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Abstract: Background: Adolescent Idiopathic Scoliosis (AIS) patients have been found to exhibit
cortical asymmetry. This study aimed to examine the impact of conservative treatments on
perceptual and cognitive asymmetry in the auditory system of AIS patients with thoracic major
curve. Method: The study involved 30 AIS patients and 21 healthy subjects. The intervention group
used a Cheneau brace and performed 18 Schroth Best Practice (SBP) exercise sessions. Auditory
lateralization was assessed with a Dichotic Listening Paradigm (DLP) in both groups before and
after the intervention. Results: The six-week intervention resulted in a significant increase in left ear
responses in the force-left condition in the AIS (p<0.05). Left ear responses were lower in AIS at
baseline (p<0.05). Sixth-week results were similar in all conditions (p>0.05). Conclusion: The results
of this study demonstrated that SBP exercises and Cheneau brace treatment can improve perceptual
and cognitive asymmetry in the auditory system in AIS patients with thoracic major curve. Scoliosis-
associated changes in the spine and postural control may affect auditory perception by causing
adaptations in sensory and motor networks. Future studies are needed to examine the connectivity
in brain regions related to motor control and auditory processing after conservative treatment.
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1. Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional spine deformity. It is the most
common type of scoliosis during rapid growth [1]. The etiopathogenesis of AIS is still unknown, but
it is considered a multi-etiologic situation [2]. Studies on neurological etiological mechanisms among
these multiple etiologies have compared patients with AIS with healthy controls or patients with
progressive curvature and patients with scoliosis without progressive curvature type [2—4]. These
studies generally include electroencephalography, magnetic resonance imaging (MRI) and
transcutaneous electrical stimulation. Asymmetries in various brain structures, brain volume
differences, changes in anatomical structures and neurological anomalies have been determined.
Musculoskeletal, postural, and sensory-motor asymmetries may accompany neurological
asymmetries in AIS [5,6].

In patients with AIS, cortical enlargement has been observed mainly in motor and vestibular
areas, and the cortex in the right hemisphere appears thinner than in the left hemisphere [5].
Domenech et al. stated normal cortico-cortical inhibition in coordination with transcranial magnetic
stimulation on the concave side, whereas a significant decrease was observed on the concave side [7].
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Liu et al. found volumetric changes in 22 brain sections using magnetic resonance [8]. Joly et al.
reported that they encountered a right thoracic and right thoracic-left lumbar curvature pattern with
a corpus callosum located at a lower level [9]. Observing increased blood oxygenation levels due to
motor activity in contra-lateral complementary motor regions in AIS supports interhemispheric
asymmetry [10]. Robb et al. reported that patients with AIS showed a difference in brain
responsiveness, showing similar electroencephalography (EEG) results to the control group [11]. At
the same time, pathological abnormality in subcortical structures may be present due to increased
low-frequency brain activity and proximal activity in patients with AIS [12,13]. Pathological EEG
results were found in the contralateral hemisphere in AIS patients with lumbar curvature, the
ipsilateral hemisphere in patients with thoracolumbar curvature, and the bilateral hemisphere in
patients with thoracic curvature [13]. Pinchuk et al. reported increased bioelectrical activity in the left
hemisphere, especially in the left thalamus [14]. Cristancho et al. reported in systematic review that
in the neurological response to idiopathic scoliosis, sensory-cortical integration of interactions may
cause progression of the deformity by allowing modifications at the postural level to provide an
initial compensation in the sagittal region [15]. In an another systematic review of vestibular
morphological asymmetries, Cortés-Pérez et al. pointed out that it is difficult to determine which
factor is the cause and which is the result [16]. Since the etiopathogenesis of AIS is limited, the
inability to explain the cause-effect relationship may indirectly affect the effectiveness of treatment
approaches.

In addition to these neuroimaging techniques, perceptional and cognitive asymmetries at the
cortical level are narrowly assessed by the Dichotic Listening Paradigm (DLP). In DLP, first applied
by Kimura, one of the two separate audio stimuli is presented synchronously in each ear. Sounds
heard in the right ear go directly to the contralateral auditory cortex, while sounds heard in the left
ear go to the contralateral auditory cortex and are indirectly transmitted to the ipsilateral auditory
cortex [17-19].

Goldberg et al., evaluating asymmetry with DLP without attention to any ear, stated that right
ear advantage was higher in AIS than healthy controls [20]. AIS with progressive scoliosis had lower
left hemisphere dominance than with non-progressive scoliosis, according to Enslein and Chan [21].
In these two studies, DLP was performed in the none-forced (NF) condition, while Akcay et al.
examined auditory lateralization in the forced-right (FR) and forced-left (FL) [22]. In FR, the typical
response pattern follows a contralateral brain tract synergistically. The FL condition is more
demanding and uses more expressive cognitive strategies [23,24]. Therefore, shifting attention to one
ear involves different cognitive processes and provides information about corpus callosum function
and hemispheric integration [25]. Akcay et al. demonstrated that in FL condition patients with AIS
could not direct their attention to the left side and asymmetry did not differentiate according to the
curvature type [22]. In all of the studies in which AIS patients were evaluated with DLP, asymmetries
in the auditory system were reported [20-22].

Conservative approaches in AIS include exercise and brace treatment. High-level evidence
[26,27] shows that Schroth and Schroth Best Practice (SBP) exercises and Cheneau brace treatment
effectively improve quality of life and reduce Cobb angle [28-30]. Although patients with AIS have
asymmetry cortical levels, there is no research on how conservative treatments affect cerebellar
functional organization.

Therefore, this study aimed to investigate the effect of conservative treatments on perceptual
and cognitive asymmetry in the auditory system of AIS patients with thoracic major curve.

2. Materials and Methods

Study was designed as a case-control study. Individuals diagnosed with AIS who were referred
to our department between January and July 2023 were included as the intervention group, and
healthy participants were included as the control group. Ethical approval was received from the
Ethics Committee of Bandirma Onyedi Eyliil University (Number: 19.12.2022-261, Date: 19.12.2022).
The participants and one of their parents signed the informed consent forms.
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The inclusion criteria for the intervention group were to have been diagnosed with AIS, to be
between 10-16 years of age, to have a Cobb angle between 20° and 50° and a Risser's sign between 0-
3, to have right thoracic scoliosis, right-handed, no previous treatment that may affect scoliosis, and
to have no chronic disease requiring the use of medication; for the control group, participants aged
10-16 years were included. In both groups, previous spinal operation, hearing loss, presence of other
muscular, neurological and rheumatic diseases were excluded.

The study included 30 AIS patients and 21 healthy subjects, and the flow diagram of the study
is given in Figure 1.
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Figure 1. Flow diagram of the participants.

2.1. Assessments:

The degree of curvature in the coronal plane was evaluated according to the Cobb method. The
Cobb, considered the gold standard, is the angle between the intersection of perpendiculars
descending from the top of the curve along the upper endplate of the uppermost oblique vertebra
and the intersection of lines drawn under the lower endplate of the lowermost oblique vertebra [31].
In this study, the Cobb angle was determined by measuring it on the X-ray, which was routinely
requested by the physician, and no extra x-ray was requested after the end of the 6t week of
treatment, except for the routinely requested X-ray.

Risser sign was evaluated as closure of the growth plates of the iliac crest on X-ray. The
epiphyseal plate starts at the lateral edge of the spina illicia anterior superior, progresses medially,
and is completed at the spina illicia posterior superior. The degree of completion is expressed as a
percentage: Grade 1< 25%, Grade 2 26-50%, Grade 3 51-75%, and Grade 4 75-100%. When the
epiphysis merges with the ilium, it is defined as Grade 5 [32].

The topographic classification was widely used for classifying curvature patterns in AIS for
conservative treatment according to 2016 SOSORT guideline. The topographic classification is based
on the spinal segment where the curve's apex is located and is classified as cervical, cervicothoracic,
thoracic, lumbar and lumbosacral. [33]. This study included individuals with a thoracic curvature
pattern in which the curve's apex was between thoracic vertebrae 1 and 12. Although Akcay et al.
reported that perceptional asymmetry might not depend on the type of curvature [22], only patients
with AIS with right thoracic major curve patterns were included in this study to make the group more
homogeneous.

The Edinburgh hand preference questionnaire was used to determine participants' hand dominance.
The preferred hand was questioned in writing, drawing, throwing objects, using scissors, brushing
teeth, using a knife, using a spoon, using a broom, lighting matches and opening boxes [34].
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The Dichotic Listening Paradigm is a method that provides behavioral information to determine
auditory system asymmetry and is reliable for use with adolescents [35]. The DLP was implemented
in both groups at baseline and the end of week 6 in a seated position with eyes open in a quiet room.
In this paradigm, syllable of ba, da, ga, pa, ta, and ka were utilized, which were standardized by
Dokuz Eyliil University Music Sciences Voice Studio for Turkish society [36].

Thirty heteronyms and six homogeneous combinations were used, and stimuli were applied
randomly in the 3-6 s band. Using Sony CDR50 headphones, 36 pairs of binary syllables were
obtained. The duration of session was 7.5 min, approximately 25-30 min. There were three different
conditions in the standard DL paradigm. In the NF condition, participants were requested to declare
their best hearing. In the FR, participants listened with their right ear; they listened with their left ear
in the FL condition (Figure 2).

Right Ear Right Ear Right Ear

Ta Ba Da Ta Da Ba
Ka T Da Ga » Ka Ta . Ka
Ga ! Ga Ta 4 Ga Ba j Ga
Ta /Pa  Ba /) Ta Ta / Pa
Da Ta Ka “ Da Da Ga
Ba Ka Ta Ba Ba Ka

Non Forced Condition Forced Right Condition Forced Left Condition

(No Attention) (Attention to right ear) (Attention to left ear)

Figure 2. The Dichotic Listening Paradigm's Non-Forced, Forced Right and Forced Left Conditions.

Calculating the proportion of correct responses in the right to correct answers in the left was
used to measure right-left asymmetry. The resulting score was understood as an increase in
asymmetry as it moved away from 1 (or a decrease in asymmetry as it approached 1).

The IBM Statistical Package for Social Science (SPSS) for Windows version 20.0 was used to analyze
the study's data. Descriptive statistics, including means, standard deviations, and minimum and
maximum values, were analyzed for demographics, including age, height, weight, BMI, and Cobb
angle values.

To ascertain whether the data had a normal distribution, the Shapiro-Wilk test was applied.

As a result, a parametric independent samples t-test was used to compare group differences for
baseline values.

By using differences were analyzed between groups at baseline and 6th week.

Intra-group comparisons at baseline and 6th week were analyzed with Paired Sample T-tests.

Inter-group comparisons were performed with Independent Samples T-test

The threshold for p-significance was set at less than 0.05 in each statistical analysis.

2.2. Intervention:

The intervention group used braces and engaged in Schroth Best Practice exercises under the
guidance of the same physiotherapist.

The Schroth Best Practice exercise is the most recent iteration of the Schroth method, which was
developed by Dr. Weiss, in light of current scientific knowledge. Dr. Weiss modified the original
technique to make the exercise patterns applicable to smaller curves and added sagittal plane
corrections, activities of daily living, and bracing to create a comprehensive treatment plan. The
Schroth Best Practice consists of seven modules, including the physio-logic® program for correction
of the sagittal profile, training in activities of daily living, the "3D-made easy" program, the new
"Power Schroth" program, gait rehabilitation and neuromobilisation. Physiologic exercises to correct
the sagittal plane are essential to the program. Daily living activities training aims to internalize the
corrective posture by using it daily. In Power Schroth exercise, active corrections are made after
teaching the starting position, followed by rotational breathing technique and stabilization (Figure
3). Gait rehabilitation was made specific to the curve pattern, and its maintenance in daily life was
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required [37]. All modules of the SBP program were implemented for the participants. There were 18
sessions, each lasting 90 minutes, for the exercise training.

Ch

Figure 3. Schroth Best Practice exercise examples.

Specially designed rigid, asymmetric Cheneau braces were used in accordance with the curvature
characteristics of each AIS patient. The brace treatment protocol consisted of wearing the brace for 23
hours daily and removing it for 1 hour for personal care. The duration of brace wearing was checked
by asking patients and families.

3. Results

Table 1 presents the distribution the of the demographic traits among the groups. Age, height,
weight, and body mass index (BMI) did not differ (p> 0.05) (Table 1). There were 24 girls and 6 boys
in the AIS patients and 16 girls and 5 boys in the control. In addition, the mean Cobb angles of the
patients with AIS at the time of presentation to the department were 34.00° + 5.44°. After completing
6 weeks of exercise therapy, the mean Cobb angles on routine X-rays were 28.93° + 9.50°. A decrease
in Cobb angle was detected after Schroth Best Practice exercises (p:0.000).

Table 1. Participants' demographic characteristics.

Intervention Group (n:30) Control Group (n:21)
Mean = SD (min - max) Mean = SD (min - max) t P
Age (years) 13.33 + 1.42 (10.00-16.00) 13.33 + 1.06 (11.00-15.00) 0.000 1.000
Height (cm)  157.90 +9.42 (138.00-173.00) 157.04 + 8.35 (140-171) 0.333 0.741
Weight (kg) 47.10 + 7.58 (32.00-69.00) 46.38 +7.90 (30.00-61.00) 0.328 0.745
BMI (kg/m?) 18.88 + 2.48 (13.90-24.40) 18.39 +2.29 (14.30-23.00) 0.720 0.475

cm: centimeter, kg: kilogram, SD: Standard deviation, min: minimum, max: maximum.

Intra-group comparisons at baseline and 6th week showed no significant differences in any DLP
results in the control (p>0,05). In contrast, in the AIS group, there was a significant statistical increase
only left ear responses in the FL condition (p<0,05) (Table 2).

Inter-group DLP results at baseline, only left ear responses were significantly lower in the AIS
group for all DLP conditions (p<0.05). The 6t week results were similar in all conditions (p>0.05). The
ratio of right and left responses was statistically significantly higher in the AIS at baseline only in the
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NF condition (p<0.01), but this significant difference was not observed in the 6th-week results

(p>0.05).
Table 2. Intra and inter-group comparisons of dichotic listening paradigm results.
Intervention (n:30) Control (n:21)
Mean * SD (min - max) P Mean * SD (min - max) P po

NF  Right Baseline 14.30 + 3.27 (9.00-23.00) 0.305 13.66 +2.12 (10.00-18.00) 0.135 0.407
Ear 6t week 13.36 + 4.72 (1.00-23.00) 13.90 + 1.78 (11.00-18.00) 0.573
NF Left Ear Baseline 7.03 £ 2.45 (3.00-12.00) 0.058 9.04 +1.96 (5.00-12.00) 0.055  0,003**

6th week 8.86 + 4.80 (1.00-24.00) 8.76 +1.84 (4.00-12.00) 0.914
NF right ear Baseline 249 +1.63 (1.10-7.67) 0.878 1.62 +0.62 (1.00-3.00) 0.065  0.012*
/ left ear 6th week 2.58 +4.01 (0.04-23.00) 1.70 + 0.64 (1.08-3.50) 0.328

. Baseline 14.56 + 4.65 (9.00-26.00) 0.113 15.04 + 3.07 (10.00-21.00) 0.358 0.659

FR Right Ear

6th week 13.00 +5.01 (3.00-22.00) 15.23 + 2.94 (10.00-21.00) 0.055

Baseline 6.33 + 3,12 (1.00-14.00) 0.093 7.76 +1.33 (5.00-9.00) 0.789  0.031*
FR Left Ear

6th week 7.70 £ 3.26 (1.00-19.00) 7.71 £ 1.58 (5.00-10.00) 0.985
FR right ear Baseline 3.78 £4.85 (0.60-25.00) 0.150 2.05+0.73 (1.11-3.50) 0.065 0.062
/ left ear 6th week 2.48 +3.78 (0.16-22) 2.21 +0.86 (1.10-4.00) 0.678

. Baseline 12.60 + 4.95 (3.00-20.00) 0.70 11.61 + 2.61 (7.00-17.00) 0.267 0.364

FL Right Ear

6th week 10.73 + 4.34 (2.00-22.00) 12.19 + 3.12 (7.00-19.00) 0.195
FL Left Bar Baseline 8.33 + 3.81 (2.00-17.00) 0.022* 11.28 £1.92 (6.00-15.00) 0.629 0.001**

6th week 10.77 + 4.84 (2.00-20.00) 11.61 +2.61 (5.00-16.00) 0.654
FL left ear / Baseline 0.92 +1.04 (0.10-5.67) 0.135 0.96 +0.33 (0.10-1.57) 0.516 0.864
right ear 6th week 1.54 +1.95 (0.11-9.50) 0.93 +0.33 (0.33-1.71) 0.106

SD: Standard deviation, NF: non-forced (Without directing attention to any ear), FR: forced-right
(attention to the right ear), FL: forced-left (attention to the left ear), P2: Paired Samle T Test values,
Pb:Independent Sample T Test values. *: p <0.05, **:p < 0.01.

4. Discussion

The present study investigated the effects of SBP exercises and brace treatment on cognitive
asymmetry in AIS patients. Results of this study demonstrated that 18 sessions of SBP exercises and
brace treatment might improve the perception of left ear stimuli in AIS patients. Furthermore, it was
concluded that while left ear responses were less than healthy individuals in all DLP conditions
before the treatment, they were similar to the responses of healthy individuals after the treatment.

The framework of the DLP is perceptual and cognitive lateralization in the auditory system,
where each hemisphere of the brain competes at particular cognitive tasks. When stimuli are
presented to both ears, participants in the NF condition report more information coming from the
right, demonstrating left hemisphere dominance for processing. In the FR condition, right ear
advantage increased as a result of attention to the right ear, which followed a bottom-up bias towards
the right ear stimulus. A bottom-up asymmetry in language processing is observed in the FR when
attention to the left ear synergistically follows the brain's contralateral pathway. As a result, every
situation involves a unique set of cognitive processes [23,24]. Despite the insufficiency of studies on
auditory asymmetry assessed using DLP in AIS patients, all of the available studies' findings
supported the existence of asymmetry [20-22]. Enslein & Chan stated that progressive AIS patients
had worse left hemisphere superiority, and Goldberg et al. stated that auditory asymmetry in AIS
patients was caused by the presence of more right ear advantage [20,21]. In these studies, only the NF
condition was examined. In contrast to these studies, our study found that the number of right ear
was comparable to that of the control subjects, while the number of left ear was lower. On the other
hand, Akgay et al. declared that there was an asymmetry between AIS patients and healthy controls,
particularly in the NF and FL conditions, and that this was managed to bring on by the lower left ear
score. Even though the left ear in this study was smaller than the control group in all conditions, the
asymmetry value was only found to be statistically significant in the NF condition. Despite the fact
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that Akgay et al. [22] assumed that this asymmetry was unaffected by the type of curvature, the
current study only included AIS patients with major thoracic curvature. Future research may be
required to look into how different types of curvature affect auditory perceptual and cognitive
asymmetry.

The preference for the right ear in humans in general is explained by various theories. Kimura's
theory is that neural connections from the cochlea to the cortex are associated with right ear
preference. Kimura argues that right ear input can easily reach the left hemisphere, which specializes
in language. In contrast, left ear input is suppressed in the brainstem. After getting the right
hemisphere, left ear input is weakened while being transported to the left hemisphere via the corpus
callosum. Therefore, right ear preference is higher [38]. Westerhausen stated that right ear preference
is due to the functional integration of the corpus callosum as a structural and behavioral model [39].
Morphologic corpus callosum anomalies, responsible for interhemispheric communication, have also
been reported in patients with AIS [9,40,41]. In the present study, the standard deviation values of
individuals with AIS DLP results were higher. The fact that the DLP responses of patients with AIS
were more variable may be a remarkable situation, although it does not have statistical significance.
This may be due to asymmetries in the brain structures of patients with AIS or morphologic changes
in the corpus callosum, which plays an important role in right ear preference.

Evidence-based conservative treatment of scoliosis, including Schroth exercises and brace
treatment, has been shown to improve the quality of life, vertebral rotation degree, Cobb angle, pain,
body image, and vital capacity, and reduce the prevalence of surgery in AIS patients [26,27,42-45]. In
this study, improvement in Cobb angle was achieved with SBP exercises and brace treatment, similar
to the literature [26]. However, no previous study examined the changes of SBP exercises and brace
treatment on perceptual and cognitive asymmetry in the auditory system. Although there was an
increase in left ear in all conditions after conservative treatment, a significant increase was observed
only in the FL in the present study. However, it is noteworthy that while the number of left ear was
lower in AIS compared to the control group in all conditions before the intervention, this
phenomenon disappeared and was similar to the healthy controls after the intervention. The increase
in left ear due to the treatment and its similarity to that of healthy controls might indicate a potential
relationship between scoliosis and altered auditory processing, which may be related to neuroplastic
changes in the brain. Scoliosis-related changes in spinal and postural control could lead to
adaptations in sensory and motor networks that affect auditory perception. In addition, the observed
differences may be due to disrupted connectivity between brain regions involved in motor control
and auditory processing.

In a study by Hughdal et al. 15000 healthy subjects aged 5-89 years were assessed, and the
authors reported that right ear increased significantly in the FR; in contrast, in the FL, right ear
advantage decreased and generally shifted to left ear [24]. This shift of attention was found to be
greater in adults and less in children and adolescents. It has been concluded that the right ear
advantage effect in DLP is subordinated to developmental effects, and attentional effects on laterality
also develop with age [46]. In current study, the participants of AIS and control group were at similar
ages. Also conservative treatment results may alter auditory perception with the intervention since
stimulus-focused laterality is dynamically altered by allocating attentional resources to the right or
left side of the auditory field, as Hughdal et al. [46]. However, studies with brain imaging methods
are needed to determine where the perceptual and cognitive processes in the auditory system change
with conservative treatment and where and in which plasticity may have occurred.

Although there are various limitations of the study, the main one is the limitedness of the study
in which the results of the study can be discussed. The other is that the DLP data was taken only
behaviorally. The combination of DLP and neuroimaging methods, such as electroencephalography,
would have enabled us to reveal the source of the results of this study more clearly.

One of the study's strengths is that it only included patients with AIS and a curvature pattern of
the right major thoracic scoliosis, thereby excluding any potential changes brought on by the
curvature type. Reassessing the healthy control group after 6 weeks to take the learning effect into
account is another strength of the present study.
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Moreover, the literature focuses on the etiological factors of AIS and/or the curative orthopedic
effects of conservative treatment on curvature. This study targeted to demonstrate the effects of the
current conservative approach at the cortical level.

It is the first study to demonstrate that improving scoliosis - related deformity brought on by
scoliosis may alter cortical asymmetry in perception and cognition.

Understanding the link between scoliosis and auditory processing may have important
implications for conservative treatment approaches. If differences in auditory processing are
consistently observed in individuals with scoliosis, rehabilitation strategies and interventions may be
influenced. The investigation of the potential link between scoliosis and DLP in this study underlines
the complexity of the condition and emphasizes the need for interdisciplinary approaches. As
research in this area progresses, it is crucial to decipher the underlying mechanisms and clinical
significance of auditory processing differences in individuals with scoliosis and improve
understanding of cognitive function and spinal deformities.

5. Conclusion

The results of this study indicated that SBP exercises and brace treatment in AIS patients with
thoracic major curvature may improve perceptual and cognitive asymmetry in the auditory system.
The potential association between scoliosis and altered auditory processing can be attributed to
neuroplastic changes in the brain. Scoliosis-related changes in the spine and postural control may
affect auditory perception by causing adaptations in sensory and motor networks. Future studies are
needed to examine the connectivity in brain regions related to motor control and auditory processing
after conservative treatment with brain imaging systems. Thus, a new perspective can be brought to
the conservative treatment strategies for AIS.
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