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Abstract

Unilateral vestibular hypofunction (UVH) patients were submitted to a 
vestibular rehabilitation (VR) program with two different protocols based 
on the unidirectional rotation paradigm. One group (N=28) was submitted 
to active gaze stabilization exercises with the head impulse test (HIT), and a 
second group (N=31) with the passive whole-body rotation on a rotatory chair. 
Head or body rotations were always performed to the hypofunction side and 
a similar number of training sessions were used in each group (2 times a week 
for four weeks). Patients in each group were subdivided into three subgroups 
based on the time delay between onset of the disease and beginning of VR 
(early VR: the first two weeks after onset; late 1 VR: third and fourth weeks 
after onset; late 2 VR: one month and more after onset). The angular vestibulo-
ocular reflex (aVOR) and the directional preponderance (DP) regarding the 
horizontal canals were the main outcomes. The results pointed to similar 
findings with the two protocols, characterized by a significant improvement 
of the aVOR gain on the hypofunction side, responsible for the significant 
decrease of the DP in the horizontal canals. These powerful changes were 
observed in the early subgroups only. No significant modifications were found 
in the late 1 and late 2 subgroups. The data clearly attest to the effectiveness 
of the unidirectional rotation paradigm when performed in the acute phase of 
the disease, thus extending to UVH patients the concept of critical period for 
VR already demonstrated in animal models.

Background
Acute unilateral vestibular hypofunction (UVH) induces in both 

animals and humans many vestibular symptoms including spinning 
vertigo, spontaneous nystagmus, posture and gait imbalance, 
oscillopsia, and associated neuro-vegetative symptoms (nausea and 
vomiting).1 Most of the static deficits like spontaneous vestibular 
nystagmus and head tilt fully recover over weeks or months in a 
process referred to vestibular compensation while the dynamic 
deficits poorly recover, as illustrated by the angular vestibular 
ocular reflex2. It has been shown however that brain reorganizations 
can help the patients to recover their dynamic vestibular functions 
by means of sensory substitution mechanisms3, new behavioural 
strategies4,5, and changes in the brain functional connectivity as 
well6. If there is really a spontaneous compensation of the vestibular 
deficits7, the time to achieve the full recovery remains however 
relatively long (up to one year in UVH patients) and the final level 
of compensation is not optimal in many cases due to inappropriate 
strategies or avoidance behaviors implemented by the patients 
themselves8,9. The vestibular rehabilitation therapy (VR) is 
recognized today as a safe and effective tool to improve balance, 
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dizziness and quality of life in vestibular loss patients10,11. 
VR accelerates the functional compensation by shortening 
the time constant of the recovery process, and it optimizes 
the final level of vestibular compensation12. 

Vestibular rehabilitation and the unidirectional 
rotation paradigm 

Unidirectional rotation of the patient’s whole body 
towards the lesion side was first proposed at the end of the 
XXth century by Alain Semont, a French physiotherapist, 
as a clinical tool for rehabilitation of UVH patients. This 
so-called rotatory chair protocol was used to reduce 
the response from the intact labyrinth and, therefore, to 
decrease the vestibular asymmetry seen just after an acute 
unilateral vestibular loss. This VR protocol is still currently 
used in France and, according to the physiotherapists, it 
seems to work. Unfortunately, there are no publications in 
referred journals to support this method which has been 
ignored outside. In 2011, Ushio et al.13 provided the first 
demonstration in chronic unilateral labyrinthectomized 
macaques that unidirectional head rotations at high velocity 
to the lesion side reduced the aVOR gain asymmetry. Seven 
years later, Sadeghi et al. (2018)14 showed a rebalance of the 
vestibular system characterized by a significant reduction 
of the aVOR directional preponderance in patients with 
chronic vestibular dysfunctions submitted to unidirectional 
head rotations. Rebalance resulted from a slight increased 
aVOR gain on the disease side and a slight decreased aVOR 
gain on the intact side. We have confirmed this rebalance 
using gaze stabilization exercises at high velocity (>200°/s) 
to the lesion side in acute UVH patients, and we have 
showed that the mechanisms involved in gaze stabilization 
recovery differed as a function of the time delay between 
onset of the vestibular disease and beginning of VR with 
the unidirectional rotation paradigm15. A full recovery of 
dynamic visual acuity was observed with early VR, due to 
the restoration of quiet normal aVOR on the hypofunction 
side, while late VR led to slight improvements only by 
means of compensatory saccades.

Our study was the first to suggest the existence of a 
critical or sensitive period after onset of the vestibular 
pathology, that is, an opportunity time window during 
which VR must be performed to obtain the best functional 
recovery. This crucial aspect regarding both the patients’ 
quality of life and the health-care costs was highlighted 
recently by the American Physical Therapy Association16. 
Among the clinical research recommendations, the first 
is “to examine the concept of critical period for optimal 
vestibular compensation through studies that examine 
early versus delayed interventions”. Strong supports in 
favor of early exposure to sensorimotor therapy had been 
clearly evidenced in our animal models17,18, but it is still 
under debate for vestibular patients. As reviewed recently 
by Meldrum and Jahn (2019),19 positive outcomes for the 

recovery of dynamic visual acuity have been found when 
gaze stabilization exercises are initiated in the acute 
stage20,21, but some other studies suggest that VR benefits 
can be obtained at all phases of the disease process22. 
Since our data in acute UVH patients suggested clearly that 
earlier is better for the recovery of dynamic visual acuity15, 
one stimulating question was to know if this critical period 
is observed also with different unidirectional rotation 
paradigms. We have therefore compared in this study two 
vestibular rehabilitation protocols based either on active 
gaze stabilization exercises or on passive whole-body 
rotation to the hypofunction side in different groups of 
UVH patients submitted to early or delayed VR.

Methods

In this paper we have compared the changes in the angular 
vestibulo-ocular (aVOR) gain of the semi-circular horizontal 
canals, as well as the directional preponderance (DP) in 
patients with unilateral vestibular hypofunction (UVH). This 
pathology (vestibular neuritis) was assessed on the basis 
of patients’ history and clinical examination. The inclusion 
criteria were in accordance with the so-called big five defined 
by Strupp and Magnusson (2015)23: acute onset of spinning 
vertigo, postural imbalance, nausea, spontaneous horizontal 
rotatory nystagmus beating toward the non-affected side, 
positive Head Impulse Test (HIT) toward the affected side (gain 
below 0.60, presence of overt and/or covert saccades). The 
aVOR gain values of the horizontal semi-circular canals 
were evaluated from the Synapsys software (VHIT Ulmer, 
Synapsys, Marseille, France) by the ratio peak eye velocity / 
peak head velocity, and the directional preponderance (DP) 
was measured by the following formula: DP = (contralateral 
horizontal canal gain – ipsilateral horizontal canal gain) / 
(contralateral horizontal canal gain + ipsilateral horizontal 
canal gain) X 100. 

The UVH patients were submitted to two different VR 
protocols: 

Protocol 1: One group of UVH patients (N=28) was 
trained to perform active gaze exercises consisting of fast 
head rotations towards the hypofunction side only. As for 
the head impulse test (HIT), they were asked to do head 
movements with small amplitude (10°), high velocity 
(200°/s) and high acceleration (around 1500°/s). When 
the head parameters were correctly performed, a letter was 
displayed on a screen during 50 ms and they were asked 
to recognize this optotype15. Head and eye movements 
were recorded with videonystagmography (VHIT Ulmer 
recording system, Synapsys, Marseille, France). 

Protocol 2: The second group of UVH patients (N=31) 
was submitted to fast passive whole body rotation towards 
the hypofunction side only using the rotatory chair 
(Framiral, Grasse, France). Patients were sitting in the 
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chair, eye closed, and submitted passively to 3 full 360° 
turns at high velocity (200°/s; around 1000°/s-2000°/s2). 
The chair was suddenly stopped at the end of the third lap; 
the patient was required to open his/her eyes and to fixate 
a stationary target located 2 meters ahead at eye level. 

The two groups of UVH patients were each subdivided 
into three subgroups, depending on the time period 
between onset of the acute vertigo crisis and the beginning 
of VR with the gaze stabilization exercises or the rotatory 
chair protocol. UVH patients submitted to a VR performed 
as early as the first 2 weeks after onset of vestibulopathy 
constituted the early rehab subgroups. Patients receiving 
the VR between the 3rd and the 4th weeks after onset 
constituted the late 1 subgroups, while those with VR 
beginning 1 month or more after onset formed the late 2 
subgroups (Table I). 

The UVH patients in each of the three subgroups 
of each of the two populations were submitted to an 
equal number of training sessions, that is, two times 
a week for four weeks after inclusion of the patients. 
Measurements of aVOR Gain and DP were made just 
before and immediately after the end of the VR sessions 
by the physiotherapist during passive HIT. Five repeated 
passive head trusts were performed randomly to both the 
healthy and the hypofunction sides. It must be noticed 
that the two late 2 subgroups begin on the average the 
rehabilitation protocols when the two early subgroups 
had already finished their rehabilitation. Therefore, 
the late 2 subgroups on the first day of test had not 
received any specific training and can be seen as a control 

group without rehab. Comparing the early and late 2 
subgroups allow to discern whether recovery of dynamic 
canal function arises from the effects of the vestibular 
rehabilitation protocols or from natural, spontaneous 
recovery.

All the patients in the present study were not under 
drug treatment when included and not allowed to use anti-
vertigo drug treatments after inclusion. They gave written 
informed consent to participate. The study was conducted 
according to the Helsinki Declaration and the experimental 
protocol was approved by the local ethics committee 
(CCPPRB Nice). 

Statistical analysis was carried out using repeated-
measures analyses of variance (ANOVAs) with sub-groups 
(early, late 1, late 2) and parameters (aVOR gain, DP) as the 
between-patients factors and pre-rehab/post-rehab as the 
within patients factors. Moreover, given the small size of 
each subgroup, and the distribution of the values for each 
parameter in each subgroup that did not follow a normal 
Gaussian law, non-parametric tests were used to evaluate 
the effects of the two vestibular rehabilitation protocols. 
The Mann-Whitney U test compared the subgroups while 
the Wilcoxon signed rank test compared the pre- and post-
rehab values. Results were considered significant at p < 
0.01.

Results
The general ANOVA showed no significant differences 

regarding the factors age, gender, side of the horizontal 

Table I: The two groups of unilateral vestibular hypofunction (UVH) patients: The table shows the number (N) of UVH patients in each 
of the two groups submitted either to the Protocol 1 with gaze exercises rehabilitation (N=28) or to the Protocol 2 with rotatory chair rotation 
(N=31). Each group was subdivided into three subgroups depending on the time delay between onset of the pathology and beginning of 
the vestibular rehabilitation (early, late 1 and late 2 rehab). Mean time (and range, in days) from vertigo onset and beginning of vestibular 
rehabilitation with one of the two protocols are shown. Gender, mean age (and range) as well as side of the hypofunction side are indicated.
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canal hypofunction, and protocol. Significant differences 
were found between the subgroups for both the aVOR 
gain recorded on the hypofunction side (F (5,98) = 145.3; p < 
0.001) and the DP (F (5,98) = 127.5; p < 0.001). 

The figure 1 illustrates the aVOR gain values recorded 
on the hypofunction side before rehabilitation (Fig.1A) 
and after rehabilitation (Fig. 1B) with the rotatory chair 
protocol (upper plots) and the gaze exercises protocol 
(lower plots) across patients of the early (white boxplots), 
late 1 (grey boxplots), and late 2 (dark boxplots) subgroups. 
The boxplots show the median with the 1st and 3rd quartiles 
and whiskers indicating the minimal and maximal aVOR 
gain values. It must be noted that the three subgroups in 
each protocol showed very similar aVOR gain values before 
rehabilitation (p=0.64), a result strongly suggesting that 
the patients in the late subgroups, and particularly the late 
2 subgroups, had not naturally recovered their horizontal 
canal function on the hypofunction side before starting the 
rehabilitation protocols. 

The results showed that the changes in the aVOR 
gain on the hypofunction side were strongly dependent 
on the time delay between the onset of pathology and 
beginning of VR. Significant differences between pre- and 
post-rehabilitation were observed in the early subgroups 
only, with mean aVOR values of 0.29 (± 0.28) before 
rehab increasing to 0.69 (± 0.27) after rehab with the 
gaze exercises protocol (p<0.001), and of 0.23 (± 0.19) to 
0.63 (± 0.34) after rehab with the rotatory chair protocol 
(p<0.001). The late 1 and late 2 subgroups did not show 
any significant changes neither with the gaze exercises 
protocol (0.26 ± 0.24 to 0.30 ± 0.27, and 0.20 ± 0.21 to 0.27 
± 0.30, respectively), nor with the rotatory chair protocol 
(0.21 ± 0.12 to 0.33 ± 0.24, and 0.16 ± 0.12 to 0.22 ± 0.11, 
respectively.

Similar findings were seen with the DP parameter 
(Figure 2A-B; same illustration as for Fig. 1A-B). DP values 
represent the asymmetry between the aVOR gain recorded 
on the healthy and hypofunction sides before (Fig. 2A) and 

Figure 1A-B: Changes in the angular horizontal vestibulo-ocular reflex (aVOR) gain recorded on the hypofunction side: aVOR gain data 
from the protocol 1 (gaze exercises rehab: lower plots) and the protocol 2 (rotatory chair rehab: upper plots) measured just before the 
beginning of vestibular rehabilitation (A) and just after the four weeks rehabilitation period (B). The boxplots show the median with 1st and 
3rd quartiles, and whiskers indicate the minimum and maximum gain values. The white boxplots for each protocol show the pre-rehab and 
post-rehab values recorded in the early subgroups submitted to the rehabilitation protocol (2 times a week for 4 weeks) beginning during 
the first two weeks after onset of the pathology. The grey and black boxplots show the gain values for the late 1 (rehab starting between 
the third and fourth weeks) and late 2 (rehab beginning after 1 month) subgroups, respectively. * denotes a significant increase (p<0.001) 
between pre-rehab and post-rehab gains.
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after (Fig. 2B) rehabilitation with the rotatory chair protocol 
(upper plots) and the gaze exercises protocol (lower plots) 
for each of the subgroups of UVH patients (early: white 
boxplots; late 1: grey boxplots; late 2: dark boxplots). The 
data showed mean values decreasing significantly in the 
early subgroups only, from 53.5 (± 32.1) to 27.9 (± 36.6) 
with the gaze exercises protocol, and from 57.8 (± 15.6) to 
16.0 (± 9.8) with the rotatory chair protocol. The late 1 and 
late 2 subgroups did not exhibit significant changes (from 
62.1 ± 38.5 to 57.5 ± 37.6 and 60.6 ± 24.3 to 56.9 ± 24.5, 
respectively, for the gaze exercises subgroups, and from 
62.5 ± 18.7 to 44.9 ± 17.6 and 68.1 ± 18.9 to 58.8 ± 16.2, 
respectively, for the rotatory chair protocol).

Interestingly, the DP decreases observed in the early 
subgroups resulted only from improvement of the horizontal 
aVOR gain recorded on the hypofunction side. No significant 
changes were found in the horizontal aVOR gain tested on the 
healthy side. For instance, the mean gain values recorded in 
the early subgroups were 0.82 ± 0.15 before VR to 0.86 ± 0.14 
after VR for the gaze exercises protocol, and 0.86 ± 0.18 before 
VR to 0.87 ± 0.12 after VR for the rotatory chair protocol.

Conclusions
The present study clearly shows that 1) UVH patients 

can regain a near normal horizontal aVOR gain on their 
hypofunction side only if they are submitted to an early VR 
and 2) aVOR gain improvement on the hypofunction side is 
found with the two VR protocols using the unidirectional 
rotation paradigm. Improvement of the aVOR on the 
hypofunction side is responsible for the significant decrease 
of the directional preponderance, that is, the reduction of 
the asymmetry between the two sides since the aVOR gain 
recorded on the healthy side showed no changes at all.

It was believed until a recent past that the aVOR gain 
on the hypofunction side did not improve with passive 
gaze stabilization exercises24,25, but these studies included 
chronic UVH patients only. The sole paper to report 
passive aVOR gain improvement concerned patients 
enrolled for VR within 1 month after their vestibular 
neuritis attack26. We recently demonstrated that such gain 
improvement was limited to UVH patients submitted to 
gaze stabilization exercises during the early stage of the 

Figure 2A-B: Changes in the directional preponderance (DP) for the horizontal semicircular canals: The DP was evaluated during passive 
horizontal head thrust tests to both the intact and the lesion sides and expressed in percent (DP = [(contralateral canal gain − ipsilateral 
canal gain) ∕ (contralateral canal gain + ipsilateral canal gain)] × 100). Same legends as in figure 1: the boxplots show the median with 1st 
and 3rd quartiles, and whiskers indicate the minimum and maximum DP values.  The subgroups receiving early rehabilitation with either the 
protocol 1 or the protocol 2 are the only subgroups to exhibit significant DP reductions (p<0.001). No significant changes were observed in 
the late 1 and late 2 subgroups.



Lacour M, Tardivet L, Thiry A. A critical period for rehabilitation of unilateral 
vestibular hypofunction patients with the unidirectional rotation paradigm. J 
Rehab Therapy.2020;2(1):16-22

Journal of Rehabilitation Therapy

Page 21 of 22

vestibular compensation process, that is, the first two 
post-attack weeks during which many developmental 
plasticity mechanisms are re-expressed15. The present 
results extend to UVH patients the early opportunity time 
window evidenced in our animal models17,18. The aVOR 
gain improvement seen after early VR, but not late VR, 
can be explained by structural processes occurring in the 
vestibular nuclei, like sprouting of new terminals from 
remaining vestibular afferents or increased number of 
post-synaptic receptors, two adaptive mechanisms with 
time constants compatible with our findings27,28, and able 
to reweight the vestibular input on the hypofunction side. 
Repair and neural reorganization at the peripheral level 
in the vestibular sensory epithelium cannot be excluded29 
as well as learning processes implying the cerebellum30. 
Synaptic reorganizations could be dependent on the degree 
of vestibular loss on the hypofunction side, the reason 
why some patients in the early group with a total loss of 
horizontal canal function (aVOR gain = 0) did not improve 
as much as the others (cf Fig. 1B). 

It’s therefore better to do VR early because gaze 
stabilization exercises performed during the critical 
period of neural plasticity is the sole way to restore a near 
normal aVOR gain and to decrease fastly the directional 
preponderance observed in the dynamics of the horizontal 
semicircular canals. When VR is performed outside this 
sensitive period, neural plasticity is reduced or lost and 
other adaptive mechanisms like the covert saccades can 
substitute to the abnormal aVOR4,5. However, unlike the 
mechanism of aVOR recovery, such a behavioral substitution 
process remains unable to restore a normal dynamic visual 
acuity15. Accordingly, to get the right vestibular diagnosis 
fastly and to start very early the vestibular rehabilitation 
are two main messages for the otorhinolaryngologists and 
the physiotherapists, respectively. This seems to be the only 
way for the patients to build an optimal functional recovery 
and to regain the best quality of life.

Our data also clearly show that aVOR recovery and 
decrease of the DP were found with the two protocols 
using the unidirectional rotation paradigm. It means 
that when performed early after onset of the pathology, 
both active training with gaze stabilization exercises 
or whole body passive rotation with the rotatory chair 
lead to similar improvements. A significant reduction 
of the DP had already been observed in both unilateral 
labyrinthectomized monkeys13 and UVH patients14 after 
training with the unidirectional rotation protocol. The 
authors found a DP decrease as a result of a non-significant 
increase of the aVOR on the hypofunction side and a non-
significant decrease of the aVOR on the healthy side. The 
reason why the hypofunction side did not regain a normal 
aVOR in the above mentioned studies is very likely the 
long time delay between onset of the lesion and beginning 
of VR (2 months in the monkey, chronic and not acute 

patients). The only requirement to get aVOR recovery and 
DP decrease is therefore, to do early head/whole body 
rotations to the hypofunction side only. Indeed, when 
rotations on both sides were allowed, both DP and aVOR 
gain remained unchanged13. 

It is reported in the literature that some UVH patients 
recover naturally a near normal aVOR gain with time 
without vestibular rehabilitation31.  The proportion of UVH 
patients with dynamic vestibular recovery remains however 
low and the interesting question is to know why. Most of 
the UVH patients with late diagnosis and late rehabilitation 
report to have limited activities at home and/or to use 
maladaptive strategies and avoidance behaviors (do not 
move the head, close the eyes during head turn to the lesion 
side, …). The reason why they do not recover their dynamic 
semicircular canal function. Age and likely associated 
comorbidities are aggravating factors. In our study, the 
patients in the late 2 subgroups were not submitted to any 
rehabilitation before their first test, and they showed aVOR 
gain and DP values close to those recorded in the early 
subgroups at the first test. This indicates clearly that they 
had not recover naturally their dynamic canal function in 
the absence of early rehabilitation.

At the end of the XXth century, French physiotherapists 
had used for the first time the rotatory chair protocol to 
reduce the vestibular asymmetry and the DP observed 
during the acute phase of their UVH patients. They 
believed to silence the healthy side by rotating the patient 
to the hypofunction side by habituation, not to restore the 
hypofunction side by adaptation processes, but their clinical 
protocol was right. Similar improvements of the aVOR gain 
and DP were found in this study with the two protocols 
using either active gaze stabilization exercises or passive 
whole-body rotation with the rotatory chair. This clearly 
attests to the effectiveness of the unidirectional rotation 
paradigm that should be considered as a useful clinical 
tool in the rehabilitation program of acute vestibular loss 
patients. 

Limitations of the study
The future should be to further evaluate this paradigm 

in randomized controlled trials done in larger samples of 
UVH patients, and in other vestibular pathologies as well. In 
addition, vestibular rehabilitation using the unidirectional 
rotation paradigm should also evaluate the effects of 
more intense training (increased number of rehabilitation 
sessions) on the aVOR gain and the DP parameter, and their 
meaning for the patient’s daily life. An opportunity window 
for the recovery of posture and balance is also a relevant 
question that should be tested. Finally, comparing these 
outcomes with the self-evaluation of the patient’s vertigo 
and dizziness could also contribute to a more precise 
evaluation of the sensitive period during which training 
should be done more intensively. 
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