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INTRODUCTION

Saadet Selin Kog, ® Elif Yalgin,
Nilufer Kutay Ordu Gdkkaya

ABSTRACT

Obijective: Idiopathic scoliosis (IS) is a three-dimensional deformity of the spine, defined
radiographically as a lateral deviation of more than |0 degrees in the coronal plane, charac-
terized by sagittal and transverse plane changes. Balance and walking are the most common
activities of daily living. In our study, we aimed to analyze the effect of the curvature on
balance and walking in IS individuals, who have a reduced risk of progression and whose
curvatures are generally stable, by analyzing quantitative data.

Methods: The study included 34 patients with IS and 34 healthy individuals. All partici-
pants were questioned about their socio-demographic and physical characteristics. Balance
parameters were recorded using a multi-axis, motorized platform system called Huber 360
with built-in force sensors and handles. The participants’ gait analysis was performed using a
Zebris FDM type 3 (Zebris Medical GmbH, Germany) walking platform.

Results: When gait parameters were examined, step time and walking cycle duration were
significantly higher in the IS group compared to the control group (p=0.007 and p=0.008,
respectively). On the contrary, right-foot loading response and walking speed of the control
group were significantly higher than the scoliosis group (p=0.006 and p=0.0003, respec-
tively). Stability speed with eyes closed was significantly higher in the IS group compared to
controls (14.55+3.5 mm/s and 12.6£4.6 mml/s, respectively, p=0.012). No significant differ-
ences were observed between the groups in terms of other balance and gait characteristics.

Conclusion: This study revealed that balance and gait were affected in patients with IS, and
individuals with scoliosis had poor balance and walking skills compared to healthy individuals.
Therefore, in scoliosis rehabilitation, balance and walking problems that may be caused by
spinal curvatures should definitely be taken into consideration.

Scoliosis is a three-dimensional torsional deformity that
occurs with the rotation of one or more vertebrae in

Idiopathic scoliosis (IS) is a three-dimensional deformity of
the spine, defined radiographically as a lateral deviation of
more than |0 degrees in the coronal plane, characterized
by sagittal and transverse plane changes. The underlying
factors in the etiology of IS and the cause of the deformity
are not fully known. Since more than one factor is seen
to be effective in the pathogenesis of IS, a multifactorial
pathogenesis is considered. The most commonly blamed
factors include maturation disorders of the central and
peripheral nervous system, connective tissue disorders
in elastic and collagen fibers, muscle and bone diseases,
platelet disorders, melatonin, calmodulin, growth hormone
imbalances, and leptin deficiency.l'! Scoliosis is divided into
structural and non-structural scoliosis. One of the most
common etiological causes of structural scoliosis is IS, and
75-80% of all scoliosis cases are in this group.™

the spine. Chest deformity and pelvic asymmetry are of-
ten seen together with spinal deformity.®! This deformity,
which is usually painless, is asymptomatic and easily over-
looked. In advanced and untreated cases, there is a high
risk of developing significant health problems such as acute/
chronic back and waist pain, cardiopulmonary dysfunction,
functional limitation, depression, and deterioration in qual-
ity of life due to cosmetic deformity. IS classification is clas-
sically made based on the age at which the deformity is first
diagnosed. The classical classification of idiopathic scoliosis
according to age is: |. Infantile (0-3 years) 2. Juvenile (3-10
years) 3. Adolescent (10-18 years) 4. Adult (I8 years and
older) IS. 80-90% of IS occurs during adolescence. It is
frequently seen during childhood and adolescence, when
the growth plates develop, between the ages of 6 and 24
months, 5 and 8 years, and | | and 14 years. These periods
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are also the most obvious progression period in IS. After
the completion of spinal growth in adolescence, the po-
tential for progression of IS is much lower. In adulthood, it
may progress as a result of spinal collapse and progressive
osseous deformities.’! After skeletal maturation, it may
progress by one or two degrees per year, especially in cases
with scoliosis exceeding 50°, and it is reported that curves
with angles less than 35 degrees generally remain stable.
I Knowing the risk of progression in IS is important for
determining and continuing the treatment.

Postural balance is one of the most important factors that
determine a person’s ability to make and maintain move-
ments. Adequate postural balance is an important proof of
proper neuromuscular control and communication between
the central nervous system and the muscles. Balance is re-
lated to the integration of data from the visual, somatosen-
sory, and vestibular systems.!! In scoliosis, poor posture
causes imbalance in the spine, fatigue, and ultimately pain
due to nociceptive stimuli. In order to correct the poor
posture, the muscles are overstretched, and over time,
spasm and pain occur in the muscles. As the apical region is
approached on the convex side of the scoliotic curvature,
spinal mobility decreases, the muscles on the convex side
of the curvature are overstretched and strain the ligaments,
and on the concave side, weakness and shortening occur
in the muscles. As a result of scoliosis, the posture of the
patients is deteriorated, the biomechanics of the spine are
affected due to the poor posture, disuse atrophies develop,
and this causes asymmetrical loads in the spine.

Carrying more body weight on one side also affects the
load distribution of the lower extremity. This situation
can cause postural control and body balance to deterio-
rate, and walking mechanics, including the kinematics of
the lower extremity joints, can cause gait asymmetries
and the development of a pathological gait. In addition,
asymmetries in walking can affect the trunk-pelvis balance
and cause the curve to progress.”! Therefore, balance and
walking training that affects the trunk-pelvis balance in the
opposite direction according to the individual’s curvature
is of great importance in the exercise program planned for
scoliosis treatment.

To our knowledge, there is no study that evaluates the
effect of curvature on balance and walking, especially in
adult IS, with quantitative analysis and data. The aim of
this study is to examine the effect of curvature on balance
and walking in adult IS individuals, in a period when the
risk of progression has decreased, and the curvatures are
generally stable.

MATERIALS AND METHODS

From February 2024 to May 2024, 34 IS patients and 34
healthy individuals were recruited for this study. In this ob-
servational case-control study, the patients were included
if they were diagnosed with IS and healthy controls with a
natural spine curve. Approval for this study was obtained
from Bilkent City Hospital Ethics Committee (E2-24-

6163), and the study was conducted in accordance with
The Declaration of Helsinki.

The exclusion criteria of the study were determined as:
other types of scoliosis, musculoskeletal system patholo-
gies that may create asymmetry in the body and balance,
primary pathologies of the ear, benign paroxysmal positional
vertigo, Meniere’s disease, previous head trauma, previous
spinal surgery, presence of neurological disease, presence
of metabolic disease, presence of rheumatological disease,
and malignancies. All groups underwent demographic data
collection and physical examination. Sociodemographic in-
formation (age, gender, height, weight, body mass index,
employment status, education, smoking habitus, sports ac-
tivity, family history of scoliosis, twin pair, foot size, hand
dominance, pain assessment (rest and activity visual analog
scale (VAS)), lower extremity length difference (shorter
extremity side)) was recorded in IS and healthy individuals.
All patients’ measurements and evaluations in the study
were performed and recorded by the same physician. The
Cobb method is considered the gold standard for deter-
mining spinal curve severity in frontal plane radiography.®
In this study, the Cobb angles of all individuals with scolio-
sis were measured and recorded in degrees.

Before the balance and gait analysis, all individuals in both
groups were informed about how the tests would be per-
formed. Balance parameters were recorded using a multi-
axis, motorized platform system called Huber 360, which
has built-in force sensors and handles. Participants’ age,
height, and weight information were recorded on the de-
vice before the test began. Participants were placed on the
balance platform with their feet positioned according to
the guidelines on the measurement plate while climbing
onto the platform. During the measurement, participants
were asked to stand as quietly as possible, without mov-
ing, and looking ahead, with their arms crossed in front of
their chests, touching the opposite shoulder. Postural bal-
ance was evaluated in two different test conditions, last-
ing 30 seconds. Stability (eyes open (EO) and eyes closed
(EC)) area, speed, single-leg (right and left separately) area,
and walking step count data were recorded.

The participant was asked to step on the guidelines on the
force platform and keep their arms together at the sides
of the body. Before starting the test, the platform was cali-
brated according to the foot position by selecting “Reposi-
tion” on the application. With the test start command, the
participant was asked to bend forward, backward, right,
and left at the maximum level, each lasting 8 seconds,
without lifting the sole and heel of the foot or taking a
corrective step. In this way, the stability limits area of the
person was tested and determined in four directions.

The Zebris FDM type 3 (Zebris Medical GmbH, Germany)
walking platform was used to measure the spatio-tempo-
ral parameters of the participants during walking. The age,
height, and weight information of the participants were
recorded in the system. The participants were asked to
take off their shoes and socks and walk barefoot at their
own natural pace for 2 minutes from one end to the other.
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In order to eliminate the acceleration and deceleration
phases of walking during the turns, the participants started
walking from a distance of 2.5 m on the 3+2 m platform
and turned from a distance of 2.5 m. The participants
walked from end to end on a total of a 10 m platform for 2
minutes, and the data were obtained from the 298 x 54.2
cm section containing the sensor and stored by computer
and analyzed. The left and right forefoot, heel maximum
load (% of body weight), walking cycle duration, cadence,
and walking speed data of all patients were recorded using
the Zebris Medical GmbH system.

Statistical Analysis

Statistical analyses of the study were performed using
the IBM SPSS 26.0 package program (SPSS, Inc, Chicago,
lllinois). In the comparison of demographic and clinical

data, and balance and gait analysis data of the scoliosis
and control groups, the chi-square test was used for cat-
egorical data, the independent sample t-test for normally
distributed data, and the Mann-Whitney U test was used
for non-normally distributed data. The Shapiro-Wilk test
was used to determine whether the data were normally
distributed. The goodness of fit of the model was evalu-
ated by the Hosmer-Lemeshow test. All statistical analyses
were evaluated at a 95% confidence interval, and statistical
significance was assessed at p<0.05.

RESULTS

The baseline demographic and clinical characteristics of
the study participants are shown in Table |. The median
age of the IS group (23 female and || male) was 22 (18-

Table I. Baseline demographic and clinical characteristics of study participants

Parameters IS Patients (n=34) Controls (n=34) p-value
n (%) or Median (Min-Maks) n (%) or Median (Min-Maks)

Age (years) 22 (18-45) 23 (22-47) 0.047%2

Gender
Male Il (32.4) Il (324) I3
Female 23 (67.6) 23 (67.6)

Body mass index (kg/m2) 21.5(17.3-33.8) 22.65 (18.3-36.3) 0.1152
Underweight 3(8.8) 1 (2.9) 0.4733
Normal weight 23 (67.6) 22 (64.7)

Overweight/Obese 8 (23.5) I'1(324)

Employment status
Unemployed 3(8.8) 4(11.8) 0.2123
Worker 16 (47.1) 9 (26.5)

Student 15 (44.1) 21 (61.8)

Sports activity
No 25 (73.5) 28 (82.4) 0.38°
Yes 9 (26.5) 6 (17.6)

Smoking
No 29 (85.3) 27 (79.4) 0.5253
Yes 5(14.7) 7 (20.6)

Hand dominance
Left 5(14.7) 5(14,7) 2
Right 29 (85.3) 29 (85.3)

Shoe number 39.5 (35-45) 39 (36-45) 0.6662

Family history of scoliosis
No 27 (79.4) 31 (91.2) 0.1713
Yes 7 (20.6) 3(8.8)

Low back pain
No 26 (76.5) 27 (79.4) 0.773
Yes 8 (23.5) 7 (20.6)

VAS Rest 0 (0-30) 0 (0-30) 0.622

VAS Activity 0 (0-50) 0 (0-40) 0.6482

Lower extremity length difference
No 30 (88.2) 32 (94.1) 0.6733
Yes 4(11.8) 2 (5.9)

2: Mann Whitney U test; 3:, Chi-square test; *: p<0.05
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Table 2. Balance parameters of IS and control groups

Parameters IS Patients (n=34) Controls (n=34) p-value
Median Min-Maks MeantSD Medyan Min-Maks MeanxSD

Stability area with 275.15  38.29-1330.12 371.15+361,7 163.51 35.12-2962,75  338.27+521.6 03152

eyes opened (mm?)

Stability speed with 10.815 5.76-18.23 11.49£3.7 9.365 6.3-22.88 10.35+£3.4 0.1392

eyes opened (mm/s)

Stability acquisition time 30 30-30 30+0 30 30-30 30+0 12

with eyes opened (sec)

Stability area with 44246  52.43-2009.06 529.95+440.4 263.085 44.37-1288.56 354.61+294 0.1082

eyes closed (mm?)

Stability speed with 14.66 7.23-19.62 14.55£3.5 10.76 7.61-27.92 12.6£4.6 0.0127

eyes closed (mml/s)

Stability acquisition time 30 30-30 30+0 30 30-30 30+0 12

with eyes closed (sec)

Left leg area (mm?) 759.71  26895-7981.76 1016.46+1305.8 669.495 340.98-2919.27 996.43+686.1  0.5892

Left leg acquisition 30 30-30 30+0 30 30-30 30+0 12

time (sec)

Right leg area (mm?) 59243 285.68-9162.19  953.5£1524.2 635295 295.47-2696.7 913.37+609.1  0.404*

Right leg acquisition 30 30-30 30+0 30 30-30 300 12

time (sec)

Walking step count 70 52-100 70.94+10.5 77 45-112 76.35£14.3 0.0852

Walking gain time (sec) 50 50-50 50+0 50 50-50 50+0 12

Stability limits 68847.335  29056.79-  69119.32+17746.3 70780.505 35121.56-  75369.36£23720 0.223'

area (mm?) 104652.33 124693.69

' Independent samples t test; 2 Mann Whitney U test; ™ p<0.05.

Table 3. Comparison of spatio-temporal parameters of the participants

Parameters IS Patients (n=34) Controls (n=34) p-value

Median Min-Maks MeanxSD Median Min-Maks MeanxSD

Forefoot loading-left foot (%) 104 90-112 103.26+4.3 105 99-113 105.35£3.7 0.072

Heel loading-left foot (%) 77.5 70-86 77.59+4.1 79 68-88 78.65+4.9 0.337!

Forefoot loading-right foot (%) 105 92-115 104.5614 107.5 97-121 107.41£5 0.006"?

Heel loading-right foot (%) 78 60-85 77.94+4.9 79 68-96 78.56+5.9 0.8682

Step time-left (sec) 0.62 0.49-0,76 0.630.1 0.59 0.49-0.69 0.59+0.1 0.007""

Step time-right (sec) 0.625 0.47-0,74 0.62+0.1 0.585 0.49-0.69 0.59+0.1 0.005™"

Walking cycle duration (sec) 1.25 0.96-1,49 1.25+0.1 .17 0.98-1.36 1.17%0.1 0,008

Cadence (steps/min) 98.5 8l1-117 98.82+9.8 103 88-122 103.21£8.8 0.057'

Walking speed (m/s) 32 2-44 3.25+0.4 3.6 2.9-55 3.71x0.5 0.0003"2

': Independent samples t test; 22 Mann Whitney U test; *: p<0.05; **: p<0.01

45) years, and the mean age of the control group (23 fe-
male and || male) was 23 (22-47) 9 years (p=0.047). All
groups had a female predominance. However, there was

findings (p>0.05).

Table 2 lists the results of the balance analysis of the study
population. When the balance parameters of the partic-

no statistically significant difference between the IS group
and the control group in terms of gender, body mass in-
dex, employment status, sports activity, smoking habitus,
dominant hand, family history of scoliosis, back pain, foot
number, VAS score, and lower extremity length difference

ipants were examined under EO and EC conditions, it
was revealed that stability speed with EC was significantly
higher in the IS group compared to controls (14.55+3.5
mm/s and 12.6+4.6 mm/s, respectively, p=0.012). On the
other hand, no statistically significant differences were
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found between the scoliosis group and the control group
in terms of other balance parameters.

Table 3 presents the comparisons of the right- and left-foot
loading measurement values, cadence, walking speed, and
step duration of the participants. In the forefoot loading
measurements comparison, it was observed that the max-
imum right-foot loading value of the control group was
significantly higher than the scoliosis group (107.41+5 vs.
104.56+4, p=0.006), whereas no significant difference was
observed in the left foot. Similarly, a higher walking speed
was recorded in the control group compared to the IS
group (3.71£0.5 m/s and 3.2510.4, respectively, p=0.0003).
On the contrary, a higher step duration was found in the
IS group compared to the control group in the right and
left foot of the study subjects (0.62+0.] sec and 0.59+0.1
sec, p=0.005 vs. 0.63+0.] sec and 0.59+0.1 sec, respec-
tively, p=0.007). Moreover, the evaluation of the walking
cycle duration of the participants showed that the walking
cycle duration was also significantly higher in patients with
scoliosis compared to healthy subjects (1.25+0.1 sec and
I.1710.1 sec, respectively, p=0.008). We also analyzed the
cadence and observed that there were no significant dif-
ferences for walking cadence (p>0.05).

DISCUSSION

To our knowledge, this study is the first to evaluate bal-
ance and walking parameters in adults with IS using current
quantitative analysis. In the study, it was demonstrated that
there were differences in the balance and walking analyses
between the patients with IS and healthy controls. Balance
and walking were affected in individuals with scoliosis, and
patients with scoliosis had poorer balance and walking
skills compared to healthy individuals.

The spine is extremely important in ensuring efficient
human movement, primarily by providing the balance el-
ement that the body requires while it is moving. In this
state, the spine function and the walking function are in-
separable working mechanisms. Therefore, in recent years,
walking and balance analysis studies have increasingly be-
gun to be applied to spinal diseases. In our study, in the
balance parameters obtained with the force platform, the
stability speed with EC was significantly higher in the IS
group compared to the control group, indicating that the
balance of patients with IS is weaker than that of healthy
individuals. In addition, although the stability area evalu-
ated with EO and EC, and the stability speed evaluated
with EO in the IS group were not statistically significant,
they were numerically higher than those of healthy individ-
uals, indicating that balance skills are also weaker in indi-
viduals with scoliosis.

Similarly, the fact that the IS group approached the stability
limits less and that the stability limits area of the scoliosis
group was numerically lower than that of healthy individ-
uals, although not statistically significant, again shows the
weak balance skills in individuals with scoliosis. Yamada et
al.”l found a positive correlation between scoliosis pro-

gression rate and balance disorder in individuals with AlS.
Poor body segmental alignment as a result of IS has been
associated with a lateral displacement of the body’s center
of mass, affecting the body’s dynamic balance during walk-
ing. IS has also been shown to affect gait mechanics, includ-
ing temporal distance parameters, ground reaction forces,
and lower extremity joint kinematics.'” Such kinematic
changes are thought to be a compensatory mechanism to
maintain whole-body balance during walking.!'!

Mahaudens et al.l'?l reported that 6 months of corset use
in the treatment of patients with idiopathic scoliosis re-
duced the curvature by 25% and that the patients’ walking
data improved with the correction of the curvature. In
our study, in the gait analysis, it was observed that the
cadence and walking speed decreased in the IS group and
the walking cycle time was prolonged due to this decrease.
Chen et al.l'l and Giakas et all'l also demonstrated the
existence of a decrease in cadence and step length in their
studies. In another study, Yang et al.l'¥! found no statisti-
cally significant difference in walking speed, step length,
and cadence in scoliosis patients, contrary to expecta-
tions. Although the results differ, a meta-analysis study by
Mahaudens et al.l'¥! reported that scoliosis shortens the
duration of the stance phase in walking data, prolongs the
double stance phase, and slows down walking speed. Con-
sidering that balance is also impaired in scoliosis cases, it
has been suggested that changes in walking data should be
evaluated from this perspective.

The present study has some limitations. One of the lim-
itations of the study was that other external forces and
kinematics, such as the loads at the cervico-thoracic and
lumbosacral joints, were not assessed, which might have
provided a better understanding of the role of balance
and gait in IS. Another limitation of our study was the
relatively small sample size. So, future large, prospective,
and randomized clinical trials are required to confirm our
results.

Conclusion

Adult IS is associated with poor balance and walking skills
compared to healthy individuals. This demonstrates that
patients with scoliosis should be evaluated in terms of
static and dynamic balance and walking, and should be fol-
lowed up regularly.
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Idiyopatik Skolyozda Denge ve Yurimenin Degerlendirilmesi

Amag: idiyopatik skolyoz (iS), koronal diizlemde 10 dereceden fazla lateral sapma olarak radyografik olarak tanimlanan, sagital ve transvers
diizlem degisiklikleriyle kendini gésteren, omurganin iig boyutlu bir deformitesidir. Denge ve yiiriime giinliik yasamin en yaygin aktiviteleridir.
Galismamizda, ilerleme riski azalmig ve egrilikleri genellikle stabil olan IS bireylerinde egriligin denge ve yiiriiyiis zerindeki etkisini analiz
etmeyi amagladik.

Gerec ve Yontem: Galismaya 34 IS hastasi ve 34 saglikli birey alindi. Tum katilimcilara sosyo-demografik ve fiziksel ozellikleri soruldu.
Denge parametreleri, yerlesik kuvvet sensorleri ve tutacaklari olan Huber 360 adli ¢ok eksenli, motorlu bir platform sistemi kullanilarak
kaydedildi. Katilimcilarin yiirime analizi, Zebris FDM tip 3 (Zebris Medical GmbH, Almanya) yiiriime platformu kullanilarak gergeklestirildi.

Bulgular: Yiirime parametreleri incelendiginde, adim atma siiresi ve yiiriime déngiisii siiresi IS grubunda kontrol grubuna gére anlamli
olarak ytiksekti (sirasiyla, p=0.007 ve p=0.008). Buna karsin, kontrol grubunun sag ayak yiikleme yaniti ve yiirime hizi skolyoz grubuna gére
anlamli olarak yiiksekti (sirasiyla, p=0.006 ve p=0.0003). Gézler kapaliyken stabilite hizi IS grubunda kontrol grubuna gére anlamli olarak
ylksekti (sirasiyla, 14.55£3.5 mm/s ve 12.6£4.6 mm/s, p=0.012). Diger denge ve yiiriiylis 6zellikleri agisindan gruplar arasinda anlaml bir
fark gézlenmedi.

Sonug: Bu calisma, IS hastalarinda denge ve yiiriiytsiin etkilendigini ve skolyozlu bireylerin saglikli bireylere gére zayif denge ve yiirime
becerilerine sahip oldugunu ortaya koymustur. Bu nedenle skolyoz rehabilitasyonunda omurga egriliklerinden kaynaklanabilecek denge ve
yiiriiylis sorunlarinin mutlaka dikkate alinmasi gerekmektedir.

Anahtar Sozciikler: Denge; idiyopatik skolyoz; yiriyus analizi.
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