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• ABSTRACT TITLE:

Laboratory characterization of VestAid: a tablet-based technology for objective exercise monitoring in
vestibular rehabilitation

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
We developed and characterized VestAid, an innovative, low-cost home-exercise system that helps patients follow
therapists’ instructions and uses the tablet camera to automatically assess compliance in the performance of
vestibulo-ocular reflex (VORx1) exercises. The system provides the physical therapist with near real-time objective
(head speed, gaze compliance) and subjective (pre- and post- exercise symptoms, perceived difficulty) metrics of
compliance through a web-based provider portal.
The system is implemented as a tablet-based app for the patient and a web-based portal for the physical therapist.
The physical therapist inputs the parameters of the exercises (suggested dosage, direction and speed of head
movement, optotype shape and type, contrast with background). Video instructions on the tablet help patients
recall how to perform the VOR exercises and a metronome guides head speed during the exercises. The system
collects symptom data before and after each exercise which is then combined with objective performance data to
provide feedback to both the patient and the physical therapist.
Using the video stream of head movement, we developed fast and accurate face and facial landmark detection
algorithm to compute the head pitch, roll, and yaw angles. A peak detection algorithm is used to determine head
speed compliance to VOR x1 set parameters. A Convolutional Neural Network was trained for eye-gaze classification
and compliance determination.

We characterized the accuracy of the head angle estimation by comparing its performance on a subset of the BIWI
public dataset with Hopenet, a state of art deep-learning method that cannot be implemented on the tablet due to
high computational load. Comparable performance to Hopenet was observed with less than10 degrees average
geodesic error and less than6 degrees average absolute degrees in yaw plane. We characterized the accuracy of
VestAid’s head-turn frequency measurements by performing the head turn exercise with the VestAid system with an
Inertial Measurement Unit (IMU) affixed to the back of a head worn helmet. Data from 15 instances of 20 second
head-yaw movements with frequencies 80, 120, and 160 bpm yielded a median of average head angle error less
than 10 degrees. Publicly available data from 10 persons was utilized to train and evaluate the eye-gaze model,
which yielded above 90% accuracy, precision, and recall.
Initial results suggest that the VestAid system can determine the head frequency and eye gaze classification within
the required accuracy. Systematic data collection and human studies to further validate the technology are under
way.
This work is supported by the US Army Medical Research and Materiel Command under Contract Number listed on
W81XWH-18-C-0030. The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision unless so designated by
other documentation.
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• ABSTRACT TITLE:

Vestibular Rehabilitation with Mobile Posturography as a “Low-Cost” Alternative to Vestibular
Rehabilitation with Computerized Dynamic Posturography, in Elderly People with Instability

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background. Accidental falls, especially for the elderly, are a major health issue. Balance disorders are one of their
main causes. Vestibular rehabilitation (VR) has proven to be useful in improving the balance of elderly patients with
instability. Specifically, VR with dynamic computerized posturography (CDP) has proven to be especially useful for
elderly patients, because it not only improves the stabilisation of the centre of gravity (where sensorial stimuli are
absent or altered), but also improves the limits of stability levels of the patient (and thus reduces the risk of falling).
Its major handicap is probably its cost, which has hindered its generalisation. One possible solution to reduce this
cost is performing VR with mobile posturography systems, which allows assessment of balance at center of body
mass in daily-life conditions, where falls among elderly patients commonly occur. Also, rehabilitation with
vibrotactile neurofeedback training could be used in dynamic tasks.
Methods. A clinical trial comparing VR with CDP exercises and VR with mobile posturography (Vertiguard) exercises,
was designed. The participants were people over 65 years, with instability. The percentage of average balance in the
sensory organization test (SOT) of the CDP (main outcome mesure), other CDP scores, time and steps in the “timed

up and go” test, scores of Dizziness Handicap Inventory DHI), short Falls Efficacy Scale-International (short FES-I), and
Vertiguard, were compared before and three weeks after VR, and between both intervention groups.
Results. 40 patients were included in the study (19 in the CDP-VR group and 21 in the Vertiguard-VR group). Both
groups were comparable regarding age, sex, and balance pre-VR. Average balance was significantly improved in both
intervention groups (51 pre-VR vs 60 post-VR, p=0.002, CDP-VR group; 49 pre-VR vs 57 post-VR, p=0.008, VertiguardVR group); no significative differences in this improvement were found comparing both groups (p=0.580). Condition
4, condition 5, and vestibular input scores improved in both groups too, without differences between them. Only the
directional control, in limits of stability, showed significative differences (improvement in CDP-VR group and no
improvement in Vertiguard-VR group, p=0.010). No substantial improvement was detected regarding timed up and
go (time and steps), DHI, and short FES-I scores.
Conclusions. VR using mobile posturography is useful to improve balance in elderly people with instability, showing
similar improvement rates to those of VR using computerized dynamic posturography. This would reduce the costs
of posturographic vestibular rehabilitation and facilitate its dissemination around the world.
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A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
The vestibular function is in synergism with the oculomotor vergence. Vertigo may be related
to vergence disorders and conversely, vestibular pathologies may affect vergence. To
consolidate this hypothesis, we conducted a clinical study at the vestibular orthoptic clinic of
the Bastogne Hospital.
Fourteen patients with vertigo, aged 30 to 62 years were studied; the origin of vertigo varied
(Meniere's disease, organic pathology, sensitivity to visual movement). An assessment with
objective measurement of vergence was done with the REMOBI & AIDEAL (patent REMOBI
WO2011073288, AIDEAL analysis software PCT/EP2021/06222), coupled with an eyetracker
(pupil core). Then, four vergence neuro-rehabilitation sessions were performed using the
double-step in depth paradigm also at the REMOBI device; within each session vergence blocs
of rehabilitation was done alternating sitting and standing positions to involve the body. To
evaluate the effects of rehabilitation, an assessment of vergence was done 1 to 2 months after
the end of the four sessions. The initial assessment also included a posture test in quiet stance
while fixating at near (40 cm), at far (150 cn) or while making active vergence movements
between a far near; body sway was measured with the dynaport minimod Mc robedrts device.
The results showed smaller acceleration of Medio lateral body sway when the patients were
making vergence eye movements than when fixating, particularly in patients with vertigo in the
absence of organic deficit. This confirms the stabilizing effect of vergence eye movements on
posture that is known in healthy also exists in patients with vertigo.
Assessment of eye movements revealed problems of magnitude and/or speed or increased
variability of vergence for 11 of the patients. After the 4 sessions of neuro-rehabilitation, an
improvement in one or more parameters was observed in 8 of the patients. At the group level,
the latency of divergence decreased significantly, and its amplitude increased particularly for
patients with functional vertigo and hyper sensibility to visual motion. Significant changes
occurred mainly when testing vergence in the standing position. At the subjective level, patients
reported increased confidence on their space perception and ambulation in their every day life.

The results confirm the hypothesis of a symbiosis between vergence posture and vestibular
function. Clinically, diagnosis and rehabilitation of the vergence disorder, could be a means to
improve space perception, space attention, and general motor control in vertigo patients.
Further results from various clinics using the method will be reported.
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• ABSTRACT TITLE:

The INVEST Trial: A feasibility randomised controlled trial of integrated cognitive-behavioural therapy and
vestibular rehabilitation for people with persistent dizziness

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:

Purpose: This study assessed the feasibility, acceptability, and potential benefits of integrating vestibular
rehabilitation (VR) and cognitive behavioural therapy designed specifically for persistent dizziness (INVEST
intervention).
Methods: This was a feasibility randomised controlled trial of the INVEST intervention vs a time matched
physiotherapy control. Participants were recruited from a tertiary vestibular clinic in London, UK. Measures of
feasibility and clinical outcome were collected and assessed at 4 months.
Results: Forty patients (80% female, mean age 44.5 years ± 17, range 19-79) with PPPD (persistent postural
perceptual dizziness) were recruited and individually randomised, using a minimisation procedure, to six sessions of
INVEST (n=20) or physiotherapy control (n=20). 59% of patients screened met the inclusion criteria, of which 80%
enrolled. Acceptability of the intervention was high across all the Theoretical Framework of Acceptability (TFA)

constructs and 85% adhered to all 6 sessions. There were small to moderate treatment effects between the groups
in favour of INVEST across all outcomes and process variables, including dizziness handicap (standardised mean
difference [SMD]g = 0.45). No intervention-related serious adverse events occurred.
Conclusions: This feasibility study demonstrated high rates of recruitment, retention, and acceptability in both arms.
There was promising evidence in support of the need and benefits of integrated cognitive behavioural therapybased vestibular rehabilitation compared to current best practice VR. The study fulfilled all the a priori criteria to
advance to a full-scale efficacy trial.
Target Audience: This study would be of interest to anyone involved in vestibular rehabilitation and treatment for
PPPD
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• ABSTRACT TITLE:

Vestibular Rehabilitation in Europe: A Survey of Clinical and Research Practice.

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Vestibular rehabilitation (VR) is practiced across Europe but little in this area has been quantified. The aim of this
study was to investigate current VR assessment, treatment, educational and research practices.

This was an online, cross-sectional survey with 39 VR specific questions and 4 sections: demographics, current
practice, education and research. The survey was disseminated through the DIZZYNET network to individual
therapists, and through country-specific VR special interest groups. Results were analysed descriptively, and a
thematic approach was taken to analyse open questions.

A total of 476 individuals (mean age 41±10yrs, 74.5% women), predominately physiotherapists (88.5%) from 20
European countries responded to the survey. They had worked for a median of 4 years (range 0-35) in VR. The
majority (58.7%) worked in hospital settings and 22.4% in dedicated VR services. Most respondents specialized in
neurology, care of the elderly and ENT. VR was reported as hard/very hard to access by 48%, with the main barriers
to access identified as lack of knowledge of HCPs, particularly GPs, lack of trained therapists and lack of local
services.

The commonest conditions treated were BPPV (87.5%), vestibular neuritis (66.2%), other unilateral vestibular
hypofunction (75.6%) and cervicogenic dizziness (63%). The use of vestibular assessment equipment varied widely;
over 70% used high density foam and objective gait speed testing and over 50% used DVA equipment. Infrared
systems, Frenzel lenses and Dynamic Posturography/Stabilometry were not commonly employed (<20%). The most
frequently used physical outcome measures were the mCTSIB, Functional Gait assessment/Dynamic Gait index and
Romberg/Tandem Romberg. The DHI, visual analogue scale, Falls Efficacy Scale and the Vertigo Symptom Scale were
the most commonly used patient outcome measures. Adaptation, balance and habituation exercises were most
frequently used (>80%), with virtual reality used by 15.6%. Over 70% reported knowledge/use of Semont, Epley and
BBQ Roll manoeuvres.

Most education regarding VR was obtained at post-registration level (89.5%) with only 19% reporting preregistration education. There was strong (78%) agreement that therapists should have professionally accredited
postgraduate certification in VR, with blended learning the most popular mode. Three major research questions
were identified for priority: management of specific conditions, effectiveness of VR, and mechanisms/factors
influencing vestibular compensation and VR.

The survey quantified current clinical practice in VR across Europe. Knowledge and treatment of common vestibular
diseases was high, but use of published subjective and objective outcome measures varied widely, and use of
vestibular assessment technology equipment such as infrared goggles/forceplates was low.

Target Audience -Health care professionals practising or referring to vestibular rehabilitaiton
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• ABSTRACT TITLE:

The Role of Vestibular Cues in Postural Sway

• A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background and aim. Sensory feedback plays a considerable role in posture sway and the detection of body motion
and orientation. The vestibular organs are unique amongst the sensory systems as they provide cues related to head
orientation and motion relative to gravity. Little is known about the role of tilt vs. translational vs. rotational
vestibular cues; indeed, the role of otolith organ and semicircular canal cues has been debated. In this study, we
examined if inter-subject differences in postural control are correlated with inter-subject differences in vestibular
function.
Methods. To assess vestibular function, we used an established protocol to quantify vestibular direction-recognition
perceptual thresholds, which assay the smallest motion a subject can reliably perceive. Seated subjects were
passively moved in the dark via a motorized platform. Directions included lateral translation, vertical translation, yaw
rotation, and head-centered roll tilts. Postural sway was also quantified via center of pressure root-mean-square
measures in both sagittal and frontal planes during the Sensory Organization Tests (SOT). Healthy adult subjects
were tested.
Results. We had three main results. First, the variability across subjects was high in both threshold measures and
posture sway. Coefficient of variation was about 50-60% for posture sway (highest in sagittal plane for SOT tests
requiring high reliance on vestibular cues) and between 33-68% for vestibular threshold testing. Second, we found a
strong positive relationship between lateral translation thresholds and postural sway but not between other

thresholds. Generally, since thresholds assay sensory noise in the vestibular system, these results support the
hypothesis that sensory noise contributes to postural sway. More specifically, higher precision of vestibular cues in
the lateral direction is related to one’s ability to limit postural sway in the frontal plane. Third, we found that lateral
thresholds had the highest correlation with postural sway in SOT conditions that cause elevated reliance on
vestibular cues. This result is consistent with postural sway being more influenced by vestibular noise when
vestibular contributions to balance are higher.
Conclusions. Elucidating a previously undescribed role for translational motion cues in postural control, lateral
translation vestibular thresholds were correlated with posture sway amongst the healthy adults investigated. This
correlation was strongest in SOT conditions requiring the highest vestibular reliance. Our results generally show that
precision of vestibular cues contributes to sway variability in healthy subjects.
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