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Abstract

Idiopathic scoliosis (IS) is a three-dimensional deformity of the spine and the trunk, of 
unknown etiology. Balance or postural control can be defined as the ability to maintain the 
body’s line of gravity above the base of support and thus to avoid falling. Adequate balance 
control is not only important for maintaining postural stability, but also for safe mobility 
during activities of daily life. This requires efficient central processing of information coming 
from the visual, vestibular and somatosensory (proprioceptive) systems. The aim of this ar-
ticle was to review the literature about postural stability and balance performance in patients 
with idiopathic scoliosis. Some studies showed that people with idiopathic scoliosis have re-
duced postural stability, assessed with posturography, as well as proprioceptive and vestibular 
deficits. Two hypotheses in the literature, biomechanical and sensory integration hypotheses, 
tried to explain this from different points of view. The biomechanical hypothesis emphasizes 
biomechanical and morphological changes in IS as responsible for poorer postural stability, 
while the hypothesis of sensory integration points out that certain people with idiopathic 
scoliosis have impaired dynamic regulation of sensorimotor integration due to an inaccurate 
evaluation of sensory inputs. Studies that used clinical balance tests showed difficulties in 
mediolateral stability and dynamic proprioception in IS. Further studies on balance in this 
population are needed to deepen knowledge in this area.
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Idiopatska skolioza (IS) je trodimenzionalni deformitet kičme i trupa, nepoznate 
etiologije. Balans ili posturalna kontrola se može definisati kao sposobnost da se linija 
gravitacije tela održi iznad površine oslonca i da se, samim tim, izbegne pad. Adekvatna 
kontrola balansa nije važna samo radi održavanja posturalne stabilnosti već i za bezbednu 
mobilnost tokom aktivnosti dnevnog života. Ovo zahteva efikasnu centralnu obradu 
informacija koje dolaze iz vizuelnog, vestibularnog i somatosenzornog (proprioceptivog) 
sistema. Cilj ovog članka je da prikaže podatke iz literature o posturalnoj stabilnosti i 
balansnim performansama kod pacijenata sa idiopatskom skoliozom. Neke studije su 
pokazale da osobe sa idiopatskom skoliozom imaju narušenu posturalnu stabilnost, 
procenjenu posturografijom, kao i proprioceptivne i vestibularne deficite. Ovo 
pokušavaju da objasne dve hipoteze - biomehanička hipoteza i hipoteza o senzornoj 
integraciji. Biomehanička hipoteza naglašava biomehaničke i morfološke promene kod 
IS kao odgovorne za lošiju posturalnu stabilnost, dok hipoteza o senzornoj integraciji 
ističe da određene osobe sa idiopatskom skoliozom imaju narušenu dinamičku regulaciju 
senzomotorne integracije zbog netačne procene senzornih inputa. Studije koje su koristile 
kliničke testove balansa su pokazale poteškoće u mediolateralnoj stabilnosti i dinamičkoj 
propriocepciji kod IS. Potrebna su dalja ispitivanja balansa u ovoj populaciji kako bi se 
produbilo znanje u ovoj oblasti.

Introduction

Structural scoliosis is a three-dimensional deformity 
of the spine, which involves lateral curvature of the spine 
associated with rotation of the spinal column and chest, 
as well as a change in the sagittal profile. In 65% of cases, 
structural scoliosis is idiopathic scoliosis (IS), of unknown 
etiology (1). The diagnosis of IS is established when 
other possible causes such as vertebral malformations, 
and neuromuscular or syndromic diseases are excluded 
(2). The etiopathogenesis of idiopathic scoliosis is not 
clear, and it is considered to be multifactorial - including 
hormonal, biomechanical, neurosensory and genetic 
influences. Some authors also point out the role of the 
central nervous system in the pathomechanism of IS 
because they found proprioceptive and vestibular deficits 
in some of IS cases (3-5). Idiopathic scoliosis often 
progresses during growth, but can also remain stable or 
even disappear spontaneously. Idiopathic scoliosis can 
be infantile (occurring in the period up to 3 years of life), 
juvenile (occurring in the period from 5 to 8 years) and 
adolescent (occurring from the age of 10 until the end of 
growth) (6). Among them, adolescent idiopathic scoliosis 
(AIS) is the most common and it is estimated that 2 - 3% 
of adolescents have IS at the end of their growth. The 
prognosis of scoliosis is worse the earlier it occurs and the 
more cranial the curve (1).

Treatment of idiopathic scoliosis

The treatment of idiopathic scoliosis involves 
monitoring and physiotherapeutic scoliosis-specific 
exercises (PSSE) for mild curves, the use of braces for 
moderate curves or spinal surgery for severe curves (7). 
The goals of conservative treatment of idiopathic scoliosis 
are to stop the progression of the curve, prevent and treat 
pain and respiratory dysfunctions, as well as to improve 
the aesthetics of the trunk through postural correction (8). 

Firstly, PSSE implies specific exercise protocols that are 
individually adapted to the type of curve (7). There are 
different methods of PSSE, but they all have the following 
principles in common: three-dimensional self-correction, 
stabilization of the corrected posture, training in activities 
of daily life and patient education (8).

If scoliosis exceeds the critical limit of 30º Cobb 
angle at the end of growth, the risk of health and 
social problems in adulthood increases significantly - 
impaired quality of life, pain, disability, deterioration of 
back aesthetics, functional limitations, and sometimes 
respiratory problems (9, 10). In order to detect and 
treat idiopathic scoliosis on time, regular medical 
examinations of children are necessary, and according to 
the recommendations, it would be optimal twice a year for 
girls (between the age of 10 - 12 years) and once a year for 
boys (between the age of 13 - 14 years) (11).

Concept of balance

Although the concept of balance is often used in the 
medical field, there is no universally accepted definition 
of balance. From a biomechanical point of view, balance 
can be defined as the ability to maintain the body’s line of 
gravity above the base of support and thus avoid falling. 
Human beings have control over balance - when the line 
of gravity falls outside the base of support the body is 
able to feel a threat to stability and use muscle activity to 
counteract the force of gravity and avoid falling. It is also 
called postural control. Postural control could thus be 
defined as the ability to maintain, achieve or re-establish 
a state of balance during any posture or activity (12). 
To make this possible, adequate perception of sensory 
information and its central processing is necessary in 
order to choose an adequate balance strategy and motor 
response (13). Postural control strategies can be reactive 
(compensatory) or predictive (anticipatory). Predictive 
strategies involve a voluntary movement, and an increase 
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in muscle activity before an expected disturbance, while 
reactive strategies are movements after an unexpected 
disturbance. The three motor strategies for rebalancing are 
the ankle, hip, and stepping strategy (14).

Adequate balance control is not only important for 
maintaining postural stability but also for safe mobility 
during activities of daily life, such as getting up from 
a chair, standing while performing manual activities, 
walking, turning, etc. (15). Balance control requires 
efficient central processing of information coming from 
the visual, vestibular and somatosensory (proprioceptive) 
systems (16). The visual system provides information 
about the position and orientation of the head in relation 
to the environment, as well as the direction and speed of 
head movements. The somatosensory system, through its 
receptors in the muscles, tendons, joints and skin, informs 
about the position and movements of the body and body 
parts in relation to each other and in relation to the base of 
support. The vestibular system, thanks to its semicircular 
canals and otolith organs, provides information about the 
position and movements of the head in relation to gravity 
and inertial forces (17).

Balance assessment

Balance assessment can be functional, systems and 
quantitative (15). Functional balance tests evaluate the 
performance of certain motor tasks on scales or using 
a stopwatch, i.e. by measuring how long the subject can 
maintain balance in a certain position (15). Verbecque 
et al. divided functional balance tests into those that 
test stability (e.g. one leg stance, tandem stance), quasi-
mobility (e.g. forward reach) and mobility (e.g. one leg 
hopping) (13). The advantage of these tests is that they are 
easy to perform, they are not expensive, they are carried 
out quickly and they can determine whether the balance 
is disturbed and whether there is a risk of falling (15). 
However, these tests examine one task and therefore do 
not reflect the entire concept of balance, so it is good to 
combine several different tests (13).

Systems balance assessment aims to determine 
the causes of balance deficits (15). An example of such a 
test is The Balance Evaluation System Test - BEST, which 
includes 6 systems of balance control: biomechanical 
constraints, stability limits/verticality, anticipatory postural 

adjustments, postural responses, sensory orientation and 
stability in gait (18). 

Quantitative, objective assessment of balance 
involves the use of technologies such as static and dynamic 
posturography. They are used to assess postural sway 
and other balance parameters. Dynamic posturography 
involves assessment of balance in conditions of external 
aggravating influences such as, for example movement 
and oscillations of the standing surface, different visual 
conditions, etc. Although posturography can overcome 
the shortcomings of functional clinical balance tests, the 
high cost, space and time required for training and testing 
limit its wider application in the clinical setting (15).

The aim of the article
The aim of this article was to review the literature on 

postural stability and balance performance in patients 
with idiopathic scoliosis.

Postural stability in idiopathic scoliosis

Posturography assesses postural stability using 
force plates that measure the ground reaction forces - the 
sum of the pressures created by the body under the feet. 
The center of pressure (COP) represents the point where 
these pressures are concentrated. Postural stability can 
thus be quantified using COP parameters derived from 
the ground reaction forces. COP parameters that can be 
obtained are e.g. sway area, antero-posterior and medio-
lateral displacement, etc. (19)

The meta-analysis from 2018 analyzed the studies 
that had been published until then about postural stability 
in idiopathic scoliosis, and which used posturography, 
i.e. quantitative assessment of COP parameters in this 
population compared to a control group without scoliosis. 
It has been shown that there is reduced postural stability 
in adolescent idiopathic scoliosis compared to controls. 
The analysis found that in scoliosis there is a shift of the 
COP to the right in the frontal plane and to the back in the 
sagittal plane (20).

In the literature, this impaired postural stability 
in IS is explained by two hypotheses: biomechanical 
and sensory integration hypothesis (figure 1) (20). The 
biomechanical hypothesis emphasizes biomechanical and 

Figure 1. Scheme of the relationship between idiopathic scoliosis and balance deficits from the perspective of two hypotheses 
proposed in the literature.
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morphological changes in IS (changes in the position of 
the head, shoulders, shoulder blades, pelvis in all three 
planes) as responsible for poorer postural stability (21). 
The hypothesis of sensory integration points out that 
certain people with idiopathic scoliosis have impaired 
dynamic regulation of sensorimotor integration due to an 
inaccurate evaluation of sensory inputs (22). This leads to 
balance dysfunctions due to the inability to re-establish 
the position of the COP towards the body’s center of 
mass (20). The hypothesis about sensory integration and 
the problem of the central nervous system as responsible 
for postural instability in scoliosis is supported by other 
studies that examined proprioception, vestibular function, 
somatosensory evoked potentials in this population 
(4, 5, 22, 23). 

Proprioception and vestibular function in idiopathic 
scoliosis

The results of meta-analysis from 2021 on 
proprioception in AIS show that adolescents with IS 
exhibit proprioceptive deficits (e.g. greater repositioning 
errors, higher movement detection threshold, abnormal 
somatosensory evoked potentials), implying possible 
changes in central and/or peripheral nervous system in this 
population. Whether proprioceptive deficits are a cause 
or consequence of AIS remains an open question. The 
researchers reasoned that if considered a causative factor, 
the severity of proprioceptive deficits should not be related 
to the size and severity of the curve. If the proprioceptive 
deficits are secondary to the scoliosis itself, greater curves 
and rates of progression should be associated with greater 
proprioceptive deficits (4).

Hawasli et al. analyzed the relationship between 
vestibular dysfunctions and idiopathic scoliosis in their 
review. Based on the available studies, they found level 3 - 
4 clinical evidence supporting the association of these 
entities. However, as with proprioception, it cannot be 
concluded whether vestibular dysfunction plays a role in 
the development of IS or occurs as a consequence of 
individual adaptation to the curvature of the spine (5). 
Fewer animal studies support the hypothesis of vestibular 
dysfunction as an etiological factor in IS. For example, 
unilateral removal of the vestibular organs in a larval frog 
caused it to develop a scoliosis-like deformity in young 
adulthood (24).

Guo et al. in their study of 107 patients with AIS 
found abnormal somatosensory evoked potentials (SSEP) 
in 14.3% of subjects. This frequency is much higher 
compared to the prevalence of abnormal findings of 0.5% 
in the normal population (23). Another similar study 
found an even higher frequency - 27.6% of AIS patients 
with abnormal SSEP with a Cobb angle greater than 45° 
(25). These results suggest that a certain group of patients 
with scoliosis has impaired somatosensory function.

Factors that affect balance in idiopathic scoliosis

Researchers from Poland examined stability during 
unipedal support and its association with the degree of 

scoliosis and trunk rotation in AIS, as well as in a control 
group of adolescents without scoliosis. The stability 
was examined both with open and closed eyes, with an 
electronic postural station - Dalos Postural Proprioceptive 
System, which assessed postural control index (stability 
index during the eyes-open test) and proprioceptive 
control index (stability index during the eyes-closed test). 
The results showed significant differences in both indices 
between the study and control group, with a significantly 
lower proprioceptive control index in the group with 
idiopathic scoliosis. Based on the obtained results, the 
authors believe that in the process of postural control 
and balance maintenance, the proprioceptive system in 
patients with scoliosis does not play an appropriate role. 
This implies that in the rehabilitation programs of patients 
with scoliosis, attention should be paid to proprioception 
and that it is important for the patient, the physiotherapist 
and the parents to pay attention to the correct positioning 
of body parts during exercise, as well as to provide 
adequate visual feedback, e.g. by practicing in front of 
the mirror. Also, the authors suggest that due to impaired 
proprioception, people with scoliosis may be more prone 
to injuries, which also indicates the importance of exercises 
that improve joint stabilization and their inclusion in the 
rehabilitation program (26). 

Factors that can influence static balance in AIS are 
the type of curve, orientation of body parts and somato-
type (27). When it comes to the degree of scoliosis (Cobb 
angle) and its impact on postural control and balance, stu-
dies of several authors did not find significant associations 
(26, 28, 29). However, Haumont et al. have found, using 
static and dynamic posturography, that girls with AIS 
between 15 and 25° Cobb angle show more postural insta-
bility compared to those with a curve less than 15°. During 
static posturography, they showed a larger area of body 
sway and larger oscillations in the medio-lateral plane. 
During dynamic posturography, these girls found it more 
difficult to maintain balance and used more reactive than 
anticipatory strategies (16). According to Dabrowska et al. 
a negative correlation between the proprioceptive control 
index and the angle of trunk rotation measured with a sco-
liometer was found. Based on this, they hypothesize that 
exercises that reduce trunk rotation should also improve 
proprioception in patients with scoliosis. That is why the 
authors suggest examining the impact of different scoliosis 
treatments on proprioception (26). 

Clinical assessment of balance in idiopathic 
scoliosis

Although posturography has proven to be valid in 
assessing balance, its use in clinical environments is not so 
frequent, so simple tests and questionnaires are used as an 
alternative. Some studies have shown that there is a good 
correlation between posturography and functional tests in 
assessing balance in certain groups of patients. However, 
not all COP parameters correlate with functional scores, 
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suggesting that the two techniques provide information on 
different aspects of balance (30).

In their study, Shin and Woo used the Functional 
Reach Test and the Lateral Reach Test in patients with 
idiopathic scoliosis and controls. They found significant 
differences in the Lateral Reach Test between the groups, 
while for the Functional Reach Test they do not find a 
significant difference, which suggests difficulties with 
medio-lateral balance in scoliosis (31).

Le Berre et al. used 3 routine clinical balance 
tests to examine a group of adolescents with idiopathic 
scoliosis and a control group of adolescents without 
deformity. They found no difference between the groups 
in static balance tests (unipedal stance test and sharpened 
Romberg). However, they found a significant difference in 
the Fukuda-Utenberger test, suggesting impaired dynamic 
balance in individuals with scoliosis. Based on the obtained 
results, as well as previously conducted studies, Le Berre et 
al. believe that people with scoliosis have difficulties with 
the dynamic proprioceptive system, due to the immaturity 
of the CNS and poorer integration of proprioceptive 
afferent signals. These simple balance tests are suitable for 
routine clinical use and assessment of patients with IS, and 
the authors believe that it would be useful to examine their 
use as markers for scoliosis progression in longitudinal 
studies (29).

When it comes to the impact of scoliosis treatment 
on balance, few researchers have addressed this issue. 
Palucci et al. using stabilometry and baropodometry found 
that the postural instability present in AIS compared to the 
control group improved in some parameters when patients 
wore the Cheneau orthosis (32). Marin et al. found that 
in the self-correction position, patients with scoliosis 
show better parameters of postural balance compared to a 
relaxed standing position (33).

Conclusion

As the available studies have shown, people with 
idiopathic scoliosis may have impaired postural stability 
and balance. It remains insufficiently clear whether it is 
only a consequence of scoliosis or the problem is in the 
central nervous system systems that control balance, 
which suggests a potential etiological factor. Further 
studies on balance in this population are needed to deepen 
knowledge in this area. It would be important to examine 
the validity and reliability of clinical balance tests in 
relation to posturography, in order to justify their clinical 
application in this population. Also, examining the impact 
of different treatments and exercise methods on balance 
performance would be significant.
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