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reduces postural asymmetry after stroke. This short-term 
effect of the vibration is more effective in patients suscepti-
ble to visual illusion. This result was consistent with a cen-
tral effect of NMV on the structures involved in the elabo-
ration of perception of body in space.

Keywords Stroke · Neck muscle vibration · Balance 
control · Posturography

Introduction

A major part of a stroke patient’s rehabilitation is focused 
on balance training, because balance recovery crucially 
contributes to the end result. Balance is a prognostic factor 
for autonomy, transferring and walking recovery (Bohan-
non and Leary 1995; Fong et al. 2001; Nardone et al. 
2009). Postural disorders can be explained by motor or 
sensory deficit (Geurts et al. 2005; Sackley 1990; Winstein 
et al. 1989), and spatial cognition deficit may add to bal-
ance disturbance (Rode 1998).

Compared to patients with left hemispheric lesion 
(LHL), those with RHL take longer to recover balance and 
independence (Rode 1998; Perennou 1999). And in left 
hemiplegics, slow balance recovery is likely to be related 
to spatial cognition disorders (Goto et al. 2009; Katz et al. 
1999; Perennou 1999). Despite this overriding issue of bal-
ance disorder management, no treatment techniques spe-
cifically addressing this cognitive component of imbalance 
are currently being used. First tested for the correction of 
spatial bias in cases of neglect, vestibular, visual or propri-
oceptive are likely to be of interest in managing the pos-
tural deficiencies associated with cognitive disorders after 
stroke (Rode 1998; Perennou 1999). Several stimulations 
have been tested to improve body position shifts related 
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to spatial cognition disorders (Bonan et al. 2015). But to 
our knowledge, neck vibrative stimulation has not yet been 
tested as a means of improving postural asymmetry after 
stroke.

The neck muscle proprioception system plays a par-
ticularly crucial role in the perception of the body in space 
and in postural orientation because of its direct links with 
the vestibular and oculomotor systems (Biguer et al. 1988; 
Kavounoudias et al. 1999; Marsden et al. 2005). Messages 
from the proprioceptive receptors of the neck and vestibular 
receptors in conjunction with eye direction information help 
to localize objects relative to the body. Vibration is a potent 
proprioceptive stimulus for the primary endings of the mus-
cle spindles (Gilhodes et al. 1992). In addition to segmental 
response, neck muscle vibration (NMV) has been shown to 
produce global effects probably through activation of the 
brain function related to multisensory integration that helps 
to restore the body representation (Ivanenko et al. 1999; 
Karnath et al. 2002; Pettorossi and Schieppati 2014).

Our working hypothesis was that proprioceptive stimu-
lation by neck muscle vibration could improve mental 
body representation in space and consequently reduce the 
postural disturbance associated with cognitive impairment 
after stroke.

The aim of our study was to assess the effects of pro-
prioceptive stimulation by one NMV session on balance 
disturbances in stroke patients. We also evaluated the rela-
tive importance of side of lesion, susceptibility to visual 
illusion and sensitivity.

Materials and methods

This prospective study was conducted in the physical and 
rehabilitation medicine (PRM) department of the Univer-
sity Hospital of Rennes and in the neurological PRM unit 
of Kerpape Center. From April 2011 to April 2013, all 
patients with either right or left hemispheric stroke were 
included if they met the inclusion criteria.

Population

The group consisted of thirty-one patients: 25 men and 6 
women with a mean age of 61.5 years (standard deviation 
(SD) 10.6), all of them right-handed and who were admit-
ted to the study less than 6 months after their first hemi-
spheric stroke. Patients were included provided they were 
able to stand up with closed eyes for 30 s and had a lat-
eral ipsilesional deviation of the CoP. Patients were not 
included if they were over 80 years of age, had a neurologi-
cal history before stroke or suffered from vertigo, vestibu-
lar dysfunction, amblyopia or reduced alertness. Aphasic 
patients were not included if they failed to understand the 

procedure. A complete examination was performed: func-
tional independence using the Barthel Index (Mahoney and 
Barthel 1965), motor impairment using the motricity index 
(Collin and Wade 1990) and the functional ambulation 
classification modified (FAC, Holden et al. 1984). Postural 
performances were considered by the Postural Assessment 
Scale for Stroke (PASS). Neglect was evaluated by the 
Bells test, line bisection and figure copy and considered to 
be present if at least two tests were positive.

After having reviewed the research project, the local 
Ethics Committee of Rennes University Hospital has issued 
a favorable opinion (Number 11.12). Before testing, we 
collected informed written patient consent.

Experimental protocol

Neck muscle vibration

Subjects were made to sit in a dark room. A red light spot 
was projected on the wall in front of patient. Patients were 
classified as susceptible to vibration if a visual illusion of 
light spot deviation occurred toward the side opposite the 
stimulation. In this case, the vibrator was positioned on 
the neck so as to ensure that the vibration would cause 
the maximal illusion of light spot deviation. When no 
illusion was induced, the position of the vibrator was in 
the position mostly used in responsive patients: the para-
occipital area on the contralesional side. In this position, 

Fig. 1  Representation of patient with right hemisphere lesion (rep-
resented by a cross) receiving a contralesional side vibration (repre-
sented by a cube). This patient is susceptible to visual illusion: In the 
dark, the patient feels an illusion of light spot movement toward the 
side opposite the vibration area (illusion of spot deviation represented 
by an arrow
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vibration is presumably above the semispinalis and sple-
nius (Fig. 1).

After vibration positioning, the subjects received neck 
muscle vibration for 10 min while blindfolded (Fig. 2). Fol-
lowing previous studies about neck muscle vibration (Gil-
hodes et al. 1992; Biguer et al. 1988), we applied vibration 
on the side toward which we expect displacement. So the 
vibration is set up on the left side when the cerebral lesion 
is on the right.

The vibration was continuously delivered at 80 Hz by 
a plastic tube 7 cm long and 3 cm diameter (VB 115®, 
Techno Concept, France) held in place by a rubber band. 
Stimulation was given in the sitting position, which reduces 
the risk of falling that can be induced by a change of bal-
ance (Duclos et al. 2007; Wierzbicka et al. 1998).

Quantification of the postural responses to neck vibration

The first evaluation was carried out at rest. Patients stood 
on a force platform (SATEL®, France) for 25 s, and the 
displacement of the center of pressure (CoP) was recorded 
(Brun et al. 1993). The instruction given to the patient was 
to maintain a standing position, arms at the sides. The first 
evaluation consisted of 4 sessions: 2 sessions with open 
eyes (OE) and 2 sessions with closed eyes (CE). For the 
“closed eyes” situation, the patient was provided with a 
headband to reduce the risk of eyes opening. The second 
evaluation was carried out with the same protocol immedi-
ately after 10 min of dorsal neck vibrations in sitting posi-
tion, beginning with the eyes-closed assessment (Fig. 3).

For each session, the mean position of the CoP in the 
mediolateral (ML) plane and in the anteroposterior (AP) 
plane (in mm) and the surface (mm2) were calculated. The 
average position during each of the two closed-eyes ses-
sions and the average position during each of the two open-
eyes sessions were then calculated for the first evaluation 
(at rest) and the second evaluation (after vibration). The 
difference in the mean position of the CoP (mm) between 
the first (at rest) and the second (after vibration) evaluation 
was calculated first with closed eyes and then with open 
eyes. Expressed in terms of pre-post difference, the differ-
ence was positive if the position of the CoP had improved 
once it had been completed and negative if it was worse.

Statistics

We used SAS software. Mean ML and AP position of the 
CoP and the surface during the eyes-open and the eyes-
closed situations were compared at rest and after vibra-
tion with Wilcoxon test. The alpha level was set at 5 %. 
We tested the effect of 3 factors on the variation using a 
mixed model with repeated measure subject adjusted to the 

rest position of the CoP: side of the lesion (RHL vs. LHL); 
susceptibility to visual illusion versus non-susceptibility to 
visual illusion; normal sensitivity versus low sensitivity. 
For multiple comparisons, we used a Bonferroni correction.

Results

Clinical data (Table 1)

The evaluation was conducted on average 3.1 months after 
stroke (SD 1.6). The cerebral lesion was right in 15 cases 
and left in 16 cases: 19 ischemic and 12 hemorrhagic.
Four patients had left spatial neglect. The motricity index 
was 49.4/100 (SD 24.6).

Epicritic sensitivity is tested twice compared to the 
healthy side by a foam point on thigh, leg and foot. The 
test is abnormal if the patient describes one zone of hypoes-
thesia or anesthesia on the contralesional side. Sensitivity 
was normal in 16 patients, abnormal in 15 patients (14 with 
hypoesthesia, one with anesthesia). The mean modified 
functional ambulation classification was 3.7/8 (SD 2.1). 
There was no difference between the RHL group and the 
LHL group (Table 1).

The posturography results in LHL and RHL groups are 
summarized in Table 2, and in absolute terms, no difference 
was noted between the two groups.

Effect of neck muscle vibration on all patients

The mean mediolateral CoP position of the patients was 
significantly displaced after vibration toward the hemi-
plegic side, i.e., to the left for the RHL and to the right 
for the LHL (the variation was positive) (ML devia-
tion: 20.7 ± 11.5 mm before NMV to 18.5 ± 13.5 mm 
after NMV; mean variation 3.1; p < 0.005) (Tables 3, 4). 

Fig. 2  Position of the neck muscle vibration (represented with a 
cube) on a blindfolded patient with right hemisphere lesion (repre-
sented with a cross)
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An example of deviation is presented in Fig. 4 for a LHL 
patient. Average AP position and surface did not change 
after vibrations (Table 3).

Effect of susceptibility to visual illusion, side of the 
stroke, sensitivity and neglect

Twenty patients (64.5 %) (11 RHL and 9 LHL) were found 
to be susceptible to visual illusion as they described the 
illusion of light deviation toward side of the lesion. The 
effect of vibration was present in patients who felt visual 
illusion (mean displacement variation: 4.7 vs. −0.08 mm, 
p < 0.05) Table 5.

Patients with a sensitivity deficit were more improved 
than those without it (4.3 vs. 1.7; p < 0.05). There is no 
dependence between motor capacities.

Overall, there was an interaction effect between side of 
stroke and sensitivity (p < 0.05). When comparing the two 
sides using multiple-comparison Bonferroni correction, we 
noted a very wide variation in hyposensitive patients with 
LHL 8.51 versus with RHL 1.08 (p = 0.19) (Fig. 5). While 
the effect of neglect was not statistically studied because 
the size of the group was insufficient (4 persons), these 
patients seemed to be more deviated at rest and to have 
more deviation in an eyes-open situation after NMV.

Fig. 3  Pattern of evaluation and stimulation procedure with time: 
t1—two posturographies (25 s each) with eyes open; t2—two pos-
turographies (25 s) with eyes closed; t3—vibration positioning in 

darkness; t4—10 min of neck muscle vibration (NMV); t14—two 
posturographies (25 s) with eyes closed after NMV; t15—two pos-
turographies (25 s) with eyes open after NMV

Table 1  Clinical data, patients 
with right hemispheric lesion 
(RHL) and patients with left 
hemispheric lesion (LHL)

Data are presented with mean (±standard deviation) except for number of patients with sensitivity deficit, 
susceptibility to NMV visual illusion or neglect

RHL group  
n = 15

LHL group  
n = 16

p

Age (years) 62.1 (±8.5) 60.9 (±12) 0.76

Male/female 11/4 14/2

Time after stroke (months) 2.6 (±1.6) 3.6 (±1.6) 0.10

Sensitivity

 Hypoesthesia 7 7

 Anesthesia 1 0

Susceptibility to visual illusion 11 9

Functional ambulation classification modified (/8) 3.8 (±2.3) 3.6 (±1.9) 0.77

Motricity index (/100) 49.4 (±26.9) 46.5 (±26.2) 0.7

Number of neglect patients 4 0

Table 2  Posturography results in right hemisphere lesion and left 
hemisphere lesion patients

Mediolateral (ML) deviation and anteroposterior (AP) deviation in 
mm, with closed eyes (CE) and open eyes (OE)

RHL (15) LHL (16) p

ML deviation

 CE 21.6 (±14) −18.5 (±6) 0.9

 OE 21.9 (±13) −21.1 (±10) 0.4

AP deviation

 CE −37.9 (±10) −34 (±12) 0.6

 OE −38.6 (±16) −36.8 (±10) 0.5

Surface

 CE 1244 (±956) 1393 (±1169) 0.7

 OE 642 (±475) 901 (±832) 0.6

Table 3  For all patients mean anteroposterior (AP) position of the 
center of pressure, surface and (standard deviation), at rest and after 
neck muscle vibration (mm)

Mean ML devia-
tion

Mean AP devia-
tion

Surface

Before NMV 20.7 (±11.5) −35.7 (±12.3) 1866 (±3882)

After NMV 18.5 (±13.5) −33.5 (±12.8) 1035 (±1055)

p <0.005 0.36 0.11
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Discussion

Balance maintenance requires multiple afferent information 
(from vestibular, visual and proprioceptive receptors) and 

efferent information (from motor effectors) in order to elab-
orate internal spatial representations of the body in space 
(Andersen et al. 1993; Merfeld et al. 1999). This informa-
tion can be transformed into different and changing systems 

Table 4  Data for mean 
mediolateral deviation of center 
of pressure before and after 
neck muscle vibration, with 
closed eyes (CE) and open eyes 
(OE), on patients with right 
hemisphere lesion (RHL) or left 
hemisphere lesion (LHL)

All patients (31) RHL patients (15) LHL patients (16)

OE CE OE CE OE CE

Before NMV 21.5 20 21.9 21.7 20.6 18.6

After NMV 19.4 17.6 19.4 20.1 17.2 13.7

Variation 2.9 3.2 2.5 1.4 3.4 4.8

Fig. 4  Example of an 
evaluation of a LHL patient 
by posturography before (a 
closed eyes, c open eyes) and 
after vibration (b closed eyes, 
d open eyes): The mediolateral 
deviation evolved from −19.1 
to −8.5 mm with closed eyes 
after vibration and from −20.4 
to −9.0 mm with open eyes

Table 5  Mean ML position of the center of pressure at rest and after 
neck muscle vibration (mm), with closed eyes (CE) and open eyes 
(OE), for patients susceptible to visual illusion/not susceptible to vis-

ual illusion, patients with abnormal sensitivity/normal sensitivity and 
neglect patients

NMV visual suscepti-
bility (20)

No NMV visual suscep-
tibility (11)

Less sensitivity (15) Normal sensitivity (16) Neglect (4)

CE + OE OE CE CE + OE OE CE CE + OE OE CE CE + OE OE CE CE + OE OE CE

Before NMV 21 21 20.9 20.3 22.2 18.5 22.3 22.7 22.8 19.3 20.6 18 26 28.3 23.5

After NMV 16.7 17.9 15.4 21.8 21.9 21.6 18.9 19.3 19.2 18.1 18.1 18.1 24.4 25.9 23

Variation 4.7 3.3 6.1 −0.08 1.9 −2.1 4.3 2.0 6.7 1.7 3.5 −0.04 1.4 2.3 0.5
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of coordinates, using allocentric referential (environmental 
information) or egocentric referential (related to the sub-
ject’s body), with regard to the position of the subject in 
space, and the task to be accomplished. This spatial cogni-
tive processing can be altered by a stroke lesion, leading to a 
bias in body orientation (Perennou 1999; Rode 1998).

One session of NMV produces an immediate reposition-
ing movement toward the stimulus. In addition, as previ-
ously described, in some patients it provokes the illusion 
of a lateral translation of the visual environment toward 
the contralateral side of the stimulus, which is typified by 
the illusory perception of movement to the right of a sta-
tionary light spot when the left neck muscle has received 
a vibration (Wierzbicka et al. 1998). As in other studies, 
we selected an area where the vibrations cause the greatest 
deviation of the light spot to the opposite side. Similarly to 
other authors, we found variable susceptibility to NMV vis-
ual illusion (Karnath et al. 2002; Schindler 2004). Nearly 
2/3 of our patients were sensitive to visual illusion. Indi-
vidual preference for proprioceptive input could explain 
this variability in behavior, a hypothesis supported by pre-
vious studies (Kluzic et al. 2007; Vibert et al. 2006). Inter-
estingly, we found that the efficacy of NMV in correcting 
the postural bias was higher in patients who experience this 
visual illusion of an environmental displacement. This find-
ing could be interpreted as no inhibition of descending sig-
nal in patients visually susceptible, and in this case, NMV 
might influence more the postural proprioceptive. NMV not 
only triggers a repositioning movement in the direction of 
the stimulation, but also provokes an illusory movement of 
the visual environment. This illusion was concomitant to a 
deviation of the subjective perception of the body (Karnath 
et al. 2002; Magnusson and Fransson 2006). NMV conse-
quently seems to influence the relative position of the body 
with respect to space.

This hypothesis is also reinforced by the study of Bot-
tini (2001), which carried out position emission tomogra-
phy scan during neck muscle vibration and showed cerebral 
activity in areas of multisensory integration, i.e., the insula, 
parietal operculum and superior temporal gyrus. Finally, 
some authors have studied cerebral activation during the 
illusion of movement produced by muscle vibrations, using 
functional magnetic resonance imaging (Naito et al. 2007; 
Romaiguère et al. 2003). Romaiguère et al. compared the 
cortical activities arising in subjects, with or without an 
illusion of movement. The illusion of movement specifi-
cally activated not only the controlateral sensorimotor and 
premotor, but also the parietal cortices in which the repre-
sentation of body in space is elaborated. Moreover, Weiller 
et al. (1996) showed that while activation in the sensori-
motor cortex was almost identical during voluntary and 
passive movements, the inferior parietal lobule was more 
active during passive movements, which suggests that a 
sensation of movement occurring in the absence of any vol-
untary command could lead to ascertaining by the central 
nervous system of the body representation in the parietal 
cortex. Altogether, these arguments are consistent with 
a central effect of NMV. NMV could ameliorate postural 
imbalance after stroke due to spatial cognitive impairment 
through central activation of the cortical areas involved in 
the mental representations of body (Roll 2003).

It should be added that neck vibrations seem particularly 
effective as a means of modulating the egocentric frame of 
reference since they produce a bias in the subjective per-
ception of the body median with “straight-ahead” percep-
tion deviated to the side of the vibration (Karnath et al. 
1993, 2002). Moreover, neck vibrations have been shown 
to improve motor actions in a neglected space, i.e., tactile 
and visuospatial exploration and copying tasks in neglect 
patients (Johannsen et al. 2003; Schindler et al. 2002). 

Fig. 5  Mean ML deviation of CoP (mm) before (in white) and after NMV (in gray) in groups with low sensitivity versus normal sensitivity, vis-
ual susceptibility versus no visual susceptibility for patients with left hemispheric lesion (LHL) and patients with right hemispheric lesion (RHL)
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Finally, another study has shown that unlike optokinetic 
manipulation, neck vibration does not seem to effectively 
contribute to judgments of object size, thereby suggesting 
that NMV may not act on the allocentric references (Schin-
dler 2004).

A few studies have evaluated the effect of sensory stim-
ulations on postural asymmetry in stroke patients. Prism 
adaptation using an artificial deviation of visual environ-
ment induced by 10° optical prisms was shown to effec-
tively reduce postural asymmetry in right-lesioned patients 
(Tilikete et al. 2001). In 1998, Rode studied the effect of 
vestibular caloric stimulation which reduces the postural 
asymmetry. Finally, optokinetic and galvanic stimulations 
have been recently tested in stroke patients (Bonan et al. 
2016). Both optokinetic and galvanic vestibular stimula-
tions could modulate the position of the hemiparetic’s 
center of pressure (CoP), and the postural effect was nearly 
double for RHL patients compared to that for LHL. Our 
study is the first study testing the effectiveness of contral-
esional dorsal neck muscle vibration (NMV) as a means of 
reducing postural asymmetry in patients undergoing stroke 
rehabilitation. In our study, however, we found no signifi-
cant difference between the RHL and the LHL groups in 
variation of the CoP after vibration. That said, our post-
stroke delay was nearly 3 months, compared to 6 months in 
Rode’s study, and we assume that this difference explains 
the discrepancy. In our patients, postural asymmetry at rest 
in RHL and LHL was quite similar, which is probably due 
to the fact that over 3 months, spatial cognitive impairment 
is not limited to RHL. It would be useful to compare these 
findings to the symptoms of neglect that are known to be 
initially present in both RHL and LHL. At a later stage, the 
LHL patients recovered more rapidly from the visuospatial 
disturbances and differences in visuospatial behavior that 
arise only at a distance between the RHL and the LHL.

Perennou et al. tested 3 groups of stroke patients (RHL 
with neglect, RHL without neglect and LHL) by another 
proprioceptive stimulation: transcutaneous electrical stimu-
lation on neck muscles during sitting position on a rock-
ing platform (Perennou et al. 1996). The stimulation effec-
tively reduced sitting balance instability in neglect patients 
only. In our study, stability in the standing posture was not 
improved since the surface did not change. However, it is 
quite difficult to compare our study with the latter study 
because stimulation was given in a sitting position on a 
rocking platform and evaluation was performed under stim-
ulation. It should also be recalled that our neglect patients 
were too few for statistical analysis. The statistical analysis 
was performed excluding neglect patients but do not influ-
ence results.

An interesting result of our study was that NMV was 
more effective in patients with abnormal sensitivity, espe-
cially in LHL. These patients with low sensitivity are 

probably more disturbed in their sensory integration and 
could be more receptive to sensory stimulation because 
of a higher spatial distortion. Those results were viewed 
with caution because of reduced statistical power due to 
the small sample. The particular effect in LHL could be 
explained by a more potent action of the stimulation due 
to the fact that the central structures of the right hemi-
sphere receiving multiple sensory information involved in 
the elaboration of the representation of body in space have 
been spared.

In our study, contrary to what was expected an anterior–
posterior deviation was not found. It could be explained 
by results in standard norms in our patients before stimu-
lation, and probably because the stimulation is unilateral. 
Furthermore, our primary aim is to research the effect on 
the mediolateral deviation, so we positioned the vibrator to 
have a maximum of light spot deviation toward the oppo-
site side of stimulation. If there was an illusion of vertical 
spot movement, we changed the vibrator position.

The order of post-stimulation tests (open eyes or closed 
eyes) has not been randomized. This would have been 
interesting, but we chose to conduct the assessment eyes 
closed just after stimulation so as not to cancel the effect of 
vibration by eyes opening. Visual feedback has a stabilizing 
influence on postural control, providing additional infor-
mation on position and orientation. Maintenance of eye 
closure during evaluation increased the efficiency of neck 
vibration in many patients, thereby suggesting that sensory 
recalibration may be less effective when visual afference is 
present. In previous studies it was equally important to sup-
press visual cues in order to obtain a better result in terms 
of sensorial stimulation (Karnath et al. 2002; Gomez et al. 
2009). Our findings are also consistent with the notion that 
the effect of sensory stimulation is induced by an illusion. 
The presence of visual cues definitely prevents the illusion 
of body translation relative to the visual environment elic-
ited by vibration. This could be especially crucial for stroke 
patients who have been shown to be visually dependent 
(Bonan et al. 2013; Yelnik 2005).

It is known that neck proprioception interacts with ves-
tibular system. Vibration of the neck muscles modifies the 
perception of vestibular self-motion (Pettorossi et al. 2015). 
We cannot separate the interaction neck proprioception 
and the vestibular sense, but to our knowledge no study of 
the direct effect of neck vibration on vestibular system has 
been carried out. The stimulation is carried out some dis-
tance from the mastoid, and to limit the vestibular activa-
tion, we used a low vibration amplitude. Other study with 
vestibular evoked potential could answer this question.

We studied the immediate effect of neck muscle vibra-
tion after stimulation because fatigability of hemiplegic 
patients in a standing position did not allow for prolonged 
assessments. But in other studies on healthy subjects, 
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correction of the bias, which was maintained throughout 
proprioceptive stimulation, did not stop once the vibra-
tion sensation had run its course, and even persisted after 
stimulation stopped (Karnath et al. 2002). This result sug-
gests a long-lasting and significant change in the percep-
tion of the body in space. Pettorossi et al. (2015) found 
that high-frequency neck muscle vibration induces an 
effect during 4 h on self-motion perception. Filippi et al. 
in (2009) found 90 days, a decrease in the area of sway of 
CoP after quadriceps vibration. However, the vibration of 
neck muscles appears to be effective in the long term on 
neglect symptoms if they are repeated (Johannsen et al. 
2003). The long-term effectiveness of vibration in the spe-
cific indication of the balance disorder due to poor repre-
sentation of body in space has to be confirmed in further 
study. That said, its long-lasting effect over several ses-
sions remains to be verified, even though it has already 
been tested for symptoms of visuospatial neglect (Schin-
dler 2004; Johannsen et al. 2003). Shindler showed that an 
effect on neglect symptoms could last at least 2 months. 
Johannsen demonstrated that ten 20-min NMV sessions 
may have an effect on neglect symptoms lasting for more 
than 1 year (Johannsen et al. 2003). Improvement for 
neglect symptoms was even more pronounced when the 
vibration was associated with visual scanning (Schindler 
2004) or occupational therapy (Kamada et al. 2011). As 
regards postural control, it would be of major interest to 
have it performed in association. As for neglect, it could 
be carried out as a supplement to traditional rehabilitation 
(with the advantage that it requires no additional time for 
the therapist) either simultaneously with balance exercises 
in a seated or standing position, or else during dynamic 
exercises. After our preliminary study, we have chosen to 
test in a new study the long-term effect of repetitive NMV 
sessions.

NMV is technically simple, easy to use in rehabilita-
tion centers and very cheap. In our study, side effects were 
not described, as they had been in previous studies (Biguer 
et al. 1988). The technique will be easy to apply, especially 
in the immediate post-stroke period, when spatial disorders 
(body misorientation and neglect) are the most flagrant. It 
can conveniently be used before balance acquisition as the 
patient can remain in a seated position, and once the vibra-
tion is in place, his cooperation is not required.

Conclusion

One session of NMV could reduce postural asymmetry 
after stroke. The durability of its effects will require con-
firmation in future studies. Several findings underscore its 
therapeutic effects on the postural disturbances related to 
spatial cognition impairment, the effects being achieved 

through central action on the structures involved in the 
representation of the body in space. It could therefore be 
useful to include this technique in balance rehabilitation in 
order to specifically treat the cognitive component of pos-
tural disturbances.
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