studies evaluating exercises have, up to now, focused on
their efficacy in terms of Cobb angle (2, 4), but no study has
reported their usefulness in reducing brace prescription. From
the patient’s perspective, avoiding bracing is a key goal, and
simply postponing its use for some months could also be
important (11). In fact, as treatment ends when growth stops,
postponing the start of bracing will reduce the total length of
this type of treatment.
A study focusing on brace prescription might look at exercise
treatment vs non-treatment, but any active therapy should be
compared with another one (or at least a placebo treatment) in
order to reduce or eliminate bias. In rehabilitation this might be
even more important, due to the key role of human factors. In
this respect, Italy represents an ideal opportunity for research
into exercise treatment, due to its widespread use, combining the
approaches and input of many different schools (12, 13). Today,
every rehabilitation centre has its own exercise protocol, as does
every physiotherapist. In most cases, the patients perform the
same exercises in groups, which are usually not homogeneous
with respect to the scoliosis parameters and type of treatment
used (e.g. bracing or not). Moreover, these standard treatments
may be different in terms of quality, the duration of each session
and repetitions per week. Thus, it is evident that these differences
may result in a highly variable outcome.
In a previous preliminary study we have shown the efficacy
of Scientific Exercises Approach to Scoliosis (SEAS) exercises
in reducing the rate of progression of scoliosis compared with
usual care, while brace prescription was greatly reduced but
this last results was not statistically significant (14). That study
included patients who had been treated previously, which could
have affected the results. The objective of the current control-
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led prospective study was to compare the effect of this same
protocol of exercises vs usual-care rehabilitation programmes
in a group of adolescent patients with low-degree idiopathic
scoliosis who had not been treated previously. The primary
outcome was to avoid braces, while secondarily we examined
the prevention of progression in curvature. The results were
also compared with published data on the natural history of
AIS and its treatment using exercises (2).
Material and Methods
Patients
Between May 2003 and July 2005, 74 consecutive outpatients with AIS
were enrolled in the study. Each patient was attending their first medical
evaluation at our institute, none had been treated previously, and all
were prescribed exercises to avoid bracing. All patients provided
written informed consent to the blind research management of their
clinical data. Inclusion criteria were: adolescent idiopathic scoliosis
not previously treated, and diagnosed as at risk of bracing according to the Italian Clinical Guidelines and expert medical judgment
(5). The data from the medical evaluation included history, scoliosis
and growth parameters, sagittal profile, posture, and motor-neurone
control. These data can be summarized by the following clinical
pictures (which, nevertheless, are not totally inclusive of all cases):
(i) proven radiographic progression; (ii) Cobb angle exceeding 15° or
Bunnell Angle of Trunk Rotation (ATR) exceeding 7°, first signs of
puberty, pre-menarchal and Risser value 0–1; (iii) Cobb angle exceeding 20° and Risser value of 2 or 3. Exclusion criteria were: secondary
scoliosis and pathologies known as possible causes of scoliosis (15),
neurological deficits, a difference in inferior limb length exceeding
10 mm, previous treatment for scoliosis (brace, exercises or surgery)
and Risser value exceeding 3.
The patients themselves decided whether they preferred to be
treated according to our exercise protocol (the SEAS group) or by
a rehabilitation centre or single physiotherapist of their choice (the
usual physiotherapy (UP) group). They were thus divided into 2
groups through self-selection: 35 patients entered the SEAS group
(25 females, mean age 12.7 (standard deviation (SD 2.2) years) and
39 entered the UP group (27 females, mean age 12.1 (SD 2.1) years).
The mean Cobb angle at the start of treatment was 15° (SD 6°), while
the mean ATR was 7° (SD 2°).
Study design
This was a prospective controlled cohort observational study on consecutive outpatients. Moreover, it was a clinical everyday practice
study in which the physicians were neutral observers because they
were not aware of the study being performed and they were focused
only on the patients’ needs, although they were not blinded to the
treatment applied. Due to the observational setting, ethical approval
was not required. Each patient underwent a complete medical evalua
tion, during which a physician with expertise in scoliosis measured
the Bunnell ATR and radiographic Cobb angles. Clinical evaluations
were performed every 6 months and radiographic measurement was
performed after 12 months of treatment, when the studied ended.
Treatment
The SEAS group performed SEAS exercises in its 2002 version (2002:
SEAS.02) according to the Italian Scientific Spine Institute (ISICO)
approach (14, 16). This consists of individually adapted exercises that
are taught to the patients in a structure totally dedicated to scoliosis
treatment. The patients perform a single session of 1.5 h duration every
2–3 months at our institute, in which they are evaluated by a physio
therapist with expertise in scoliosis, learn a SEAS exercise protocol that
is personalized according to medical and physiotherapic evaluations,
receive a video record of their performance with physiotherapist’s
J Rehabil Med 40

suggestions, and participate in a family counselling meeting with
regard to scoliosis. The patients continue treatment at a rehabilitation
facility near their home (by themselves or with their parents) twice a
week (40 min per session) plus one daily exercise at home (5 min).
The SEAS.02 exercises are based on Active Self-Correction (ASC)
(17), which is an active movement performed in order to achieve
the maximum possible correction, the goal of which is to activate
motor-neurone reflex corrective response (16, 17). The exercises are
all performed with respect to ASC and are aimed at spinal stabilization, strengthening of the tonic antigravity muscles, improvement
of balance and co-ordination, recovery and maintenance of physio
logical sagittal curves, and full functional improvement according to
physiotherapeutic and medical evaluations (16, 18). Therapists avoid
increasing the spine’s range of motion (12, 16, 19, 20), but instead
focus mainly on spinal stability.
The UP group participants performed many different exercise protocols at a local facility according to the preferences of their single
therapist. In most cases the exercises were performed in a group
context, while in all cases they lasted 45–90 min and were performed
2 or 3 times per week. In some cases, the patients were required to
repeat their exercises daily at home.
All patients in both groups were also required to participate in
sports as a complementary aspect of therapy, without focusing on any
particular sports activity.
Outcome measures
The primary measures of outcome included: the number of braced
patients, Cobb angle and ATR. Regarding Cobb angle, a modification
of > 5° was considered significant (5, 21–23), while for ATR a modifi
cation of > 2° was considered significant (5, 23). In a previous study
we found a Cobb angel of 3° was the limit of detection of outcome,
taking into account intra-observer variations (17). Accordingly,
progression was considered clinically significant when it led to a
change of treatment (brace prescription), while it was deemed as
present when it was greater than the minimal detectable change
according to the instruments used. Secondary outcome measures
included the sagittal profile, which was assessed by measuring the
distance from the plumb-line at the C7 and L3 levels. The method
applied has already been validated, and its intra- and inter-operator
repeatability measured (24). We also calculated the compliance rate by
dividing the number of exercises sessions performed by the expected
frequency of 2 sessions per week.
Statistical analysis
The Cobb angle and the ATR were measured for each single curve,
and analysis was performed both for the single patients’ average of
curves and worst curve. The distribution of variables was first evalua
ted, and then a full set of paired sample comparisons employed, using
parametric or non-parametric tests, as appropriate. The t-test, MannWhitney U, Fisher’s exact and χ2 tests were used. A p-value < 0.05
was considered statistically significant.

Results
No statistically significant difference was found between the 2
groups at baseline for any of the scoliosis parameters. The number
of sessions per week was 2.0, min per session 48, and compliance
rate 95%. In addition, no difference was found between the 2
groups with respect to these parameters. There were 5 drop-outs:
2 females in the SEAS group and 3 (1 male) in the UP group.
Regarding the 11 braced patients, 81.8% were in the UP
group, and the difference between the groups was statistically
significant (braced patients comprising 6.1% of the SEAS
group vs 25.0% of the UP group) (Fig. 1). A worst-case analysis
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Fig. 1. Specific exercises reduce brace prescription in patients at risk:
in the UP (usual physiotherapy) group, 9 patients (25%) have been
braced due to progression, vs 2 (6%) in the SEAS (Scientific Exercises
Approach to Scoliosis) exercises group. The difference was statistically
significant (p < 0.05).

was performed, considering all drop-outs as braced patients,
and the statistical difference remained, while the percentages
of failures changed to 11.5% and 30.8% for the SEAS group
and UP group, respectively.
The Cobb angle improved in the SEAS group but worsened in
the UP group. Even if they are statistically significant (p < 0.05),
these changes cannot be considered clinically significant due
to their low values (Table I). Regarding the clinical changes on
an individual basis, in the SEAS group we found that 23.5%
of patients improved and 11.8% worsened in terms of Cobb
angle, vs 11.1% and 13.9%, respectively, in the UP group (Fig.
2a). Examining ATR, in the SEAS group 9.1% improved and
15.1% worsened vs 2.8% and 27.8%, respectively, in the UP
group (Fig. 2b). No statistically significant differences were
detected in the sagittal profile of the spine.
DISCUSSION
The main finding of this study is that specific personalized exercises are more effective than usual care with respect to countering
scoliosis and avoiding the prescription of a brace. For adolescent
patients, who comprise a group who are at risk of worsening
scoliosis, the more specific treatment (SEAS) led to significant
improvements in the mean values of all primary outcome measTable 1. Mean changes of Cobb angle and Angle of Trunk Rotation (ATR)
in the SEAS - Scientific Exercises Approach to Scoliosis exercises group
(SEAS group) and usual physiotherapy group (UP group)
Braced Patients
Efficacy
analysis

Worst-case
analysis

Cobb Cobb
M
AC

ATR
M

ATR
AC

SEAS 2/33 (6%)*
4/35 (11.5%)* –0.33 –0.67* –0.33 +0.12
group
UP
9/36 (25%)* 12/39 (30.8%)* +1.12 +1.38* +0.15 +0.52
group
*p < 0.05. Cobb M: changes of Cobb angle of the maximum curve;
Cobb AC: changes of Cobb angle of all curves; ATR M: changes of
ATR degrees of the maximum curve; ATR AC: changes of ATR degrees
of all curves. – reduction (improvement); + increase (worsening).

Fig. 2. (a) Number of patients radiographically changed (Cobb angle)
after treatment in the 2 groups. (b) Number of patients clinically changed
(Bunnell Angle of Trunk Rotation (ATR) (degrees)) after treatment in the
2 groups. UP: usual physiotherapy; SEAS Scientific Exercises Approach
to Scoliosis

ures. Considering the number of braces prescribed, the difference
was impressive: 81.8% of braces have been prescribed in the UP
group. This parameter documents the clinical value of SEAS and
confirms our previous preliminary results in a less homogeneous,
more select group of patients (14).
This study was a prospective controlled cohort observational
study performed with consecutive outpatients. Moreover, the
research was carried out in everyday clinical practice, which
has inherant advantages over the disadvantages of the absence
of randomization. These advantages include the fact that the
treating physicians and physiotherapists were not aware that
the study was being performed, and they were focused only on
the patient’ needs; this did not require (nor allowed) any blindness. Moreover, the study was based on the everyday feasibility
of the treatments, and the outcome parameters reflected the
clinical reality. Disadvantages included possible polarization
of the population (according to economic, geographic, or other
unknown factors) and the absence of blindness.
The main outcome considered (“brace prescription”) is
clearly not a fixed term, but is affected by many different individual factors due to the physician (e.g. choice of treatment,
fear of progression, etc.) and to the patient and family (e.g.
willingness to use a brace, fear of progression, etc.) (11). In
this respect the outcome “rate of bracing” is comparable to the
outcome “rate of surgery”, which is currently used in the literature as one of the main end-points of scoliosis treatment (25,
26). We are aware of these limitations, but, although inaccurate
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and affected by the prescribing physician’s attitude and the patient’s perception, “brace prescription” is a clear-cut change of
treatment, implying increased human and social costs; and, in
this respect, brace prescription can be considered an outcome,
particularly in a clinical everyday practice study such as this
one, where the physician is always the same and is focused on
the patient’s needs and not on the research results.
There are no published data on other exercise protocols that
might lead to a reduction in the rate of brace prescription, but
there are comparable data on radiographic results in controlled
studies (Table II). In a similar population, but using retrospective groups (not including drop-outs), Mollon & Rodot (27)
found, at the end of treatment with specific Lyon exercises,
that 63% of patients improved vs 20% in the control group.
Such data was confirmed in similar studies by Ducongé (28),
and by Klisic & Nicolic (29), who found that 58% improved
with exercises vs 23% and 26%, respectively, in controls. In
all of these studies, a change of ± 3° in the Cobb angle was
considered significant, which could explain why the authors
found only 5% of stable patients compared with our findings.
In order to compare our results with those published previously, we considered the proportion of patients who changed
at least 3° in either direction (Table II): this limit was chosen
to match that used in the previous papers (27–29), but was also
in agreement with a study we performed in which we found,
in these small degree curves, an intra-observer variation of
3° was significant to detect a change in either direction (17).
The rate of improvement in the UP group was similar to that
of the control groups reported above (28%), while the rate of
progression was slightly lower than that of the exercise groups
(28% vs 34–42%). This means that the UP group also had some
efficacy when compared with the literature. This holds true
even when taking into account the fact that our results refer
to one year of treatment, while previous studies refer to the
entire treatment period (3–4.7 years) (25–27). The number of
improved patients in the SEAS group was only slightly lower
than reported previously, while it appears that the number of
worsened patients has been reduced dramatically (to 13%). In
general, SEAS exercises have some reduction of efficacy (10%)
but are much “safer” (reducing failure by a factor of 2–3). If,
in the future, this result of SEAS is confirmed at the end of
Table II. Percentage of patients improved or worsened in our study and
in all comparable controlled studies in the literature. To compare our
results with those reported in the other studies, we considered individual
variations of 3 Cobb degrees as positive or negative changes.
Improved (%)

Worsened (%)

Study

Exercises

Controls

Exercises

Controls

Mollon & Rodot (27)
Klisic & Nikolic (29)
Ducongè (28)
Our study: SEAS
group
Our study: UP group

63
58
58
45

20
26
23

34
37
42
13

75
64
77

28

28

*p < 0.05. SEAS group: Scientific Exercises Approach to Scoliosis
(SEAS) exercises group; UP group: usual physiotherapy group.
– reduction (improvement); + increase (worsening).
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treatment, further research will be required into the technical
explanations for the types of exercises performed.
The other controlled studies in the literature, including the
only one whose results were negative (but which had the weakest methodology) (2, 30), and the only one that was prospective
and controlled (although it had different treatment teams) (31),
are not comparable because of the differences in methodology
and patient selection (2). Only one previous study compared 2
treatment protocols (32), but it found no difference according to
the protocol used. A multiple linear regression analysis for the
changes in Cobb angle as a function of compliance, physical
therapist and potentially confounding variables allows one to
detect that maximal participation in physical exercise therapy
(> 30 min per day), compared with minimal participation (< 10
min per day) could slow down or even halt the progression of
the deformity (difference between the groups of 9° Cobb).
Compared with other exercises (UP group), the most specific
exercises (SEAS group) showed a better effect in reducing
brace prescription at one year. This is an important goal of
therapy, particularly from the patient’s perspective (33). Bracing is a psychologically demanding treatment approach (34–37)
and compliance has proved to be a major issue (38, 39). The end
of bracing is a fixed point that corresponds to the end of growth,
so starting bracing one year later is an improvement because
it reduces the total time of this type of treatment. Moreover,
a new therapeutic tool (instead of simple observation or waitand-see) can reduce the use of other more invasive treatments,
and avoiding scoliosis progression will reduce the severity of
the condition of patients who do eventually need bracing. A
treatment that can reduce the use of another, more demanding,
treatment is always advisable, although future research should
also evaluate it in terms of cost vs benefits.
Certain limitations are implicit in the study, since the results
relate to only one year of treatment. Although this is usually the
most important year, and although this study shows that the use
of a brace has been reduced at least for one year in the SEAS
group, we will continue to follow these patients until they stop
growing. Another aspect is related to the UP group, which was
not a placebo group but included different kinds of treatments.
We cannot exclude that some patients could have worsened
due to poor treatment (although the results were better than
the control groups in other studies). Another limitation could
be the main measure of outcome. In fact, brace prescription by
the treating physician could have been influenced by knowing
the types of exercises performed by the patients.
This study is the first to have examined “brace prescription”
as an outcome, which is an important factor, both from the
patient’s perspective and in terms of cost. The study included
a worst-case analysis, in which all drop-outs were considered
as failures, and it is the first controlled prospective study
published in which both groups were observed by the same
physicians.
In conclusion, the results of this study confirm the effectiveness of exercises in adolescent scoliosis patients who are
at high risk of progression (2, 4, 5). Moreover, specific and
personalized treatment appears to be more effective than usual
physiotherapy in reducing the progression of scoliosis.
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