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Abstract

Purpose It has been suggested that the cause of the balance disorder seen in adolescent idiopathic scoliosis (AIS) originates
from the central nervous system. However, the extent of the balance problem and the dysfunction of which part of the central
nervous system has not been investigated in detail. This study aimed to correlate the values obtained by balance analysis and
cerebellum volume measurement in female individuals with AIS with healthy individuals.

Methods Cerebellum volume was calculated via the cloud-based software “https://volbrain.upv.es” using brain magnetic
resonance images of 27 healthy and 26 individuals with AIS. The duration of stay in the test positions, the movement strat-
egy used during this time and the amount of postural sway were analyzed by using a computer-assisted force platform and
compared statistically.

Results Significant differences were found between the AIS and control groups in cerebellum total volume, vermis cerebelli
volume (cm?), and trunk oscillation velocity (mm/s) parameters (p <0.05). Cerebellum and vermis cerebelli volumes were
found to be lower and trunk oscillation velocity was found to be greater in patients with AIS.

Conclusion Balance problems in patients with AIS are correlated with decreased cerebellum volume and increased trunk

oscillation velocity.
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Introduction

Adolescent Idiopathic Scoliosis (AIS) is a three-dimen-
sional spinal deformity of unknown etiology that involves
one or more segments of the spine, especially affecting girls
between the ages of 11-18 [1]. By definition, curvatures
of the Cobb angle above 10 degrees on an anteroposterior
direct radiograph are considered scoliosis. The prevalence
of AIS is reported to vary between 0.47 and 5.2%. Shoulder
asymmetry and rib protrusion are the main symptoms [2].
Balance is one of the most important factors of physical
performance, called the body's capacity to maintain its posi-
tion in space. Adequate balance requires the integration of
complex sensory information about the body's environment
and location. Balance also produces the appropriate motor
responses of the brain to control body movement. In addition
to spinal deformity and postural asymmetry, dysfunction in
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the proprioceptive, vestibular, and vestibulo-spinal systems,
and instability accompanied by postural instability have been
found in individuals with AIS [3-5]. It has been suggested
that the most important reason for this is a disorder in pos-
tural reflex mechanisms in individuals with AIS [6].

One of the important structures responsible for balance
in our body is the cerebellum; It helps the muscles to con-
tract and relax appropriately by managing the information
received from the receptors in the muscle, ligament, tendon,
and joint capsule [7, 8]. It is known that patients with AIS
experience balance disorder at a level that cannot be under-
estimated. However, the cause of this disorder still remains
unclear. Although many studies mention the inadequacy of
the balance between the muscles, the reason for this insuffi-
ciency has not been explained. Although some studies focus
on the cerebellum, there is not enough data in the literature
on this subject [9].

This study aimed to correlate the data with healthy indi-
viduals by revealing the effect of possible differences in
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cerebellum volume on trunk oscillation velocity in individu-
als with AIS.

Methods

This single-center, randomized control, prospectively fol-
lowed-up, and retrospectively compared cohort-type study
were conducted at XXXX City Education and Research
Hospital, Department of Orthopedics and Traumatology in
accordance with the principles of the Declaration of Hel-
sinki. A written informed consent was obtained from each
patient and/or her legal guardian. And also, this study was
approved by the XXXXX Local Ethics Committee with the
decision # 2021/554.

Determination of sample size and study groups

The sample of this study was determined by power analy-
sis with G-power 3.1.9.4. Program as a=0.05, #=0.10,
and effect size=0.80; each study and control group should
consist of at least 21 patients. Between January 2022 and
January 2023, Study Group (AIS) and Control Group were
formed from at least 21 patients in each group, meeting
the inclusion criteria for both. Clinical sexual maturity
rating was evaluated for both group patients with Tanner
classification.

AIS group, inclusion criteria were diagnosed with
AIS and indicated for surgery (Cobb’s angle >45-60°),
10-18 years old, right-hand dominance, and having under-
gone cranial MRI in the last six months. Control group
inclusion criteria were according to clinical scoliometric
examination, postural analysis, and radiological evaluation,
there is no postural deformity, 10-18 years old, right-hand
dominance, and having undergone cranial MRI in the last six
months. Exclusion Criteria for both Groups were the story
of head injury, headache, back injury, using a brace, weak-
ness or numbness in any extremity, with a history of cranial
surgery for any reason, with a history of endocrinologically
diagnosed disease and/or related syndrome, and cerebellum
calcifications at MRI.

Volunteers who agreed to participate in the study were
invited to the hospital and signed an informed consent
form. Since the AIS patient population is predominantly
female, only female individuals were included in the study
and control groups for optimal homogenization. In order
to ensure gender, age, race, and sociocultural similarities
between the groups in this study, the individuals included
in the study were selected from the outpatient clinic of our
hospital by block randomization between the study dates
(Table 1). 26 cases in the scoliosis group and 27 cases

Table 1 Flow diagram of study inclusion and exclusion criteria

Assessed for eligibility (n=71)
¢ Diagnosed with Scoliosis

(from January 2022 to January 2023)
e Indicated for surgery

Excluded (n=22)

* Non-AlIS scoliosis
e Left hand dominance

AIS (n=49)

Excluded (n=22)

¢ Endocrinological disorder
¢ Headache

¢ Cranial pathology

\ 4

AlS (n=27)

Excluded (n=1)
¢ Cerebellum calsificasion at MRIs

AIS (n=26)

in the control group were included in the study. Asymp-
tomatic participants were qualified by the same orthope-
dic surgeon, who excluded any signs of musculoskeletal
pathologies by physical examination. The presence of spi-
nal curvatures was checked with a scoliometer.

Definition of lateral deviation of the vertebrae using
Cobb's angle

For radiological assessments of scoliosis, a two-way
mixed-effects model and intra-class correlation coeffi-
cients (ICC) were used to assess agreement and differences
between intra-observer and interobserver measurements.
Intra-observer and interobserver reliability was assessed
by two orthopedic surgeons and a radiologist with 10 years
of professional experience, using double-blind scoliosis
measurements from all subjects repeated twice, one month
apart. Intra-observer and interobserver reliability were
found to be excellent (ICC: 0.975-0.995) and good (ICC:
0.870-0.996), respectively.
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Evaluation of balance

Today, the most objective measurements in the evaluation
of balance are made with computer-aided force platforms.
Thanks to the receivers under the force platforms, the meas-
urement results that can be used in the balance evaluation of
the person are transferred to the computer environment. The
data transferred to the computer environment are presented
for the clinician's evaluation after the correction processes
applied with various software. In these platforms, the evalu-
ation of the balance is made in 4 test positions on hard and
soft ground, with eyes open and closed. Participants in the
test are expected to maintain their balance with minimal
postural sway for 20 s in each position. Measurements are
performed by the pressure-sensitive platform and simultane-
ously transferred to the computer in the form of numerical
measurement results. Scoring of the test is made according
to the amount of oscillation of the person. During these tests,

the duration of the person's stay in the test positions, the
movement strategy used during this time, and the amount
of postural sway are recorded numerically as a pdf file and
analyzed (Fig. 1).

Processing images

Cerebellum volume calculation: In order to calculate the
cerebellum volume from the MR images of individuals with
AIS, calculations are made on the cloud-based software
“https://volbrain.upv.es (volBrain: Automated MRI Brain
volumetry system)” site, using T1 images taken in DICOM
format. Before uploading the data to the site, T1 images of
individuals with AIS in DICOM format are converted to
"niftii" format with the help of the "dcm2niigui” conversion
program. Later, these files are converted to “.zip” format
with the help of WinZip program, which is a compression
program. In order to use the Volbrain software, you must
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Fig. 1 Computer aided balance analysis report example
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first create a registration on the site and log in. After logging
into the Volbrain site, the “CERES1.0” tab is selected and
the age and gender information of the individual is entered.
After these processes, it is uploaded to the specified area,
which is converted to ".zip" format and sent to the server
that created the software. The images uploaded to the server
give the results in "pdf" format after some operations are
performed by the server and cerebellum volume calculations
are performed within a certain period of time (Fig. 2). Then
the results are taken and the analysis is done.

Statistical analysis

The data in this study were analyzed for normal distribu-
tion by considering 5 parameters (Skewness-Kurtosis, Std/
Mean, Q-Q Plots, Histogram, and Shapiro Wilk Test). Nor-
mally distributed parameters with a sufficient number of
datas were shown as Mean + Std and Independent Samples
T Test was applied for pairwise comparisons. Parameters not
showing normal distribution were shown as Median (Mini-
mum-Maximum) and Mann Whitney U test was applied for
pairwise comparisons. In the study, =0.05 and p < @ were
considered significant. IBM SPSS 23.00 package program
was used for statistical analysis.

Results

The mean age of scoliosis and control groups was
16.2+2 years and 15.5 + 1 years, respectively. The mean
Cobb angle of curvature of the scoliosis group was 48.4°.

There was no statistically significant difference between
the groups in intracranial cavity volume (p >0.05). Cere-
brum total volume was 10% less in the scoliosis group than
in the control group, and this difference between the groups
was statistically significant (p <0.01).

Cerebellum

Fig.2 Three-dimensional
representation of the cerebel-
lum. A: Posterior view of the
cerebellum. B: Inferior view of
the cerebellum

The difference between the groups in the cerebellum total
volume (%) parameter was statistically significant (p <0.05).
Cerebellum total volume (%) decreased by 7% in the sco-
liosis group compared to the control group. There was a
statistically significant difference between the groups in the
vermis volume (cm?) parameter (p <0.01). Vermis volume
(cm®) was decreased by 11% in the scoliosis group com-
pared to the control group. There is a correlation between
the decrease in the volume of the vermis and the decrease in
the volume of the cerebellum. There was a statistically sig-
nificant difference between the groups in the vermis volume
(%) parameter (p <0.05). Vermis volume (%) decreased by
8% in the scoliosis group compared to the control group.
The decrease in the volume of the vermis is consistent with
the decrease in the volume of the cerebellum (%). There was
a statistically significant difference between the groups in
the velocity (mm/s) parameter (p < 0.01) (Fig. 3). The mean
value of trunk swing velocity in the scoliosis group was 1.50
times the mean value of the control group (Table 2).

Discussion

Balance problems in patients with AIS are correlated with
decreased cerebellum volume and increased trunk oscilla-
tion velocity.

Brain volume more than doubles in the first year of life,
reaching nearly adult size by age 2, but the trunk and extrem-
ities generally enlarge with age [10]. The head circumfer-
ence of a healthy baby is 35 cm on average at birth. It is
41 cm in the third month and 47 cm at the end of 1 year.
When the baby is 1 year old, the growth rate in head size
begins to decrease. Head circumference reaches an average
of 51 cm at the age of 3 years. The head circumference of an
average adult is 55 cm. Since the change in head circumfer-
ence during adolescence is quite low they have a head cir-
cumference almost similar to adults. Therefore, we preferred
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Fig.3 Relationship between
scoliosis and the cerebellum. A:
Normal vertebra and cerebel-
lum. B: Scoliosis and the cer-
ebellum with reduced volume

&>

Table 2 Comparison of control
and scoliosis group data

Control Scoliosis Sig. (p)
IC Cavite volume (cm®) 1309,70 + 90,46 1283,80+87,11 0.362
Cerebrum total volume (cm3)** 138,43+ 14,59 126,73 +10,54 0.006
Cerebellum total volume(%)* 10,58 +1,02 9,87+0,61 0.012
Vermis volume (cm3)** 9,60+ 1,09 8,63+0,76 0.003
Vermis volume (%)* 0,73+0,09 0,67+0,05 0.015
Velocity Std (mm/s)** 2,75 (1,09-4,68) 4,47 (2,01-8,23) 0.001

Statistically significant values are shown in bold

Parametric data were shown as Mean + Standard Deviation (Mean + Std) and Independent Samples 7" Test
was used for statistical analysis. Nonparametric data were shown as Median (Minimum—Maximum) and
Mann Whitney U test was used for pairwise comparisons. (*p <0.05;**p <0.01)

to work with the Adolescent age group, where scoliosis is
most common, as the most appropriate age range [10, 11].
In order to provide postural control, sensory information
provided by visual, vestibular, and somatosensory inputs
must be effectively and completely directed to the central
nervous system and postural reflex must emerge [12]. Pos-
tural reflex; occurs thanks to the connection between the
visual (visual), vestibular (auditory), somatosensory (sen-
sory), proprioceptive (positional), cognitive and musculo-
skeletal systems [13, 14]. Central nervous system; It creates
appropriate muscular responses through efferent stimuli to
provide proper body position and posture by combining and

@ Springer

interpreting the environmental inputs (afferent stimuli) com-
ing through the sensory, visual, auditory, and propriocep-
tive systems [15]. The cause of the balance disorder seen in
individuals with AIS still remains unclear. Although many
studies mention the inadequacy of the balance between
the muscles, the reason for this insufficiency has not been
explained. Muscle strength imbalance between the muscles
on both sides of the curve disrupts the harmony between
the mechanisms described above and causes an imbalance
in patients [16].

Payas et al. reported that the number of fibers in the
corticospinal tract (responsible for motor control),
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proprioceptive sensory, and sensory—motor integration
pathways in individuals with scoliosis is lower than in
healthy individuals, and this may be the cause of mus-
cle strength imbalance seen in individuals with scolio-
sis [17]. Cerebellar dysfunction can lead to symptoms of
impaired spatial orientation and poor balance control in
AIS patients. Therefore, it is interesting to investigate the
possible role played by the cerebellum in the formation of
AIS. Because the posterior cerebellum and flocculonodu-
lar lobe have extensive afferent and efferent connections
with the vestibular nuclei, studies covering the function
and morphology of the cerebellum have been found to be
superior in demonstrating balance problems in AIS [9].
In our study, we calculated the volume of the cerebellum,
which is one of the main structures that maintain the bal-
ance in patients with AIS, by comparing it with healthy
individuals.

Postural reflex is a complex condition that requires the
visual, vestibular, somatosensory, proprioceptive, cogni-
tive and musculoskeletal systems and their interconnection
followed by central integration and motor response. Weak-
ness in the deep and superficial trunk muscles that control
the body's center of gravity and maintain postural stability
in individuals with AIS causes static and dynamic balance
problems in patients. For this reason, while postural stabil-
ity and balance deteriorate during movement, there may
be an increase in body oscillations.

The paleocerebellum part of the cerebellum (spinocer-
ebellum) is responsible for the control of the trunk and
extremity muscles, continuity of movement, and muscle
tone. [18]. The cerebellum achieves all this by maintaining
the balance between agonist and antagonist muscles. Sway
velocity is actually a reflection of the ankle strategy. Ankle
strategy is related to the compatibility of the agonist and
antagonist muscles that perform dorsiflexion and plantar-
flexion [19]. Therefore, the balance analysis parameter
that best measures cerebellum function is sway velocity.
Parameters such as sway area, trace length, and lateral
sway, give more information about conscious propriocep-
tion and motor control and are mostly used to comment
on the descending and ascending paths in the cerebrum.
However, in our study, it was aimed to clearly express the
relationship between balance and cerebellum volume. In
order not to deviate from the main goal by including more
data, it is aimed to use the parameter directly related to the
cerebellum function.

Nault et al. studied postural sway during stance in indi-
viduals with AIS (6). They found that the center of pres-
sure, postural sway, and center of movement had a larger
support surface centered in children with AIS. Chen et al.
reported that children with AIS showed increased oscillation
in static balance in the standing position in various postures
[20]. Herman et al. reported in a study they conducted that

children with scoliosis showed more postural sway than the
normal group in tests performed without visual feedback
[21]. In our study, we found that the trunk oscillation veloc-
ity was increased in patients with AIS compared to healthy
participants, supporting previous studies.

In recent years, volumetric measurement of various cere-
bral structures using advanced neuroimaging techniques has
become a method used in the diagnosis and progression of
some diseases [22]. Combined with software that calculates
brain volumes, MRI allows us to perform unique investiga-
tions of brain structures and functions [23].

The cerebellum controls muscle movements, balance,
cognitive function, limbic and somatosensory functions [24,
25]. Structural disorders of the cerebellum impair a person's
movement, muscle tone, balance, eye coordination and even
memory [25]. With this deterioration what is expected from
the cerebellum is a volumetric decrease rather than a volu-
metric increase [24, 25]. Cerebellar hypoplasia diseases give
such findings. Edwards et al. reported a decrease in cerebel-
lum volume in psychiatric disorders such as schizophrenia
[26]. Cooper et al., on the other hand, underlined the effect
of volumetric reduction by studying the relationship between
verbal learning and memory and cerebellum volume [27].

Shi et al. measured the cerebellum volume of patients
with AIS locally in their 2013 study [28]. Although not sta-
tistically significant, they found the volumes of the patients
in the AIS group to be partially high. Contrary to expecta-
tions, they suggested that this height, which was measured,
might be a compensatory response to the dysfunction of bal-
ance control. In our opinion, the most important reason for
the difference in the result is the measurement method used.
With the method we use, it is possible to obtain images with
much higher resolution and to make a standard measure-
ment. In addition, the acceptance of the Cobb angle in a
wide range such as 20-90° may be another reason. In addi-
tion, in our study, cerebellum volume was correlated with
balance tests and compared with healthy volunteers.

There were some limitations of the current study. The
first is that it was studied on a small group of patients, and
the second is that it is cross sectional. Therefore, more cases
and longer-term studies are needed.

In our results, we found that both the total volume of the
cerebellum decreased compared to the controls, and the sco-
liosis trunk oscillation rate, which we used to measure the
imbalance, increased. We predict that balance problems seen
in individuals with AIS will result from possible changes in
cerebellum volume. We think that this disorder affects the
quality of life of patients. Our study is the first study to show
this relationship. In addition, large-scale, randomized studies
are needed in order to obtain clearer results and elucidate the
pathophysiology.
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