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The physiopathogenesis of adolescent idiopathic scoliosis remains unknown. However, a multifactorial pathogenesis is being as-
sumed. Besides biomechanical, biochemical, and genetic factors, some studies have focused on congenital or acquired abnormalities 
in the vestibular organ with consecutive development of scoliosis. This study aims to analyze a possible correlation between any 
vestibular organ congenital or acquired pathologies and scoliosis based on the current literature. Therefore, we conducted a literature 
search in three databases, with search terms such as “scoliosis,” “organ of balance,” “idiopathic scoliosis,” “vestibular organ,” 
“spine,” and “balance.” Fifteen studies were selected and used for research. The relationship between scoliosis and vestibular or-
gan abnormalities was recorded from all included works. Seven studies demonstrated a direct correlation between vestibular organ 
anatomical abnormalities and the form of the scoliotic spine. Another study confirmed the influence of the pathology of the vestibular 
organ on scoliosis but questioned whether it had an impact on the formation or the progression of the curvature. Others demonstrated 
a temporal overlap of the embryonic development of the vestibular organ and the beginning of pre-scoliotic characteristics, but their 
relationship remained questionable. In three studies, the correlation remained unclear, and any context has been denied. It seems 
unlikely that an isolated vestibular disorder can trigger structural scoliosis. However, the vestibular system pathologies may certainly 
occur in the multifactorial genesis of idiopathic scoliosis. Whether the correlation refers to the expression or the progression of 
scoliosis or may even have an influence on both remains unclear. New treatment options could be derived from these findings with a 
positive influence on the course of the deformity.
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Introduction

Since the earliest human history (Galen 130–201 AD), 
scoliosis (scolios gr. Crooked, crooked) has been defined 

as a permanent lateral curvature of the spine with rota-
tion and torsion of several vertebrae. With a total share of 
80%, idiopathic scoliosis is the most common form, with 
the additional subdivision based on the first manifestation 
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of infantile, juvenile, and adolescent. Its etiology, as the 
name idiopathic suggests, is unknown.

The theories for idiopathic scoliosis development are 
varied [1]. However, a multifactorial pathogenesis is being 
assumed [2]. Some previous studies stated that the cause 
of idiopathic scoliosis is not biomechanical, but biochemi-
cal. The endochondral length growth of the vertebral bod-
ies occurs craniocaudally, while the periosteal thickness 
growth of vertebral arches occurs in an anterior-posterior 
direction. If the relationship between length and thickness 
growth is disturbed, a pathological curvature of the spine 
occurs, the direction of which is from the relative length 
of the vertebral bodies to the vertebral arches [3].

Other studies have suggested a genetic component, 
whereby the inheritance of the genetic factors is X-linked. 
Inhibited melatonin transfer (inhibition of the function 
of the inhibitory G proteins on the melatonin receptors) 
may also influence the development of scoliosis [4]. In-
terestingly, although controversial, a possible connection 
between the development of scoliosis and abnormalities 
in the vestibular organ may occur [5-8].

This systematic literature search aimed to answer the 
question whether a possible correlation between any ves-
tibular organ congenital or acquired pathologies and sco-
liosis may occur.

Materials and Methods

We conducted an analysis of literature by searching in 
three databases, namely, Google Scholar, PubMed, and 
Livivo. The search terms “scoliosis,” “organ of balance,” 
“idiopathic scoliosis,” “vestibular organ,” “spine,” and “bal-
ance” were linked and entered.

The inclusion criteria are as follows: (1) participants had 
to be adolescent idiopathic scoliosis (AIS) patients, (2) 
patients must have undergone examination of the vestibu-
lar system, and (3) studies had to analyze the relationship 
between scoliosis and vestibular organ abnormalities.

Exclusion criteria were as follows: (1) studies that 
included patients with other etiologies of scoliosis, (2) 
articles in a language other than English or German, and 
(3) case reports as well as follow-up investigations deal-
ing with the same question. However, the latter two were 
included in the Discussion section.

An initial search of all databases was performed, finding 
citations that could be included in the review. Firstly, titles 
and abstracts were screened and checked. If screening 

titles and abstracts was not enough to decide whether to 
accept or reject the study, the full text of the citation was 
analyzed for further evaluation. Afterwards, the full text of 
the potentially eligible articles was assessed for inclusion. 
At the end, 15 studies were selected for inclusion [9] (Fig. 
1). The relationship between scoliosis and vestibular organ 
abnormalities was recorded from all included works.

Results

The electronic search identified a total of 22,846 articles, 
of which 39 full-text articles were analyzed after consid-
ering the inclusion criteria. Fifteen studies were finally 
selected as they first provided a good overview of the 
range of correlation between the vestibular organ and 
the development or progression of scoliosis and second 
denied a correlation [5-8,10-20] (Table 1). Five studies 
demonstrated a direct relationship between an anatomi-
cal malformation of the vestibular organ and the form of 
the scoliotic spine [6,8,10-12]. Another study confirmed 
the influence of the pathology of the vestibular organ on 
scoliosis but questioned whether it had an impact on the 
formation or the progression of the curvature [8]. In three 
other studies, the relationship was not clearly verified; 
thus, further investigations were recommended [7,13,14]. 
Another study demonstrated a temporal overlap of the 
embryonic development of the vestibular organ and the 

86� Full-text articles ex-
cluded

86� Abstracts excluded

2,�239 Abstracts excluded

22�,846 Records identified through database 
searching

18,237 Filter for studies after 1975

125 Abstracts screened

39 Full-text articles assessed for eligibility

15 Studies included

2,�364 Records after duplicates removed 
and full-text articles not available

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) flow chart.
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Table 1. Overview of the investigations

Author Test method Follow-up Results Level of 
evidence

Antoniadou et al. [10] (2018) Measurement of the deviation from the 
vertical gravity with and without visual 
feedback using an electromagnetic 
location sensor

One-time measurement Deviation from the gravitational vertical in AIS patients 
> control group (especially with closed eyes)

Level 3

Byl and Gray [11] (1993) Equilibrium reactions using a force plate 
stabilometer with and without the 
challenge of the somatosensory and 
visual system (active posturography)

1 Year (every 3 months) When the somatosensory / visual system is challenged: 
fluctuation of AIS patients > control group

Level 3

Catanzariti et al. [15] (2014) Question whether a unilateral, isolated 
vestibular lesion induces AIS

One-time measurement It could not be confirmed that a unilateral, isolated 
vestibular lesion induces AIS

Level 2

Cheung et al. [16] (2002) Adaptation of a subjectively perceived la-
ser line projection to the earth vertical 
(horizontal / vertical) in dark surround-
ings

One-time measurement AIS patients = control group Level 3

Romano et al. [18] (2008) Impact of scoliosis on balance and impor-
tance for physiotherapy

One-time measurement Improvement in scoliosis leads to improved balance; 
training of the functionally impaired vestibular 
organ is more conceivable therapeutically than 
orthopedic bony correction.

Level 4

Hawasli et al. [6] (2015) Idiopathic scoliosis in adolescents and 
the role of the vestibular organ

One-time measurement Many studies with evidence categories III–IV found a 
connection between the malfunction of the vestibu-
lar organ and scoliosis. However, this could not be 
confirmed in all studies.

Level 3

Hitier et al. [5] (2015) MRI examination of the orientation of the 
lateral semicircular canal, position of 
the semicircular canals to the midline; 
vestibulonystagmography of the lateral 
semicircular canal after bithermal 
caloric irrigation

One-time measurement MRI: AIS patients ≠ control group Level 3

In AIS patients, the lateral semicircular canal on the 
left side was more vertical and further from the 
midline than in the control group

Krödel et al. [17] (1997) Body fluctuation with force plate; subjec-
tive visual vertical; electronystagmog-
raphy

One-time measurement No significant differences between scoliosis patients 
and control group

Level 4

Lambert et al. [13] (2009) Unilateral labyrinthectomy (n=15); removal 
of the horizontal and anterior semicircu-
lar canal ampoule (n=4)

Until the metamorphosis 
to the frog is completed

Removal in early larval stage: stagnation of develop-
ment; removal in the later larval stage: curvature 
of the body and tail in the direction of the lesion 
due to weaker contraction of the axial muscles on 
this side scoliosis in young adult frogs, no skeletal 
deformations

Level 2

Lambert et al. [14] (2013) Unilateral labyrinthectomy followed by 
neurological examination of the ves-
tibulospinal pathways

Until the metamorphosis 
to the frog is completed

Significantly lower increase in SVr discharges on the 
contralateral side regardless of the strength or fre-
quency of the stimulus; ipsilateral SVr unaffected.

Level 2

Pi�alasse and Simoneau [19] 
(2014)

Balance test by means of a force plate 
under triggering of the vestibular 
system with 1 mA (electrode on the 
mastoid)

12 Months 3 Case reports: (1) improvement of balance after 
surgical correction; (2) no significant improvement 
through bracing; (3) operative spinal straightening 
did not adjust the balance ability to that of the con-
trol group.

Level 4

Pialasse et al. [8] (2013) Hypothesis that patients with larger 
Cobb-Winkel (>35°) show more ves-
tibular reactions

One-time measurement Confirmation of the influence of the vestibular organ 
in the axial length growth. Further studies are re-
quired.

Level 3

Pollak et al. [7] (2013) VEMP of the sternocleidomastoid muscle, 
latency comparison

One-time measurement (1) Significantly longer N23 (first negative wave) laten-
cies than controls

Level 3

(2) High correlation between the age and N23 laten-
cies on the right

(Continued on next page)
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beginning of pre-scoliotic characteristics, but their rela-
tionship remained questionable [5]. Three studies denied 
any context [15-17].

Discussion

The development of AIS is based on a multifactorial gen-
esis. The question of whether and, if so, to what extent the 
function and integrity of the vestibular organ have an in-
fluence on the formation or progression is an interesting 
approach, but still unclear.

A large number of studies in the past have demonstrat-
ed a direct relationship between functional and anatomi-
cal norm deviations of the vestibular organ and a scoliotic 
change. The causes and explanations are different. In this 
context, it is important to differentiate if the faulty ves-
tibular information arises due to a malformation of the 
organ itself or during the processing of the afferents at the 
cortical and subcortical levels (Fig. 2).

1. Morphological changes of the vestibular organ

Hitier et al. [5] demonstrated morphological changes in 
the vestibular organ in idiopathic scoliosis patients. In ad-
dition to an increased vertical alignment of the left-sided 
semicircular canals in the structure of the temporal bone, 
a deviation of the lateral and posterior semicircular canals 
was also found ipsilaterally. In the scoliotic group, the lat-
ter were located more laterally. Moreau et al. [4] left open 
whether this resulted from a malformation of the petrous 
bone or the labyrinth itself. However, a clear relationship 
between the side of scoliosis and the observed asymmetry 
could not be found.

Similar observations were made in a study published in 
2006 analyzing a young woman with left-sided scoliosis. 

Here a labyrinthine temporal bone abnormality was also 
found [20]. For instance, scoliosis patients had a shorter 
distance between the center of the lateral and superior 
semicircular canals. In addition, the posterior canal was 
smaller [21,22]. In scoliosis patients, an abnormal re-
lationship between the lateral and posterior vestibular 
canals was also found [23]. Unexpectedly, nystagmus was 
also demonstrated in the accompanying vestibular exami-
nations (three-dimensional video‐oculography with ki-
netic stimulations), and the authors postulated in addition 
a potential functional consequence behind the anatomical 
variation [23].

2. Functional abnormalities of the vestibular organ

Even in recent clinical studies, the focus is on semicircu-
lar canals and macular organs as possible causes of the 
development of scoliosis. Antoniadou et al. [10] assessed 
the course of the earth-vertical after active head rotation. 
During the said rotation, the information from the semi-

Author Test method Follow-up Results Level of 
evidence

(3) No correlation between scoliosis angle and VEMP 
latencies

Sahlstrand et al. [12] (1978) Stabilometry using a force plate, fluctua-
tion in the sagittal and lateral direction

6 Weeks (before the start 
of treatment, after 1 
week, after 6 weeks)

AIS patients with significantly poorer posture control, 
especially with proprioceptive challenges, both mild 
and left convex scoliosis had poorer posture control 
than more severe cases

Level 3

Shi et al. [20] (2006) MRI skull for abnormalities One-time measurement Posterior vault of the skull in AIS smaller, left larger 
than in the control group

Level 4

AIS, adolescent idiopathic scoliosis; MRI, magnetic resonance imaging; SVr, spinal ventral root; VEMP, vestibular-evoked myogenic potentials.

Table 1. Continued

Fig. 2. Different localization of pathologies of the whole vestibular system that 
might have an influence on the formation or progression of scoliosis.

1. Sacculus
2. Utriculus
3. Semicircular canal (posterior, lateral, superior)
4. Neural pathways
5. Cerebral cortex
6. Brainsteam
7. Neural pathways and peripheral nerve
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circular canals and otoliths is particularly necessary; if 
the position in the room is checked after turning the head 
(subjective vertical), the necessary information comes 
from the macular organs. Significantly more misjudg-
ments were found in the scoliosis patient group than in 
the control group, concluding that the vestibular receptors 
must have been damaged and that the affected adolescents 
with idiopathic scoliosis perceived a more inclined earth-
vertical than healthy adolescents [10].

Possible dysfunction of the macular organs on the de-
velopment of scoliosis was also examined clinically. Pol-
lak et al. [7] determined the so-called vestibular-evoked 
myogenic potentials, which are necessary to stabilize 
the position of the head. The group of scoliosis patients 
showed a longer latency between the first positive (P13) 
and the following negative (N23) wave. A significant left-
right difference with greater latency on the right side was 
also found. Based on the results, the authors confirmed 
their hypothesis of the relationship between vestibular 
dysfunction and scoliosis; however, they could not prove a 
relationship to the form of scoliotic spine [7].

In addition to anatomical and clinical results, a cor-
responding context could be observed in animal models. 
Lambert et al. [14] demonstrated in clawed frogs (Xenopus 
laevis) that unilateral vestibular lesions can provoke a sco-
liotic change in the spine and postulated that the asym-
metrical pull of the muscles in connection with the soft, 
not yet ossified bone structure determines this structural 
modification. Since the skeletal system in humans is not 
mineralized for a long time, the authors concluded that 
the embryonic vestibular system pathology may already 
have caused scoliosis and then with increased length 
growth is exacerbated by constant asymmetrical muscular 
traction [14].

3. Neural functional abnormalities

In addition to vestibular malformations, any other un-
compensated bilateral disorder of the descending neural 
pathways and peripheral lesions can cause a unilateral 
change in the muscle tone of the autochthonous back 
muscles as well, resulting in a spine deformity [13].

Also, a dysfunction in the area of the brainstem fa-
vors the formation and progression of scoliosis [8,24]. 
In particular, if the vestibulospinal tract, whose function 
is to transmit position, balance reflexes, and control the 
axial muscles, is damaged unilaterally, an increased risk 

of developing scoliotic deformity is assumed. However, 
whether the damage is partly responsible for progression 
or for the development of scoliosis is unclear.

In addition to the subcortical neural pathways, magnet-
ic resonance imaging examinations revealed that superior 
cerebral areas may be responsible for the development of 
scoliosis as well. For example, in scoliosis patients, those 
areas of the cerebral cortex involved in processing ves-
tibular function were significantly smaller than in a cor-
responding group [25].

4. Clinical consequences

The abovementioned anatomical deviations could also be 
detected by clinical examination. In terms of body bal-
ance, significant differences could be demonstrated in 
scoliosis patients compared to healthy control groups. In 
this context, Byl and Gray [11] tried to differentiate if the 
cause was an anatomical-muscular malformation of the 
spine or faulty sensory afferences from the vestibular, vi-
sual, and/or proprioceptive systems. First, using a simple 
balance test, no abnormalities could be demonstrated 
between scoliosis patients and a healthy control group. 
However, if the tests became more complex, the scoliosis 
patients performed significantly worse, showing that the 
authors neglected a simple motor-related cause. Other-
wise, they would have expected malfunctions, even during 
simple tests [11]. Rather, a fault in the entire sensorimotor 
process was assumed.

Other studies examined the correlation between the 
visual, proprioceptive, and vestibular systems in scoliosis 
patients. Independently of one another, they concluded 
that scoliosis patients showed an increased body fluctua-
tion and poorer balance regulation in situations with vi-
sual or proprioceptive stimuli [26-29]. Pialasse et al. [30] 
observed an increased lateralization of the upper body as 
well as an increased weight distribution under the ipsi-
lateral sole of the foot in comparison to a healthy control 
group after caloric stimulation of the vestibular organ. 
The authors assumed the cause to be pathological central 
sensory processing, which in turn leads to altered sen-
sory processes [30]. Even after surgical correction of the 
deformity, these restrictions remained, which makes an 
influence of the spinal curvature unlikely [31]. In addition 
to the disturbed equilibrium reflexes, differences in the 
cognitive processing between visual and sensory informa-
tion seem to exist [29].
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Despite the suspected relationship between scoliosis 
and vestibular organ abnormalities, which new treatment 
approaches can be derived remains unclear. Some authors 
underline the necessity to identify patients with sensomo-
toric control disorders to intervene in a targeted manner 
with the aim of avoiding progression of the curve [32]. 
However, no clinical studies have been conducted on this.

In summary, many of the currently available studies 
with an evidence level of III–IV indicate a correlation be-
tween scoliosis and vestibular organ abnormalities; how-
ever, a clear dependency could not be determined across 
all articles [15].

Conclusions

It seems unlikely that an isolated vestibular disorder can 
trigger structural scoliosis. However, vestibular system 
pathologies may certainly be a building block in the mul-
tifactorial genesis of idiopathic scoliosis. Whether the 
relationship refers to the expression or the progression of 
scoliosis or may even have an influence on both remains 
unclear. Based on the results, the question as to how far 
balance exercises, as an additional treatment option be-
sides the common ones, can further influence the course 
of scoliosis positively should be addressed in further stud-
ies.
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