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ABSTRACT

Purpose: Scoliosis is a three-dimensional deformity of the spine in which the resulting imbalance

Article info: accompanied by the changes in muscle and nervous components can harm the postural control.

Received: 16 May 2018 i Various treatments have been suggested so far to correct scoliosis, in which using corrective
Accepted: 24 Oct 2018 . exercises along with brace are essential to limit the growing curvature, improve spine stability
Available Online: 01 Jan 2019 : and postural control, and reduce the degree of curvature.

Methods: Our case was a 14-year-old girl who had a 40-degree thoracic curve (T6 to T11) toward
the right and a 50-degree lumbar curvature (T12 to L4) toward the left. To evaluate her scoliosis,
we took side view radiography for 4 to 6 months. Also, we used balance master posturography
to assess the patient's postural control before and after the intervention. The patient's treatment
process included a long-term implementation of a corrective exercise protocol in 3 phases plus
using the Milwaukee brace.

Results: The Cobb angle in the kyphosis curve showed a 15-degree improvement. Also, the
Cobb angle showed a 32-degree correction in the thoracic curve and a 30-degree reduction in
the lumbar curve. A significant improvement was observed in all of the tests of postural control,
Exercise therapy, :  indicating improved balance and postural control of the subject during corrective exercises.
Adolescence idiopathic :
scoliosis, Balance, Posture,
Braces

Keywords:

Conclusion: Simultaneous using the brace and long-term corrective exercises with emphasis
on the improvement of postural control could be useful in improving the scoliosis curves in an
adolescent girl with idiopathic scoliosis.
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Highlights
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e A long-term corrective exercises program with using brace improves thoracic kyphosis curve in a 14-year-girl with

adolescence idiopathic scoliosis.

e A long-term corrective exercises program with using brace improves postural control factors in a 14-year-girl with

adolescence idiopathic scoliosis.

Plain Language Summary

The main goals of all therapeutic interventions are to restrict or stop the spine curvature increase in scoliosis and
its consequences. This case study showed that simultaneous use of a brace and long-term corrective exercises with
an emphasis on the development of postural control variables could be useful in correcting the scoliosis curves in an

adolescent girl with idiopathic scoliosis.

1. Introduction

coliosis is a three-Dimensional (3D) spi-

nal deformity that includes a lateral cur-

vature in frontal plate, vertebral rotation

in transverse plate, and possible increase

or decrease of thoracic and lumbar curves

in sagittal plane. As a result of this defor-
mity, the chest geometry and the symmetry of the trunk
changes [1, 2]. Changes in appearance and, in particu-
lar, elevation of the ribs and the scapula are the most
important causes of dissatisfaction among people with
Scoliosis, especially adolescents [3]. The most common
type of scoliosis (80-90%) is idiopathic scoliosis, whose
actiology is unclear. One of its types is Adolescent Id-
iopathic Scoliosis (AIS) that occurs during adolescence,
the rapid growth period [4]. Many theories have been
presented for the aetiology of AIS, including neuromus-
cular, growth, and genetic theories [5].

All hypotheses related to AIS sum up as follows: “The
normal spine in a growing person has a precise, precari-
ous, delicate mechanical balance. Asymmetrical changes
in primary structures, support structures, growth centers,
the position of the spine, and related neural or muscular
components can all result in the development of scolio-
sis” [1]. The lack of symmetry, along with changes in
neuromuscular components, can change the position of
the center of gravity and the distribution of weight on the
lower limbs. Therefore, it can be claimed that patients
with scoliosis have a lower balance and postural control
than their peers [6]. Hence, there is a possibility of pos-
tural control disorder and, consequently, the likelihood
of exacerbation of abnormalities or incidence of new ab-
normalities and their complications in people with sco-
liosis [7].

In general, some studies have reported that people with
scoliosis have a weaker postural control than those with
normal anatomy, especially when their visual and senso-
ry-motor systems are irritated. Also, some studies indi-
cate that the postural stability of people with scoliosis is
less than those with normal spinal curves, and they have
lower balance than healthy people. This is characterized
by increased posture sway in them relative to normal
people [8]. Although little studies have been carried out
on this relation, the contradictions and controversies be-
tween the previous studies are remarkable.

The treatment of idiopathic scoliosis depends on the
characteristics of deformity. Since the curve progression
in idiopathic scoliosis develops in most adolescents, the
main goals of all therapeutic interventions are to restrict
or stop curve progression, to restore trunk balance, and
to prevent its long-term complications [9-11]. Currently,
the common therapeutic interventions for AIS include
scoliosis-specific exercises, bracing, and surgery [12].
Of these, scoliosis-specific exercises are more accepted
and preferred by adolescents with scoliosis and their par-
ents than other methods [13, 14]. The scoliosis-specific
exercises are usually used to treat scoliosis curves of less
than 25° or 30°; however, this approach can be combined
with bracing technique to be used for curves with higher
Cobb angles [15].

Bracing is the use of an external support for the trunk.
Braces are often rigid and used to achieve maximum cor-
rection of scoliosis curve. The mechanical forces created
by the brace are used to straighten the spine and prevent
the pelvis and shoulder rotation in order to put the whole
body in the desired alignment [1]. Previous studies have
shown that the external and proprioceptive inputs re-
sulted from bracing change the unnatural loads applied
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to the spine and ribs, reduce asymmetrical movements,
and improve neuromuscular control. These all lead to the
proper spinal growth, neuromotor reorganization, and
changes in motor responses [16-18].

The use of brace is usually recommended for when the
curve is progressive or its Cobb angle has reached 30°
[15, 19]. However, if brace is used without corrective
exercises, there is a possibility of trunk muscles weak-
ness over time [1]. In some studies, increased Cobb an-
gle has also been reported in subjects, using only brace
treatment [20, 21]. In this regard, the aim of this study
was to investigate the simultaneous effect of a long-term
corrective exercise program and the use of Milwaukee
brace on Cobb angle and postural control of a teenage
girl with idiopathic scoliosis.

2. Materials and Methods

The present study is a case study that lasted 22 months.
It was started from February 10, 2016 when the patient
with idiopathic scoliosis was referred to the clinic of cor-
rective exercises at Red Crescent Rehabilitation Center
in Tehran with her parents, while having a booklet con-
taining training and corrective exercises related to sco-
liosis given by an orthopedic and spine surgeon as well
as the X-rays of the lumbar spine (anteroposterior and
lateral views). At the initial meeting, her comprehensive
posture assessment was carried out by a corrective exer-
cise specialist. It should be mentioned that, according to
the specialist and under the supervision of an orthotics
expert, the use of the Milwaukee brace had been recom-
mended.

Considering the patient’s history, in addition to 22-hour
use of brace, a corrective exercise program was designed
based on radiographic images and assessment of physi-
cal condition including the evaluation of trunk symmetry
and deformities of trunk, pelvis, and shoulder areas as
well as anteroposterior curvature of thoracic kyphosis
and lumbar lordosis, and lower extremities, including
leg posture and knee alignment. The patient performed
corrective exercises (details are provided in the next sec-
tions) under full supervision until February 10, 2018.
During 4 to 6 months, she was re-evaluated by a spine
specialist; then, she was radiographed and, if needed, she
received brace correction.

Study sample

The study sample was a 14-year-old female (at the time
of entering the study), who had idiopathic scoliosis (s-
shaped or double curve) according to an orthopedic and
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spine surgeon’s diagnosis. She had no history of chronic
diseases or orthopedic damages to the spine and lower
limb, and in her family, there was no history of spinal
cord disease and, particularly, the history of scoliosis.
She was an 8th grade student, who, according to Iran’s
Education System, spends about 7 hours a day (on aver-
age) at school sitting at her desk. She performs most of
her daily activities normally with no complaint or pain.
Her parents accidentally noticed the asymmetry in the
posterior side of her trunk, and after referring to a doctor
and taking X-rays on June 25, 2015, they realized that
she had scoliosis. Based on the determination of Cobb
angle using the X-rays of the entire spine in the antero-
posterior view, she had a 35-degree thoracic curvature
(T6 to T11) and a 34-degree lumbar curvature (T12 to
L4). However, despite the presence of scoliosis and the
recommendations of the physician, no proper follow-up
was performed by the patient and her parents. Seven
months later, the X-rays were taken at the same center
with view similar to the previous X-rays. The scoliosis
curves at this time (after about 7 months) had a signifi-
cant progression, and the person returned to the spinal
surgeon, where bracing and corrective exercises were
prescribed.

Assessment

In this study, the Cobb angle was measured by process-
ing the anteroposterior and lateral X-rays according to
the physician’s instructions. The observational posture
of the subject was assessed to determine the symmetry
and alignment of the shoulders and pelvis, thoracic and
lumbar protrusions (humps), and the evaluation of pos-
tural control, using a posturography device (Balance
Master, NeuroCom Inc, USA). This device is a gold
standard for the diagnosis of balance problems with
clear and unclear aetiology. With this device, the ability
of patient in using visual, vestibular, and somatosensory
information is evaluated. This machine, by manipulat-
ing the sensory inputs needed for postural control and
maintaining balance in 6 different positions, assesses the
efficiency of each of these sensory resources in receiv-
ing and transmitting sensory data to the central nervous
system under perturbations with open and closed eyes. It
includes a dynamic force plate capable of rotation used
to quantify the vertical forces of the patient’s foot in or-
der to measure the movement of the center of mass and
the postural control. There is also a moving plate around
the device to measure the patient’s ability to use visual
information to maintain balance.

In the present study, 5 assessment protocols, using
this device, were employed to check the postural con-
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trol of the patient, which include Sensory Organization
Test (SOT), adaptability test, weight-bearing test dur-
ing squat, One-Legged Stance Test (OLST), and motion
control test. Posture control assessments were performed
at the beginning and at the end of the intervention.

In the first stage of evaluation conducted by processing
the first X-rays on February 01, 2016, it was revealed
that the patient had a 40-degree thoracic curvature (T6 to
T11) toward the right and a 50-degree lumbar curvature
(T12 to L4) toward the left. An asymmetry in the pel-
vic area was also observed, where the right pelvis was
8 mm higher than the left pelvis. The left shoulder was
slightly lower than the right shoulder; this asymmetry
and non-alignment in the pelvic and shoulder areas were
consistent with the patient’s scoliosis curves pattern. The
vertebral rotation to the left in the thoracic region, and to
the right in lumbar region was clearly visible such that
with the implementation of Adam’s bending test, a rib
hump was observed in the right thoracic curve and in the
left thoracic-lumbar curve. A slight increase was also ob-
served in the spinal curve (45°) from the side view. Also,
according to the diagnosis of relevant specialist, the
vertebral growth plates were not completed at this time
(Risser sign=3). Additional tests for assessing the range
of motion in the spine, shoulders, and pelvis showed a
natural state. According to the recommendations of the
physician, individual assessments were repeated every
4 to 6 months to receive appropriate feedback for brace
modification.

Intervention

The treatment process began from February 18, 2016
with the prescription of brace and continued by refer-
ral to the clinic of corrective exercises at Red Crescent
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Rehabilitation Center for performing training program.
The used brace was a Milwaukee brace, whose condition
was monitored during treatment under the supervision of
a specialist and according to radiographic images, and
if necessary, modifications were made. Generally, brace
is required to be worn for a significant period (at least
20 hours) and the bracing treatment usually often lasts
several years; that is, until the bone growth stops. This
time is almost 16 years for girls and 18 years for boys
[22]. According to the spine specialist, the use of brace
in the first week was 8 hours a day, and from the second
week every day, 2 hours was added to the time of use. At
the end of the third week, it reached about 22 hours. The
patient was allowed to open the brace 1 hour for bathing
and 1 hour for performing corrective exercises.

The corrective exercises were designed in 3 phases; at
the first phase, the subject became familiar with her ab-
normality and subsequent musculoskeletal changes [23].
The exercises in this phase mostly focused on increasing
the subject’s awareness of being in an appropriate and
symmetrical physical condition. Exercise for increas-
ing spine length and core stability was also carried out
in this phase. Previous studies have already shown the
need for exercises to increase the spin length and core
stability in adolescents with idiopathic scoliosis [24, 25].
At the early stages, only isometric muscle contractions
were taken in static positions along with maintaining the
proper alignment of the trunk, and the patient tried to
control the target muscles consciously, so that, at the end,
it can improve the proprioceptive sense and normalize
the alignment of head, shoulders, spine, and pelvis. The
exercises in this phase included 4 stretching and trunk
lengthening exercises [26] and 4 core stability exercises

Table 1. Strengthening/ stretching exercises (the first phase of intervention)

Exercises Details
1 Stretching spine and trunk while sitting in a chair
2 Stretching spine and trunk while hanging from a training ladder
3 Rolling trunk (stretching trunk down and forward using an exercise roll).
4 Symmetric stretching of the trunk and spine in standing position
5 Isometric contraction of the abdominal muscles while lying down
6 Isometric contraction of the abdominal muscles with opposite arm/leg raise
7 Supine bridge (co-contradiction of the trunk core muscles)
8 Cycling in the air while lying down

PHYSICAL TREATMENTS
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Table 2. Auto-correction/3D exercises (the second phase of intervention)

Exercises Details
1 Simple 3D exercise in a lying position
2 Self-correction in sitting position (SEAS exercise 1)
3 Self-correction in standing position (SEAS exercise 2)
4 Self-correction while leaning forward (SEAS exercise 3)
5 Self-correction while sitting on a chair with a pole planted on the ground (SEAS exercise 4)
6 Stretching out of the training ladder and correcting the spinal alignment (Schroth exercise 1)
7 Muscle cylinder in standing position (Schroth exercise 2)
8 Hip strengthening exercise in the front of a training ladder (Schroth exercise 3)
9 Bending the thigh in side-lying position (Schroth exercise 4)
10 Pulling the shoulder back to inside+ muscle cylinder in side-lying position (Schroth exercise 5)

(Table 1). The subject performed them under supervision
for 3 months at 3 sessions.

At the second phase, the patient performed auto-correction
and 3D exercises consistent with Schroth exercises and Scien-
tific Exercise Approach to Scoliosis (SEAS). Recently, there has
been some positive evidences in support of SEAS. Schroth exer-
cises also have been used in many studies. In both methods, one
of the most important goals of the exercises is to train the subject
to restore the body to a suitable condition [27, 28]. At the be-
ginning of this phase, the subject had isometric muscle contrac-
tions for auto-correction of the curves by returning the curved
spin back to normal position and reducing the vertebral rotation
without bearing weight. Over time and with the patient’s more
mastery on how to perform self-correction in different positions,
the state of exercise was changed to sitting and standing. Also,
3D exercises were based on exercises designed in 3 movement
directions [26]. The exercises in this phase included 10 self-cor-
rection and 3D exercises for 12 months (Table 2).

Table 3. Functional exercises combined with daily tasks

PHYSICAL TREATMENTS

At the third phase and after mastering how to perform
auto-correction and 3D exercises, the patient performed
functional exercises; that is, she performed self-correc-
tion in different positions on balance boards, practice
balls, or while walking. This phase was designed to en-
gage ever more proprioceptive sense receptors in exer-
cises, to transfer the posture’s correctional states from
static to dynamic, and finally to transfer the correct
posture to the daily living activities. The exercises in
this phase included 6 exercises lasting 6 months (Table
3). Although the number of exercises at this phase was
lower compared to the other phases, considering the
high number of repetitions, the duration of exercises,
and the amount of exercises at this phase was more.
All exercises were performed during the treatment pe-
riod (22 months), at least 3 sessions per week under
the supervision of a corrective exercise specialist and 2
sessions per week at home.

Exercises Details
1 Balance and sensory-motor exercises on balance board and unstable surfaces
2 Positioning the spin in dynamic physical conditions such as sitting, standing, etc. (SEAS exercise)
3 Positioning the spin in dynamic physical conditions such as wall push-up and single leg stance (SEAS exercise)
4 3D correction of spinal alignment in sitting position (on chair/ Swiss ball)
5 3D correction of spinal alignment in sitting position (on stable/unstable surfaces)
6 Schroth walking

PHYSICAL TREATMENTS
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3. Results
Cobb angles in sagittal and frontal plates

Based on the processing of X-ray images (from Febru-
ary 01, 2016 to November 22, 2017), the Cobb angle of
the thoracic kyphosis in the patient showed a decrease
of 15° at the end of the treatment period. Moreover, the
Cobb angle of upper scoliosis reduced as 32° and for

PHYSICAL TREATMENTS

lower scoliosis curve, it showed a 30-degree decrease.
The results of Cobb angle measurement in sagittal and
frontal plates during the treatment period are presented
in Table 4. The X-rays of kyphosis and scoliosis curves
of the patient before and after intervention are shown in
Figure 1. The measurement of Cobb angles by the spe-
cialist and clinical therapist in pre- and post-test phases
was conducted in a 4- to 6-month interval.

PHYSICAL TREATMENTS

Figure 1. X-rays of Kyphosis and scoliosis curves before (a & b) and after intervention (c & d)

A. 45-degree thoracic kyphosis; B. 40-degree thoracic scoliosis and 50-degree lumbar scoliosis; C. 30-degree thoracic kyphosis;

E. 10-degree thoracic scoliosis and 20-degree lumbar scoliosis
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Table 4. Changes in Cobb's angles in radiographic assessments

January 2019. Volume 9. Number 1

Radiographic Examination Period

Cobb Angle
Feb 01, 2016 Jul 13, 2016 Nov 13, 2016 Jul 24, 2017 Nov 22, 2017
Cobb angle of thoracic kyphosis 45° 45° 30° 30° 30°
Cobb angle of thoracic scoliosis 42° 42° 35° 30° 10°
Cobb angle of lumbar scoliosis 50° 45° 34° 36° 20°

Static and dynamic balance and postural control

The results of testing postural control and static and
dynamic balance of the subject, using 5 methods mea-
sured by Balance Master System, are presented in Table
5. The SOT results showed a significant increase in the
patient’s balance scores, indicating improved balance
and postural control after performing corrective exercis-
es. Motion control test results showed a decrease in la-
tency response to motor perturbations. The magnitude of
motor response to perturbations under adaptability test
was also reduced. These changes indicate an increase in
the patient’s ability to create a fast and proper motor re-
sponse to external perturbations disturbing the balance.
Furthermore, according to weight-bearing test results,

Table 5. Balance and postural control test results

PHYSICAL TREATMENTS

no changes in the status of the patient have been made
before and after intervention, but in both stages, her con-
dition in bearing weight was normal. Under OLST, her
sway velocity was significantly reduced, which can be
indicative of her increased ability to maintain balance
and control the posture when standing on one leg.

4. Discussion

The aim of this study was to evaluate the effectiveness
of a long-term corrective exercises along with wearing
Milwaukee brace on reducing the Cobb angle and im-
proving the postural control of an adolescent girl with
idiopathic scoliosis. The results of the study showed a
significant improvement in Cobb angle in sagittal (ky-

Balance and Postural Control Tests At the Beginning At the End
Total balance 58 71
SoT Static balance 90.2 93
Dynamic balance 40.3 59.4
Motion control test (Latency in ms) 150 140
Adaptability test (magnitude of motor response to perturbations) 50.2 48.8
Right leg=45 Right leg=45
30°
Left leg=55 Left leg=55
Weight-bearing test during squat (percentage of weight-bearing on o Right leg=47 Right leg=47
both legs) Left leg=53 Left leg=53
Right leg=46 Right leg=46
90°
Left leg=54 Left leg=54
Left foot/eyes open 1 0.7
Left foot/eyes closed 2.3 1.5
OLST (sway velocity in degrees/s)
Right foot/eyes open 0.8 1.2
Right foot/eyes closed 2.6 2.4
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phosis) and frontal (scoliosis) plates. The goal of AIS
treatment is to prevent the development of curvature
by up to 50°, where there is a risk of increase in adult-
hood. Therefore, if the curvature reaches 50° during
adolescence, surgery is generally recommended as a
therapeutic method [29]. However, many affected ado-
lescent and their parents tend to have therapies other
than surgery. One of these methods is bracing, which
is an accepted technique for preventing curvature pro-
gression [30]. However, the success rate of bracing has
been reported 72% [13]; this means that many people
with scoliosis, despite bracing and if they fail to slow
or control the progression of curvature after the growth
period and closure of spinal growth plates, have to
undergo surgery. Meanwhile, scoliosis-specific exer-
cises are well accepted by adolescents with idiopathic
scoliosis and their parents [13]. Several randomized
controlled trials have reported positive effects of cor-
rective exercises on reducing curvature progression
and improving trunk cosmetic appearance and quality
of life [14, 31, 32], although in these studies, subjects
had different characteristics and were heterogeneous.
For example, subjects were at different skeletal matu-
rity stages, or some studies used non-standard methods
with low reliability for measurement. Therefore, the
effectiveness of these exercises remains unclear when
the curvature progression is high [29].

Many similar studies have either focused on the effec-
tiveness of exercises or have only examined the effects
of using brace [12, 27]. Only a few studies have exam-
ined the effectiveness of bracing combined with cor-
rective exercises in long-term periods [14, 29]. Among
these studies, only Kwan et al.’s study examined the ef-
fect of exercises during bracing [29]. Zheng et al. only
compared the effectiveness of bracing and exercises in
patients with AIS and finally reported significant im-
provement in each study group [33]. According to the
results of the previous studies, it seems that the best non-
surgical treatment for AIS is the simultaneous use of ex-
ercises and bracing [3, 34].

Based on the results of the present study, during 22
months of performing corrective exercises under special-
ist’s supervision and simultaneously wearing the Mil-
waukee brace, the degree of scoliosis curve in the patient
significantly decreased. This result is consistent with the
results of a study conducted by Negrini et al. [35]. In this
study, the degree of scoliosis in the patient was reported
42° for thoracic scoliosis and 50° for lumbar scoliosis.

Another important point in this study was the imple-
mentation of a long-term corrective protocol. Many of
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the previous studies have carried out short-term treat-
ment courses from 6 to 12 weeks [36, 37], but due to the
progression of curvature in many adolescents, the use
of short-term courses will not have much effect. Even
if we see a positive effect in the short term, there will be
a risk of curve re-progression during the growth period
and until the closure of spinal growth plates. Only in a
study carried out by Zheng et al. [33], a longer treatment
period (12 weeks) was used.

Another factor evaluated in this study was the evaluation
of postural control, using SOT, OLST, adaptability, and
motion control tests, using a posturography device. Based
on the results, there was a significant improvement in the
relevant variables in the patient. Following adverse bio-
mechanical changes in the posture, including changes in
the center of mass and stretch marks, changes in balance
postural and control variables are also expected, which
can increase curvature or cause secondary problems such
as pain, muscle spasm, postural asymmetry, and muscle
imbalance in areas other than the spine [6, 8]. Therefore, it
seems that the examination of postural control during the
evaluation and treatment of the spine alignment can reveal
useful information about body symmetry and the distribu-
tion of the weight in a patient with scoliosis. On the other
hand, if a person cannot maintain his/her physical condi-
tion in static and dynamic situations due to disturbance in
the postural control mechanisms, s/he cannot benefit from
the effects of these therapies [36].

One of the features of corrective exercises in patients
with scoliosis is the use of 3D exercises with the aim
of restoring a desired spine alignment, which is usually
used to achieve muscle balance. It seems that this restor-
ing affects postural control, and postural control impair-
ment may cause postural deviations or exacerbations of
postural abnormalities in these patients. In this regard,
in the current study, as well as the Cobb angle measure-
ment, postural control of the patient in different static
and dynamic situations was evaluated with the aim of
examining the dominant strategies and the sway velocity
of the trunk in sagittal and frontal plates.

As expected, in addition to the improvement in Cobb
angle, the balance also improved. This may, because of
the reduction of spine inclination to kyphosis and scolio-
sis curves and improvement in trunk symmetry, weight
distribution and neuromuscular control following the
corrective exercises (dynamic approach) and bracing
(static approach). On the other hand, due to the nature
of balance exercises performed at the third phase of the
program, it seems that the patient’s abilities in optimal
use of proprioceptive inputs involved in postural con-
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trol have improved. Therefore, the subject is expected to
have more control over her physical condition while per-
forming daily tasks, and this may be effective in improv-
ing the progression of the patient’s postural alignment.

In general, this case study showed that the simultane-
ous use of bracing and long-term corrective exercises
with emphasis on the development of postural control
variables was effective in improving the scoliosis curves
of an adolescent girl with idiopathic scoliosis. However,
it is important to note that despite the positive results in
this study, the results of a case study cannot be general-
ized to all individuals. Although, using these results, it
can be argued that in some adolescents with idiopathic
scoliosis, it is better to consider other treatment options
before surgery. On the other hand, the exercise protocol
presented in this case study may be used to treat some
adolescents with idiopathic scoliosis that are similar to
those of the present study. Hence, it is recommended
that, to achieve reliable scientific evidences, more ran-
domized controlled trials should be conducted with the
simultaneous use of corrective exercises and bracing in
adolescents with idiopathic scoliosis and their long-term
outcomes should be examined.
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