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as stress steroids and neuromodulators such as histamine influence these plasticity
mechanisms and may thus contribute to the development of compensation in patients.
Summary
Vestibular compensation involves multiple, parallel plastic processes at various sites in
the brain. Experimental evidence suggests that adaptive changes in the sensitivity of
ipsilesional vestibular neurons to the inhibitory neurotransmitters GABA and glycine,
changes in the electrophysiological excitability of vestibular neurons, changes in the
inhibitory control of the brainstem vestibular networks by the cerebellum, gliosis and
neurogenesis in the ipsilesional vestibular nuclei, and activity-dependent reorganization
of the synaptic connectivity of the vestibular pathways are mechanisms involved in
compensation.
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Vestibular compensation: the neuro-otologist’s best friend

vestibular afferent signals with visual, proprioceptive
and other information that also reaches the vestibular

Much experimental research in animal models has
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Introduction

Rehabilitación Vestibular
En los 40’ Cawthorne y Cooksey observaron:
• los paciente que se movían, mejoraban más que los que permanecián en reposo
• era necesario provocar los síntomas para reducirlos
En los 80’ se establecen ejercicios de estabilización de la mirada, con el objetivo de
Volume 40, April 2016

potenciar la función residual, estimular estrategias de sustitución y habituación
CLINICAL PRACTICE GUIDELINES
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ABSTRACT
Background: Uncompensated vestibular hypofunction results in postural instability, visual blurring with head movement, and subjective com-

Guía clínica con fuertes
niveles de evidencia, así
como de recomendaciones,
2016. Actualizaciones:
www.neuropt.org

Estrategias Nuevas

Estrategias Nuevas
IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. 26, NO. 6, JUNE 2018
1224

1223
IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. 26, NO. 6, JUNE 2018

StableEyes—A Portable Vestibular
We do not use lenses as they elicit feelings of disorientation
Rehabilitation Device
and nausea during training that discourage the rapid head
movement required for a predominantly vestibular training
Christopher J. Todd, Patrick P. Hübner, Philipp Hübner, Michael C. Schubert,
and Americo A. Migliaccio
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Current vestibular rehabilitation (VR) for peripheral vestibular hypofunction is an exercise-based
approach that typically includes a combination of
four different exercise elements: 1) gaze stabilization
exercises; 2) habituation exercises as needed based
on symptoms; 3) balance and gait training and 4)

Un
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Abstract.
BACKGROUND: Current vestibular rehabilitation for peripheral vestibular hypofunction is an exercise-based approach that
improves symptoms and function in most, but not all patients, and includes gaze stabilization exercises focused on duration
of head movement. One factor that may impact rehabilitation outcomes is the speed of head movement during gaze stability
exercises.
OBJECTIVE: Examine outcomes of modified VOR X1 exercises that emphasize a speed-based approach for gaze stabilization while omitting substitution and habituation exercises. Balance training focused on postural realignment and hip strategy
performance during altered visual and somatosensory inputs.
METHODS: A retrospective chart review of 159 patients with vestibular deficits was performed and five outcome measures
were analyzed.
RESULTS: All outcomes- self-report dizziness and balance function, dynamic gait index, modified clinical test of sensory
interaction and balance, and clinical dynamic visual acuity improved significantly and approached or achieved normal scores.
CONCLUSIONS: The combination of modified VOR X1 gaze stability exercises, wherein patients achieved high-velocity
head movement (240◦ /s) during short exercise bouts, with “forced use” gait and balance exercises for postural realignment
and hip strategy recruitment, achieved 93–99% of normal scores for all five outcomes. These results compare favorably to
the outcomes for current VR techniques and warrant further investigation.

10

∗ Corresponding

author: Robert Alan Roller, PT, 2615 Centennial Blvd, Suite 101, Tallahassee, FL 32308, USA. Tel.: +1 850
656 1837; E-mail: robert.roller@IMCPT.com.

endurance and strength exercises. Studies suggest
that vestibular rehabilitation improves symptoms
and function in most but not all patients [4, 6, 8,
17]. As many as 75–88% (depending on the outcome measure) of patients with unilateral vestibular
hypofunction experience meaningful improvements
following VR [7].
Gaze stability exercises involve head motion while
maintaining focus on a target and were developed
based on the concepts of vestibulo-ocular reflex
(VOR) adaptation and substitution. The VOR has
been shown to be modifiable and retinal slip has
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Interaction between vestibular compensation mechanisms
and vestibular rehabilitation therapy: 10 recommendations
for optimal functional recovery
Michel Lacour 1 * and Laurence Bernard-Demanze 1,2
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This review questions the relationships between the plastic events responsible for the
recovery of vestibular function after a unilateral vestibular loss (vestibular compensation),
which has been well described in animal models in the last decades, and the vestibular
rehabilitation (VR) therapy elaborated on a more empirical basis for vestibular loss patients.
The main objective is not to propose a catalog of results but to provide clinicians with an
understandable view on when and how to perform VR therapy, and why VR may benefit
from basic knowledge and may influence the recovery process. With this perspective, 10
major recommendations are proposed as ways to identify an optimal functional recovery.
Among them are the crucial role of active and early VR therapy, coincidental with a postlesion sensitive period for neuronal network remodeling, the instructive role that VR therapy
may play in this functional reorganization, the need for progression in the VR therapy protocol, which is based mainly on adaptation processes, the necessity to take into account the
sensorimotor, cognitive, and emotional profile of the patient to propose individual or “à la
carte” VR therapies, and the importance of motivational and ecologic contexts. More than
10 general principles are very likely, but these principles seem crucial for the fast recovery
of vestibular loss patients to ensure good quality of life.

• Estimular al paciente a realizar conductas activas que involucren moverse
Reviewed by:
Maurizio Versino, Pavia University,
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Mingjia Dai, Mount Sinai School of
Medicine, USA

• Comenzar el tratamiento lo más pronto posible luego de ocurrida la lesión
*Correspondence:
Michel Lacour , 3 Place Victor
Hugo – Centre de St Charles,
Marseille, France
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• La RV guía y estimula procesos de compensación postlesional
• Realizar ejercicios que promuevan adaptación y no habituación
• Individualizar la estrategia de tratamiento (no estandarizar)

Keywords: vestibular compensation mechanisms, vestibular rehabilitation therapy, critical period, adaptation,
habituation, anxiety and stress, motivation, ecologic contexts

• Tener en cuentaBACKGROUND
el perfil motor, sensorial y cognitivo del individuo
The vestibular system was originally thought to contribute to
reflex generation for posture (1) and oculomotor (2) control, in
close convergence with other sensory and motor signals (3). More
recently, the vestibular system has been recognized for its contribution to, and interaction with, high-level cognitive processes
including space perception (4), spatial navigation (5), body representation (6), attention (7), memory (8), mental imagery (9), and
even social cognition (10).
The dramatic consequences of vestibular disorders therefore
incorporate a wide range of symptoms including loss of balance,
blurred vision, and vertigo, as a result of impaired vestibulospinal and vestibulo-ocular reflexes (VORs) and of abnormally
activated vestibulo-thalamo-cortical pathways, respectively (11,
12). Impaired inputs to the vestibular cortex and hippocampus
very likely explain the deficits in spatial navigation and memory tasks (13, 14) as well as in body representation and bodily
self-consciousness (10). The functional, psychological, and social
impacts of vestibular impairment are very important from a societal point of view. A vertigo crisis, together with the physical
disability and the psychological stress that accompany a vestibular
disorder, results in socio-professional consequences (stop working), psychological and social isolation (15) in many cases. As
a rule, the vestibular syndrome is ameliorated over weeks and

months in both humans and animals through the process of
vestibular compensation [(16–18), for reviews].
The recovery of the static symptoms, observed in a stationary
patient, must be differentiated from the recovery of the dynamic
symptoms, seen only when the patient moves his/her head or
his/her whole body in space (19). The static symptoms incorporate spontaneous vestibular nystagmus, skew deviation and eye
cyclotorsion (oculomotor signs), head and body tilt (vestibulospinal signs), vertigo, and modification of the subjective visual
vertical (SVV) (perceptual and orientation signs), usually aggravated by neurovegetative disorders (nausea and vomiting). This
static syndrome is generally fully compensated for with a relatively short time constant depending on the species: a few days
(rat model), weeks (cat model), or months (humans). In contrast, the dynamic deficits (drops in gains and phase shifts of the
VOR, reduction of the time constant of the VOR on the affected
side, and impaired balance control in challenging contexts) remain
poorly compensated and are exhibited over a longer time period.
Moreover, in many cases, the VOR does not recover at all. The
permanent deficit of dynamic VOR function was first described
by the Australian group in vestibular loss patients during passive head impulses using short-duration angular accelerations in
the natural range of head motion (2000°–3000°/s 2 ), directed
toward the affected side [Head Impulse Test: HIT, see Halmagyi

• Considerar la progresión del tratamiento en cuanto a la dificultad del mismo
• Reducir stress y ansiedad, considerar depresión

• Favorecer contextos habituales del paciente (ecológicos)
• Motivar al paciente

