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Scoliosis is the most frequent spinal deformity among 
adolescents. In 80 % of cases, it is defined as idiopathic 
as no individual cause has been identified. However, 
several factors linked to Adolescent Idiopathic Scoliosis 
(AIS) have been identified and are under investigation. 
One of these factors is neurological dysfunction. 
Increase in body sway has been observed either during 
or following sensory manipulation in AIS patients. It is 
believed that impairment in sensory processing could 
be related to scoliosis onset. Impairment in sensory 
processing could induce a body schema distortion. The 
aim of this case series was to evaluate if conventional 
orthopaedic treatments could improve balance control 
thus implying a better body representation. Although, 
no strong conclusion can be drawn from a case series, 
results suggest that alteration in body representation 
should be investigated in future studies. 
 
 
 
 
 
(JCCA 2014;58(2):131-140) 
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La scoliose est la déformation de la colonne vertébrale 
la plus fréquente chez les adolescents. Dans 80 % des 
cas, on la définit comme idiopathique, puisqu’on n’a 
jamais déterminé de cause unique. Toutefois, plusieurs 
facteurs liés à la scoliose idiopathique de l’adolescent 
(SIA) ont été déterminés, et font actuellement l’objet 
d’études. L’un de ces facteurs est la dysfonction 
neurologique. Une augmentation du déséquilibre 
corporel a été observée durant ou après la manipulation 
sensorielle chez les patients atteints de SIA. On croit 
qu’un trouble du traitement sensoriel pourrait être lié 
à l’apparition de la scoliose. Un trouble du traitement 
sensoriel pourrait entraîner une distorsion du schéma 
postural. Le but de cette série d’études de cas était 
d’évaluer si les traitements orthopédiques classiques 
pouvaient améliorer le contrôle de l’équilibre, et ainsi 
améliorer la posture du corps. Même s’il est impossible 
de tirer des conclusions solides d’une série d’études 
de cas, les résultats suggèrent néanmoins que les 
modifications de la posture du corps devraient faire 
l’objet d’études ultérieures. 
 
(JCCA 2014;58(2):131-140) 
 
m o t s  c l é s  :  scoliose, adolescent, trouble sensoriel, 
chiropratique
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Introduction
Scoliosis is the most common spinal deformity among 
adolescents.1 It can be congenital or have an early onset 
between birth and 3 years of age (infantile), develop be-
tween 2 and 10 (juvenile), or it even develops during 
adulthood as a degenerative scoliosis. Scoliosis takes 
place mostly during adolescence, the prevalence is ap-
proximately 2-3% in children ages 10 to 16 years, and is 
more frequent in females.2,3 Scoliosis is characterized or 
classically	defined	as	a	lateral	deviation	of	the	spine,	but	
in fact, it is a three-dimensional (3D) deformation indu-
cing geometric and morphologic changes in trunk and rib 
cage.4

Etiology
Harrington5 has suggested that over 50 pathologies gen-
erate a secondary scoliosis. Among these pathologies, 
various neuromuscular diseases such as anterior polio-
myelitis with trunk paralysis, multiple sclerosis, but also 
malformations such as congenital hemi-vertebra cause 
secondary scoliosis. Nonetheless, 80% of scoliosis is still 
considered as idiopathic.5 It is unlikely, however, that the 
etiopathogenesis of idiopathic scoliosis results from a 
unique factor. In contrast, it is believed that various factors 
are involved and interact with various genetic predispos-
ing factors.6,7 The current trend in scoliosis research is to 
detect biomarkers that could predict either spine deforma-
tion onset or progression risk.6 The common factors that 
are being investigated could be aggregated into 6 groups: 
genetic, neurological, hormonal and metabolic, skeletal 
growth, biomechanical, environmental.8 During the last 
decades, various studies have investigated whether AIS 
patients had perceptual or sensorimotor impairments. It 
has	been	reported	that	AIS	patients	have	deficits	in	sen-
sorimotor adaptation and balance control and perceptual 
impairments.9

Vestibular system and scoliosis
An	efficient	control	of	upright	balance	implies	the	detec-
tion of instability (i.e., its direction and amplitude) and 
the selection of appropriate motor commands to restore 
stability.10,11 Therefore, these processes require accurate 
sensory systems, optimal sensory processing and senso-
rimotor transformation. Altering the quality of sensory 
information allows studying the ability of the brain to re-
weight the sensory signal and select the appropriate mo-

tor commands to ascertain proper balance control. Results 
from studies assessing balance control have demonstrated 
that AIS patients have poorer balance control than con-
trols and manipulating the availability of visual infor-
mation or the quality of lower limb sensory information 
increased their disequilibrium.12-15 The role of ankle pro-
prioception, for controlling balance, has been studied in 
AIS patients by co-vibrating the tendon of the ankle joint, 
which altered the sensory information, and led to greater 
instability of AIS patients than controls.16 Furthermore, 
following a brief period of sensory deprivation it has been 
shown that reintegration of ankle proprioception, whether 
vision was available or not, led to larger variability of the 
CP velocity in AIS patients whereas the age-matched con-
trols reduced their CP velocity variability.17

 Another sensory system that is worth investigating 
as a potential factor for scoliosis onset is the vestibular 
apparatus.18-20 For instance, the vestibular nuclei occupy 
a prominent position in the brainstem. Since the lateral 
vestibulospinal tract controls axial muscles21, it is thought 
that alteration in the brainstem or the cortical network 
involved in sensorimotor transformation, during body 
growth (i.e., preadolescent and adolescent period) may 
translate into abnormal trunk muscles activation caus-
ing permanent spinal deformities.19,22 It has been reported 
that AIS patients, when asked to judge the amplitude of 
the whole body rotation, underestimated the amplitude 
of the angular displacement to a greater extent than con-
trols.18 However, in this last study, the vestibulo-ocular 
reflex	(VOR)	gain	(defined	as	eye	speed	divided	by	head	
speed) of the AIS patients was similar to controls. These 
latest results promote the suggestion that it is the cortical 
mechanisms performing the sensory processing and sen-
sorimotor transformation rather than the brainstem that is 
malfunctioning in AIS patients.23-25

 One way to assess sensorimotor transformation capabil-
ity is to manipulate sensory information and quantify its 
effect on motor control. For instance, the role of vestibu-
lar information on upright balance control can be evalu-
ated using bipolar binaural galvanic vestibular stimulation 
(GVS).22,26-28 With the head in neutral position, GVS evokes 
body sway mainly along the frontal plane and the direction 
is toward the side of the anode.29 By changing the polarity 
of the stimulation (i.e., anode on the right or left mastoid), 
body sway can be induced on the right or left. Using ves-
tibular stimulation, abnormal vestibulomotor control has 
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been observed in AIS patients; compared to controls AIS 
patients demonstrated larger body sway either during or 
immediately after GVS cessation.30

 It has been suggested that scoliosis could be related to 
a delay in the development or a distortion of the body 
schema.9,31 Although attractive, this suggestion should 
be	 further	 investigated.	 Body	 schema	 refers	 to	 specific	
neural cortical networks holding an updated map of the 
body shape, dimension and posture. In other words, at the 
cortical level, the processing of the various sensory sig-
nals forms a sensory map of the body.32 As an example, 
when using a tool to elongate the hand the brain needs 
to take into account the change in the body dynamics to 
ascertain proper movements.33 In such a case, the body 
schema is updated; the participants perceive their arm as 

being longer.34 Proprioception and vision are crucial for 
body schema updating, however, it has been recently sug-
gested that vestibular information also contributes to body 
schema updating.33,35-37 For instance, it has been demon-
strated that vestibular stimulation enhances somatosen-
sory input and even modulates visual processing.36,38 
Furthermore, it has been reported that patients with ves-
tibular disorders might encounter distortions of their body 
schema.37 Consequently, dysfunction in the mechanisms 
processing sensory information can cause asymmetry or a 
change in the amplitude of the vestibulomotor commands 
and alters the body schema. During rapid spine growth, 
this condition would lead to spine deformation and asym-
metrical trunk proprioception promoting the updating of 
a distorted body schema (Fig. 1).31,34,39
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Figure 1: 

Theoretical model of the association between a distorted body representation and the 
development of spine deformation. Alteration in the processing of sensory information could 

create a deformation of the body representation. Consenquently, the motor commands from the 
sensorimotor transformation process would be altered (e.g., asymmetrical). During a critical 

period of the development, this would create spine deformation. As a result, torso proprioception 
would be asymmetrical promoting body representation distortion.
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 The present study is part of a research programme as-
sessing the vestibulomotor control of balance in AIS. The 
objective of the present study was to establish an experi-
mental framework for testing whether spine deformation 
could be related to a distortion of the body schema. Since 
the body schema is continuously updated through sensory 
signals, it is possible that surgical intervention that dras-
tically reduces spine deformation or bracing that creates 
proprioceptive rehabilitation, through torso propriocep-
tive cues, lead to a recalibration of the body schema. If this 
is the case, improvement in balance control either during 
or after sensory manipulation should be observed follow-
ing spine surgery or long-term bracing. If this hypothesis 
is supported, it would indicate that the weight of pro-
prioceptive information from the torso is larger than the 
weight of vestibular information (participants are tested 
in absence of vision) in the updating of body schema. An 
alternate hypothesis is that balance control improvement 
is caused by a decrease in the biomechanical forces acting 
on the spine due to a lessening of the spinal curvature. 
It has been demonstrated, however, that reintegration of 
sensory information altered balance in AIS patients which 
favours	 the	 first	 hypothesis.17 In contrast, if body sway 
does not decrease following spine surgery or long-term 
bracing, it would suggest that the cortical mechanisms 
involved in sensorimotor transformation are impaired. 
In this case, although straightening the spine or bracing 
would improve torso proprioceptive cues, it would not be 
sufficient	to	recalibrate	effectively	the	body	schema.

Methods
Three participants were involved in this study. All of 
them gave their written informed consent according to 
Laval University biomedical ethics committee. Ves-
tibular stimulations were delivered using a DS5 bipolar 
constant current stimulator (Digitimer Ltd, Garden City, 
UK). The skin behind the ears over the mastoid process 
was prepared bilaterally using electrode skin prep pad 
(Dynarex, Orangeburg NY, USA) before placing the 
PALS Platinum 3.2 cm electrodes (Axelgaard Manufac-
turing Co Ltd, Failbrook CA, USA). The electrodes were 
secured using 3M Transpore Tape 1527-1(3M). Par-
ticipants performed the same tasks; they stood upright 
with their eyes closed and their feet 2 cm apart and with 
each foot standing on a force platform. Balance control 
was assessed using two force platforms (AMTI-model 

BP400600NC-1000, Watertown, MA, USA). The hori-
zontal displacement of the torso along the frontal plane 
was evaluated using sensors (Polhemus – model Liberty 
240/8, Colchester VT, USA) located at C7 and L5/S1. 
Because	these	measurements	are	influenced	by	either	the	
height (i.e., L5/S1 and C7 displacement) or the weight 
(i.e., vertical force) of the participants, sensor horizon-
tal displacement was normalized to participant’s height 
and the vertical forces were normalized to participant’s 
weight. For each trial, data acquisition started only when 
the participant’s weight was evenly distributed accord-
ing to the amplitude of each foot vertical force. Each 
trial	was	 divided	 into	 four	 epochs.	The	 first	 2-seconds	
were used to assess baseline balance control prior to 
GVS (preGVS [2 0]). The following 2-seconds served 
to evaluate vestibulomotor control. A GVS of 1mA of 
amplitude and lasting 2 seconds was applied to assess 
vestibulomotor control (GVS [0 2]). For 15 trials, the an-
ode was located on the left mastoid process (inducing a 
right to left body movement along the frontal plane) and 
for 15 trials the anode was located on the right mastoid 
process (inducing a left to right body movement along 
the	frontal	plane).	The	first	second,	following	GVS,	per-
mitted to assess balance control during sensory reinte-
gration ([2 3]) while the following 2-second was used to 
evaluate whether participants’ balance control returned to 
baseline level (balance recovery [3 5]). The body sways 
of the two AIS patients were compared to normative data 
obtained from 15 age-related adolescents without spine 
deformities or neurological problems (control group – 
CTR). For the adult case, the control group is composed 
of 16 age-related young adults. AIS participants were 
evaluated twice; the second assessment occurred at least 
12-month following the initial evaluation (hereafter, T0 
and	T1	are	used	to	evoke	the	first	and	second	evaluation).	
The same experimenter and the same material were used 
for both evaluations. From the force platform data, the 
Root Mean Square values (RMS) of the vertical forces 
were computed before vestibular stimulation (pre-GVS 
[-2 0] interval), during vestibular stimulation (GVS [0 2] 
interval), immediately after the cessation of the stimula-
tion (sensory reintegration [2 3] interval), or later in time 
(balance recovery: post [3 5] interval). Normative data 
for the RMS vertical force value calculated in the two 
control groups are presented in Table 1.
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Case 1: Effect of spine surgery on balance control
This case concerns a 17-year-old male. He was 14 years 
old	when	he	first	saw	his	orthopedic	surgeon.	The	assess-
ment of his balance control was performed when he was 
15 year old. There were 3 other known cases of scoliosis 
in his family: his 2-year younger sister (mild scoliosis, 
Cobb	 angle	=	 20°),	 his	mother	 (unknown	Cobb	 angle),	
and his mother’s sister (she probably had a severe spine 
deformation since she had had corrective spinal surgery). 
At the initial balance control assessment (T0), his Risser 
sign was 1 (i.e., index of osseous maturity based on iliac 
crest	ossification,	ranging	from	0	to	5)	and	he	had	a	52°	
right thoracic curve and a 34° left lumbar curve. At the 
age of 16, he underwent surgery. Pre-surgery neurological 
routine	 examination	 did	 not	 report	 any	 findings.	Motor	
conductance was normal in both lower limbs, sensory 
conductance	was	difficult	to	obtain	on	the	right	side	but	
lumbar spine MRI was normal. The surgery consisted of 
reducing the curves and vertebrae rotations using transpe-
dicular screws from the third thoracic to third lumbar 
vertebrae and two Harrington rods. Following the sur-
gery (T1), 18-months later, he had an 18° right thoracic 
curve and a 14° left lumbar curve. His Risser sign was 
5. Because spine deformation and surgical instrumenta-
tion necessarily constrained trunk mobility, the partici-
pant’s trunk maximal voluntary range of motion along the 
frontal	plane	was	quantified	using	the	sensors	located	on	
the 5th lumbar vertebra (L5), and on the 7th cervical ver-

tebra	(C7).	Right	and	left	maximal	voluntary	trunk	flex-
ions were 30°and 38° before surgery (T0) and 23° and 27° 
following surgery (T1). Maximal torso deviations, due to 
vestibular stimulation, were smaller than his voluntary 
range of motion: 4° and 6° at T0 and 2° and 2° at T1 for 
right and left movements, respectively.
 Before spine surgery, his balance instability was much 
larger than controls during and after vestibular stimula-
tion; the vertical force RMS values were 2.4 times greater 
than controls during GVS ([0-2]) and 4.9 times immedi-
ately following GVS (i.e., sensory reintegration epoch, 
[2-3]) (Fig. 2). Following spine surgery (T1), however, his 
balance control slightly improved. For instance, his verti-
cal force RMS values were both 1.3 times greater than 
controls for the GVS and sensory reintegration epochs, 
respectively. It is worth noting that, following spine sur-
gery, his vertical force RMS values diverged slightly from 
controls during the GVS epoch mainly because the verti-
cal force slightly increased toward the end of the interval 
whereas it leveled out for controls. Overall, for this AIS 
patient, it seems that the spine surgery improved his bal-
ance control.

Case 2: Effect of bracing on balance control
Case 2 is a 15-year-old girl and the sister of case 1. Her 
balance control assessments were performed the same 
day as her brother. At that time (T0), she was 13 when 
a 16° right thoracic curve and a 13° left lumbar curve 

Table 1: 
Root mean square (RMS) values of the vertical force before (pre), during or after 

galvanic vestibular stimulation (GVS). These data are from a group of healthy 
adolescent (n=16) and a group of healthy young adult (n=15). Data are the means 

(standard deviation) of 15 trials per side.

[-2 0] 
pre-GVS

[0 2] 
GVS

[2 3] 
Sensory Reintegration

[3 5] 
Balance Recovery

Adolescents  
Right /Left

0.27 (0.07) / 
0.27 (0.07)

0.48 (0.11) / 
0.51 (0.18)

0.64 (0.19) / 
0.64 (0.20)

0.52 (0.15) / 
0.56 (0.16)

Young adults 
Right / Left

0.23 (0.11) / 
0.24 (0.10)

0.45 (0.16) / 
0.45 (0.13)

0.61 (0.22) / 
0.66 (0.24)

0.46 (0.17) / 
0.45 (0.12)
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were detected. At the time, her Risser sign was 2. Be-
fore	 the	first	balance	control	evaluation,	 the	patient	had	
been wearing a Providence brace for 2 months and was 
still wearing it 18-months later (i.e., at T1). Bracing did 
not change much her spine deformation; she had a 17° 
right thoracic curve and a 23° left lumbar curve and her 
Risser sign was 4. At initial evaluation (T0), during the 
vestibular stimulation, her balance control was impaired 
compared to controls; the vertical force RMS value was 
2.4 times larger (Fig. 3). Furthermore, her vertical force 
RMS value was 3 times larger than controls immediately 
following GVS (i.e., sensory reintegration interval, [2 3]) 
and she could not recover her balance to the same extent 
as the controls (balance recovery interval, [3 5]). Eighteen 
months later (T1), during GVS, her vertical force RMS 

value was 2.6 larger than control. Although it seems that 
the amplitude of her vertical force slightly decreased; her 
balance control was still impaired compared to controls. 
Immediately following the cessation of GVS (i.e., sen-
sory reintegration interval), her vertical force RMS value 
was 2.6 times greater than controls. Finally, it is worth 
noting that compared to controls, she had trouble recover-
ing her balance; the amplitude of her vertical forces did 
not reach a steady state. Overall, the present results sug-
gest that long-term torso proprioceptive cue provided by 
the brace partly improved (but still larger than controls) 
balance control while her lumbar deformation increased 
by 10°. This latest result suggests that the amplitude of 
the spine deformation is not necessary related to balance 
control impairment.

 
Figure 2: 

Case 1 mean vertical forces from 2 seconds before GVS 
onset to 3 seconds after GVS cessation. GVS onset 

starts at 0-s and lasts 2-s (shaded area). Regular lines 
present data for the right stimulation whereas the dashed 

lines depict data for the left stimulation. The thin lines 
represent mean data for age-matched controls (CTR 
group) and thick lines illustrate the data of the AIS 

patients before (T0: thick gray lines) and after spine 
surgery (T1: thick light gray lines).

 
Figure 3: 

Case 2 mean vertical forces from 2 seconds before GVS 
onset to 3 seconds after GVS cessation. GVS onset 

starts at 0-s and lasts 2-s (shaded area). Regular lines 
present data for the right stimulation whereas the dashed 

lines depict data for the left stimulation. The thin lines 
represent mean data for age-matched controls (CTR 
group) and thick lines illustrate the data of the AIS 

patients before (T0: thick gray lines) and 18-months 
after bracing (T1: thick light gray lines).
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Case 3: Effect of spine surgery in adult on balance 
control
This participant is a 20-year-old woman. There are two 
other known cases of scoliosis in her family: her grand-
mother and her older sister underwent spine surgery. Her 
scoliosis has been diagnosed when she was 11. Between 
the	diagnosis	and	the	surgery,	she	had	been	braced.	A	first	
surgery was performed when she was 14 and a second 
surgery	when	she	was	16.	Before	the	first	surgery,	she	had	
a 70° right thoracic curve and a 55° left lumbar curve. The 
last assessment of her spine deformation revealed that she 
still had a 35° right thoracic curve and a 30° left lumbar 
curve. The balance control assessment was realized fol-
lowing both spine surgeries. The analysis of the vertical 
force time-series during GVS revealed that her balance 

control was worse than controls; her vertical force RMS 
value was 2.3 larger than controls (Fig. 4). Furthermore, 
immediately following vestibular stimulation (i.e., sen-
sory reintegration epoch [2 3]), her balance control was 
still worse than controls; her vertical force RMS value 
was 4.5 times larger. Across time (i.e., balance recovery 
epoch, [3 5]), however, her vertical forces drastically de-
creased but her RMS value was still 1.9 larger than con-
trols. Overall, it is concluded that despite the absence of a 
complete reduction in her spine deformation, compared to 
controls, the cortical mechanisms performing sensorimo-
tor transformation are impaired.

Discussion
Visual, proprioceptive and vestibular information contrib-
ute to the perception of the body shape, dimension and 
relative limb position with respect to each other (body 
representation). Since it has long been reported that AIS 
patients have sensory processing impairments16,17,19,40-43, it 
is plausible to suggest that AIS patients could have a dis-
torted body representation. The aim of this study was to 
present an experimental framework to evaluate this sug-
gestion. It was hypothesized that reducing spine deforma-
tion, through conventional treatment, should allow recali-
brating body schema. As a result, reduction in spine de-
formation should translate into balance control improve-
ment either during or following sensory manipulation.

Bracing or surgery effect
Results have demonstrated that for cases 1 and 2, either 
the spine surgery or bracing slightly improved balance 
control. For both cases, however, balance control was still 
impaired during or following vestibular stimulation. For 
these patients, altering the asymmetry in torso propriocep-
tion through spine surgery or providing torso propriocep-
tive cue via bracing partly improved balance control. The 
cortical mechanisms that update the body schema likely 
weight differently the sensory signals.17,44 Consequently, 
for some patients, straightening the spine or wearing a 
brace could partly reduce body representation distortion. 
For these individuals, alteration in the sensorimotor trans-
formation of vestibular information would not be com-
pletely eliminated by the torso proprioception. In conclu-
sion, it is speculated that for these two cases, improvement 
in balance control during sensory deprivation or sensory 
reintegration implies a better body representation.

 
Figure 4: 

Case 3 mean vertical forces from 2 seconds before 
GVS onset to 3 seconds after GVS cessation. 

GVS onset starts at 0-s and lasts 2-s (shaded area). 
Regular lines present data for the right stimulation 

whereas the dashed lines depict data for the left 
stimulation. The thin lines represent mean data for age-
matched controls (CTR group) and thick lines illustrate 

the data of the AIS patients after spine surgery 
(T1: thick light gray lines).
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 For case 3, the reduction in spine deformation, through 
two surgeries, did not reduce her balance sway to the same 
extent as controls either during or immediately follow-
ing sensory manipulation. Nonetheless, it is worth men-
tioning that she still had a spine deformation post-surgery 
(i.e., 35° right thoracic curve and a 30° left lumbar curve). 
Therefore, one may suggest that balance control impair-
ment was related to biomechanical factor. The increase in 
vertical force immediately following vestibular stimula-
tion rule out this suggestion as performing sensory reinte-
gration led to balance control impairment. As a result, it 
seems that asymmetrical torso proprioceptive information 
(i.e., distorted body representation) led to suboptimal sen-
sorimotor	transformation	and	inefficient	balance	control.

Treatment of AIS
The recommendation from the Scoliosis Research Soci-
ety (SRS) indicates that for curves between 25° and 40° 
patients should be braced.45-47 For these curve severities, 
surgical treatment is not necessary as long as the curve 
remains below 45° even if it progresses despite bracing. 
Surgical treatment is recommended for patients that are 
still growing with curve greater than 45°, or if the curve is 
larger than 45° and continues to progress even if growth 
has stopped. The purpose of surgical intervention is two-
fold: i) to prevent curve progression and ii) to reduce 
spine deformation. On the other hand, bracing only slows 
curve	progression.	Therefore,	to	be	efficient,	bracing	must	
be prescribed as soon as possible. Bracing is considered 
an effective treatment with 72% of success ( i.e., the curve 
did not worsen) compared to 42% after observation.48 
Furthermore,	there	is	a	significant	positive	association	be-
tween hours of bracing and treatment success; 12.9 daily 
hours of bracing entails a success rate of 90 %.48

Limitations and research recommendation
Undoubtedly, scoliosis onset or progression involves 
multiple factors. Alteration in the processing of sensory 
information or in the mechanisms performing sensorimo-
tor transformation could be related to a genetic defect, 
for example. Therefore, alterations in sensorimotor trans-
formation, for example due to a distortion in body rep-
resentation, might be related to scoliosis onset or progres-
sion in some patients. This case series propose a tentative 
experimental framework to explore whether a potential 
link between body representation and scoliosis exists. 

This study has various limitations. Obviously, to better 
test the experimental framework and draw any conclu-
sion, more AIS patients need to be tested before and after 
spine surgery to thoroughly verify whether reduction in 
spine deformation translate into a better body represen-
tation. Because of its complex aetiology, it is proposed 
that grouping AIS patients based on the severity of the 
spine deformation could mix patients with various causes 
(e.g., genetic, neurological dysfunction, hormonal). Con-
sequently, an approach based on detecting the prevalence 
of a biomarker (e.g., vestibular impairment) should be 
used.49

 The motor response evoked by GVS is reliable in 
healthy individuals and individuals with vestibular path-
ology over weeks (personal communication with the au-
thors).50 Although in the present study balance control 
was	 studied	 after	 several	months,	we	 are	 confident	 that	
this period did not affect our results since the motor re-
sponses evoked by GVS are unaffected up to 60 years old.

Conclusion
Overall, the present results suggest that reducing spine de-
formation does not necessary translate in balance control 
improvement. The three cases demonstrated different be-
haviour following conventional treatment. For instance, 
spine surgery improved to a great extent balance control 
in case 1 either during or following sensory manipulation. 
In contrast, bracing had a slight effect for case 2 while her 
lumbar deformation increased by 10°. For case 3, reduc-
tion in spine deformation through surgeries did not trans-
late in balance control similar to controls. The absence 
of clear-cut results supports the idea that AIS is a multi-
factorial pathology. Consequently, studying the effects of 
conventional treatment on balance control while manipu-
lating sensory information (e.g., through GVS) could give 
some insights into the physiopathology of AIS patients 
with balance control impairment.
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