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Objective: It is believed that postural balance problems may contribute to the development 
of adolescent idiopathic scoliosis (AIS). Vision provides proprioceptive input by supplying 
information about body positions. Considering the fundamental role of vision in postural 
control, this study aims to investigate the relationship between AIS and the volume of the 
eye-moving muscles and the visual field.
Materials and Methods: This prospective cross-sectional study included a total of 47 fe-
male individuals, with 24 having AIS and 23 being healthy participants. Magnetic resonance 
imaging was used to calculate the volumes of the medial rectus (MR) and lateral rectus (LR) 
muscles in both groups. Additionally, the visual field test was conducted to determine the 
pattern standard deviation (PSD) and mean deviation (MD) values for the left and right eyes 
of individuals in both groups.
Results: The mean age of AIS patients with a major curvature of 48.50 degrees and a Lenke 
Type-1 curve was similar to that of asymptomatic individuals. The volume values of the MR 
muscle on both sides were lower in the AIS group compared to the control group (p<0.05). 
Significant differences were found in the PSD values of the visual field test within the AIS 
group (p<0.01). However, there was no significant difference in the MD values between the 
left and right eyes of the two groups (p>0.05).
Conclusion: It is important to consider the presence of visual sensory defects in individuals 
with AIS. It is unknown whether AIS causes visual impairment or vice versa. Therefore, fur-
ther comprehensive studies are needed.
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INTRODUCTION
Adolescent idiopathic scoliosis (AIS) is the most common type 
of scoliosis, particularly affecting adolescent girls.1 Despite nu-
merous studies, the exact cause of AIS remains unclear.2 Sev-
eral studies have proposed that balance issues may contribute 
to the development of scoliosis.2–4 Postural balance relies on 
the integration of visual, somatosensory, and vestibular sys-
tems.5 Vision not only provides information about the position 
of body movements relative to the environment or a body part 
but also contributes to both exteroceptive and proprioceptive 
input.6 Studies suggest that an inadequate visual or oculomo-
tor system can lead to scoliosic deformities.3,7,8 However, there 
is currently insufficient objective evidence on this subject is.1

Defective vision encompasses conditions such as eye move-
ment disorders, impaired central vision, impaired peripheral 
vision, visual inattention, and visual perception disorders.9 
Several studies have demonstrated that the head and neck 
muscles can adapt to postural changes, including scoliosis.10 
Given the fundamental role of vision in postural control, it is 
worth exploring the relationship between scoliosis, the visual 
field, and the muscles responsible for eye movement, based 
on objective data. Thus, our aim was to analyze the potential 
relationship between eye muscle size, visual field, and scoliosis 
using absolute values. This was accomplished by calculating 
the visual field and eye muscle volume in individuals with AIS 
and healthy individuals.

MATERIALS AND METHODS
Ethical Considerations
Ethics committee approval for the study was obtained from 
Kayseri City Hospital, with a decision dated 02/12/2021 and 
numbered 539. The study was conducted in accordance with 
the provisions of the Declaration of Helsinki, and pre-study 
consent was obtained from all participants.

Participants and Study Groups
The study included individuals diagnosed with AIS and healthy 
individuals between March 2021 and March 2022. The diagno-
ses were made by an orthopedist (BS) with at least 10 years of 
experience in treating scoliosis and who determined the need 
for surgical intervention. Inclusion criteria were as follows: 
diagnosis of Main Thoracic-Lenke type-1 (Right thoracic) AIS, 
major curvature angle of 45° and above, age between 10-18, 
and female gender. Control group inclusion criteria consisted 
of the absence of any neurological or orthopedic disease and 
the absence of the need to wear lenses or glasses.

Exclusion criteria for both groups were a history of spine-re-
lated trauma or surgery and the presence of neuromuscular 
disease. Healthy individuals with significant eye diseases re-
quiring the use of glasses were also excluded.

For this study, a statistically significant level of 5% (p=0.05) 
was chosen, with a statistical power of 80% and an effect 
size of 0.8. Based on these parameters, a minimum of 21 
participants was required for each group.

AIS group (n=24): This group comprised individuals diag-
nosed with AIS in our clinic who had an indication for sur-
gical treatment.

Control group (n=23): Asymptomatic participants between 
the ages 10–18 were included in this group. After evalua-
tion by an orthopedist, individuals without any musculo-
skeletal diseases were selected.

The study collected information on the age, height and 
weight of the participants. The Body Mass Index (BMI) of 
all participants was calculated using the formula [BMI = 
Weight/(Height x Height) (kg/m2)].

Measurement of the Major Curvature Angle in Scoliosis
The curvature angle of the spine in the frontal plane for 
individuals with AIS was measured by the radiologist (ST) 
and the orthopedist (BS), and the average of the two mea-
surements was taken. Individuals with a major curvature 
angle of ≥40° were included in the AIS group (Fig. 1).

Figure 1. Calculation of major curvature angle in scoliosis.
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Volume Calculation of Eye Muscles Using Cranial 
Magnetic Resonance Imaging (MRI)

Brain MRIs of the participants were obtained using Siemens 
Skyra brand (Germany) 3T MR devices. T1-weighted 3D Mag-
netization Prepared Fast Gradient Echo (MPRAGE) sequence 
was used to capture anatomical structures. The MR sequence 
settings were as follows: FOV=250×250 mm2, TR/TE=2300/3.4 
ms, acquisition matrix=256×256, number of slices=172, slice 
thickness=1.0 mm, and flip angle=9°.

To determine the volume of the lateral rectus (LR) and me-
dial rectus (MR) muscles in the study, MRIs with a slice thick-
ness of 0.1 mm were converted to JPEG format. The resulting 
JPEG images were opened using the “ImageJ” program. The 
“image to stack” option under the “image” tab in ImageJ was 
used to create an image series from the opened images. Pri-
or to measuring, calibration was performed in the ImageJ 
program. The length of the image opened in RadiAnt was 
measured using the “measurement and tools” option, and 
then the length of the measurement site was marked with 
the “straight” option in ImageJ. The calibration process was 
completed using the “Set Calibrate” function in the “analyze” 
tab of the ImageJ program. The borders of the LR and MR 
muscles were manually determined in all sections contain-

ing these muscles using the “Free Hand” option in ImageJ. 
The surface area of each section was calculated using the “M” 
key. The volumes of the measured muscles were obtained 
by summing the area values of each section and multiplying 
by the section thickness of the image. All these procedures 
were recorded separately on MRI for both sides of the LR and 
MR muscles in each individual. Volume measurements were 
conducted separately by a radiologist (ST) and an anatomist 
(PA), and the mean of the values obtained was used for sta-
tistical analysis (Fig. 2).

Evaluation of the Visual Field

A visual field test was performed on the participants by an 
ophthalmologist (KN) with at least ten years of experience 
in the field. All participants did not wear contact lenses or 
glasses. The following global values were used as the basis for 
evaluating the visual field of the participants. Mean Deviation 
(MD) is a measure that compares all tested points with the nor-
mal reference visual field. It indicates whether the tested visual 
field is lower or higher than the normal visual field. An increase 
in MD suggests generalized depression or significant loss of 
one part of the visual field compared to the other (Fig. 3). Pat-
tern Standard Deviation (PSD) provides the standard deviation 
of the difference between the expected normal value in indi-

Figure 2. Volume calculation of eye muscles. (a) Lateral rectus muscle. (b) Medial rectus muscle.
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viduals and the value measured during the test. It indicates 
the extent to which the measured visual field shape deviates 
from the normal age-corrected visual field. A low PSD reflects 
a smooth visual field profile, while a high PSD indicated an ir-
regular visual field profile (Fig. 4).

Statistical Analysis

Five parameters were considered for the normal distribution 
analysis of the research data: Skewness-Kurtosis, Standard 
Deviation (Std)/Mean, Q-Q Plots, Histogram, and Shapiro Wilk 
Test. Parameters were considered to be normally distributed 
when their normal distribution score (NDS) was greater than 
three. For normally distributed parameters, they were present-
ed as mean±standard deviation (SD). Independent Samples T 
Test was used to compare two independent groups, while the 
Related Samples T Test was employed for comparisons with-
in dependent groups. Pearson correlation analysis was con-
ducted for parametric data. Nonparametric parameters were 
identified when their NDS≤3 and were presented as median 
[Interquartile Range (IQR)]. The Mann-Whitney U test was used 
to compare two independent groups, and Spearman’s correla-
tion analysis (Spearman Rho) was employed for correlation 
analysis. A significance level of α=0.05 was considered, with 
p<α deemed significant. The statistical analysis of this study 
was performed using IBM Statistical Package for the Social Sci-
ences (SPSS) 23.00 software.

RESULTS
The AIS group consisted of female patients with Lenke Type-
1 (right thoracic) scoliosis, with a mean major curvature an-
gle of 48.50 degrees and a mean age of 14.90±1.94 years. 
The mean age of asymptomatic individuals was 14.81±2.77 
years (Table 1).

Eye Muscle Volumes

The left MR values of the scoliosis group were 8.57% smaller 
than those of the control group. The difference in left MR pa-
rameters between the control and AIS groups was statistically 
significant (p<0.05). The right MR values of the AIS group were 
10.79% smaller than those of the control group. A significant 
difference was found in the right MR volumes between the 
AIS and control groups (p<0.01) (Table 1). Additionally, while 
there was no significant difference between the left MR and 
the right MR in the control group (p>0.05), this difference was 
found to be significant in the 95% confidence interval in the 
AIS group (p<0.05) (Table 2). 

Evaluation of the Visual Field

While there was no difference in the left and right PSD values 
in the control group (p>0.05), there was a difference in the AIS 
group (p<0.01). There was a significant difference between the 
AIS and control groups in both the right and left PSD values 
(p<0.05). There was no significant difference between the AIS 
and control groups in both the right and left values of the MD 
and tractus opticus (p>0.05).

DISCUSSION
This study observed that the muscle imbalance seen in the 
paravertebral muscles of individuals with scoliosis also existed 
in the eye muscles. Asymmetry in the visual muscles may con-
tribute to explaining the cause of visual impairment, which is 
often seen in scoliosis cases.

The etiopathogenic mechanism of AIS has not yet been 
defined. However, most authors suggest that AIS may be 
caused by genetic, hormonal, biomechanical, and neurosen-
sory factors.11,12

Figure 3. Mean deviation (MD). Figure 4. Pattern standard deviation (PSD).
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Although there are studies reporting head and neck asymme-
try in patients with spinal deformity,13 we have not found any 
study examining the effect of head and neck asymmetry on 
the morphological structure of the eye muscles and visual field.

It has been suggested that deterioration in postural stability af-
fects the onset and progression of AIS.14 Postural stability is pro-
vided by the formation of postural tone and postural reflexes 
as a result of the healthy transmission of vestibular, visual, and 

somatosensory senses to the brain.15 When a healthy individual 
describes the relative position of any part of the body in space, 
they combine visual stimulation with proprioceptive information 
from that area. Therefore, the proprioceptive power of the visual 
sense is of great importance in all motor activities such as walk-
ing, running, and cycling.16 Studies claim that vision is not only 
a simple and complementary phenomenon that aids proprio-
ception but also one of the most powerful possible sources of 
proprioceptive information.16–18 While the proprioceptive sense 

Table 1. Comparison between groups

	 Control group	 AIS group	 Sig. (p)

Age	 14.81±2.77	 14.90±1.94	 0.901

Weight	 49.45±7.65	 49.40±6.85	 0.984

Height	 1.55±0.11	 1.55±0.09	 0.988

Body mass index	 20.43±1.73	 20.49±2.52	 0.920

Left medial rectus muscle (MR)*	 443.06±44.56	 408.28±55.04	 0.026

Left lateral rectus muscle (LR)	 374.14±27.87	 368.84±60.72	 0.712

Right medial rectus muscle (MR) **	 431.63±40.30	 389.63±56.79	 0.007

Right lateral rectus muscle (LR)*	 339.11±55.72	 364.35±75.80	 0.069

Left tractus opticus	 32 (1–149)	 43 (1–212)	 0.698

Right tractus opticus	 14 (1–111)	 13 (1–105)	 0.681

Left mean deviation (MD)	 1.76 (0.66–8.11)	 2.33 (1.27–3.61)	 0.073

Left pattern standard deviation (PSD)*	 1.60 (1.10–6.09)	 2.07 (1.27–3.61)	 0.023

Right mean deviation (MD)	 1.85 (0.09–11.65)	 2.27 (0.99–4.69)	 0.146

Right pattern standard deviation (PSD)**	 1.71 (1–6.72)	 2.735 (1.57–4.56)	 0.009

*: Parametric data were shown as mean±standard deviation (SD), and the Independent Samples T Test was used for statistical analysis. **: Non-parametric data were 
shown as median (IQR), and the Mann-Whitney U Test was applied in pairwise comparisons.

Table 2. Intra-group comparison

	 Control group	 Sig. (p)	 AIS group	  Sig. (p)

Left medial rectus muscle (MR) volume	 443.06±44.56	 0.103	 408.28±55.04	 0.032

Right medial rectus muscle (MR)	 431.63±40.30		  389.63±56.79	

Left lateral rectus muscle	 374.14±27.87	 0.001	 368.84±60.72	 0.706

Right lateral rectus muscle	 319.11±55.72		  364.35±55.80	

Left pattern standard deviation (PSD)	 1.60 (1.10–6.09)	 0.144	 2.07(1.27–3.61)	 0.003

Right pattern standard deviation (PSD)	 1.71 (1–6.72)		  2.73 (1.57–4.56)	

Left mean deviation (MD)	 1.76 (0.66–8.11)	 0.516	 2.33 (1.27–4.48)	 0.570

Right mean deviation (MD)	 1.85 (0.09–11.65)		  2.27 (0.99–4.69)

Left tractus opticus	 32 (1–149)	 0.011	 43 (1–212)	 0.027

Right tractus opticus	 14 (1–111)	  	 13 (1–105)	  

Parametric data were shown as mean±standard deviation (SD), and the Related Samples T Test was used for statistical analysis. Non-parametric data were shown as 
median (IQR), and the Wilcoxon Test was applied in pairwise comparisons.
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gives information about the stimuli coming from the body, the 
visual sense gives information about the stimuli coming from the 
environment outside the body. Information from both senses 
comes together at a certain level and plays a role in maintaining 
posture.18 de Pádua et al.19 reported that vision problems affect 
postural balance. In individuals with visual impairment, they re-
ported abnormalities such as the head not being in its normal 
position, shoulder asymmetry, valgus in the knees, scoliosis in 
the spine, thoracic kyphosis, and lumbar lordosis deformities.

Epidemiological studies investigating the relationship be-
tween visual sensory input and scoliosis show that the inci-
dence of scoliosis is higher in the visually impaired popula-
tion.3,8 Catanzariti and Thevenon et al.3 reported five times 
more scoliosis cases in people with visual impairment com-
pared to the control group. Grivas et al.8 found the incidence 
of scoliotic deformity to be 42% in visually impaired women. In 
order to determine the relationship between the direction of 
curvature and the volume of the eye muscles and visual field in 
individuals with scoliosis, the AIS group included in our study 
was formed only from individuals with right thoracic scolio-
sis. To minimize the effect of gender and hormonal factors on 
the data in the study, patient and asymptomatic groups were 
formed exclusively from women. The study found that the 
deviation in the visual field was higher in individuals with AIS 
than in the control group. Additionally, according to the study 
data, asymmetry was observed in the right and left visual field 
tests in individuals with AIS. This result clearly reveals the rela-
tionship between scoliosis and the sense of sight. Information 
from the vestibular, ocular, and proprioceptive organs is need-
ed to maintain proper posture. The most important of these 
senses is the sense of sight, which encodes and processes in-
formation from all other senses. Therefore, children are more 
dependent on visual information in the first days of life than 
on somatosensory and vestibular information.16 In a study, it 
was reported that temporal and spatial information were pro-
cessed more slowly in visually impaired children and remained 
at a lower level than in children with normal motor develop-
ment.20 Studies show that visually impaired children may ex-
perience more postural discomfort than individuals with only 
head and cervical spine alignment problems.21,22

Recent studies show that children with normal development 
usually exhibit postural changes during the growth period, but 
children with visual impairment may experience postural defor-
mities at any time.19,21,22 Therefore, it should not be overlooked 
that knowing the visual fields and morphology of eye-moving 
muscles of individuals with AIS and revealing their possible re-
lationship with postural changes may be of critical importance 
in the diagnosis and treatment of the musculoskeletal system. 
It is important to examine the anatomy of musculoskeletal 
structures to have information about the stability limits of in-

dividuals.23 Therefore, in our study, we calculated the volumes 
of MR and LR muscles of individuals with AIS. Our data revealed 
that the MR muscle of individuals with AIS had a smaller volume 
than the control group, and there was asymmetry in right-left 
MR muscle sizes. Based on these data, it is evident that muscle 
imbalance due to spinal curvature in individuals with scoliosis 
is not limited to the spine but can also be seen in the muscles 
responsible for the movement of the eye. We believe that asym-
metry in the muscles will affect the visual field and contribute to 
the development or progression of existing scoliosis.

Limitations: The first limitation is that the sample size is small. 
Second, the orientation of muscle fibers correlates with skeletal 
morphology, but muscle fiber orientation was not examined in 
this study. Additionally, it was not specified how long the individ-
uals with AIS included in the study were followed for treatment 
after diagnosis. Third, the calculation of the volume of eye mus-
cles other than MR and LR eye muscles could not be properly 
done based on the MR images we have. Only the volumes of the 
MR and LR muscles were examined among the muscles respon-
sible for eye movement. As other muscles could not be evalu-
ated, it is unknown how these muscles differ between groups.

CONCLUSION
A significant asymmetry in the volume of the MR muscle was 
identified in individuals with AIS. Additionally, it was observed 
that their muscle volumes were smaller compared to asymp-
tomatic individuals. Alongside changes in the biomechanics 
of the spine, anatomical, biomechanical, and kinesiological 
changes were observed in the muscle components of the eye. 
However, it remains unknown whether AIS causes visual im-
pairment or if visual impairment causes AIS. Further compre-
hensive studies are required to investigate this relationship.
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