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A B S T R A C T   

Background: Unilateral and bilateral peripheral vestibular hypofunction (UVH and BVH) often complains of 
dizziness, gaze, and balance disturbances. There is a lack of evidence on exercise intervention in UVH and BVH 
patients. To investigate the effect of an eight-week supervised multicomponent exercise program in people 
suffering from UVH or BVH in comparison with a control group doing conventional vestibular rehabilitation at 
home. 
Methods: This longitudinal, controlled, randomized, prospective, single-blinded, two-arm, parallel intervention 
study will include 66 adults (≥18 years old) with chronic UVH or BVH. Participants will be randomly assigned to 
an exercise intervention group or an attention control group. Participants will be assessed at baseline, after a two- 
month intervention period, and after a six-month follow-up. The primary variable will be the balance, measured 
by the dynamic posturography sensory organization test and the Modified Dynamic Gait Index test. Secondary 
outcome variables will include cardiorespiratory fitness (peak cardiopulmonary exercise test), body composition 
(bioimpedance and anthropometric variables), physical activity level and sleep quality (accelerometry), health- 
related quality of life (Dizziness Handicap Inventory questionnaire), emotional state (Beck Depression and 
Anxiety Inventory questionnaires), and blood pressure monitoring. 
Discussion: This study will try to answer whether in people with UVH/BVH, an adjuvant program of multi-
component exercise will help the prognosis of this population. 
Trial registration: ClinicalTrials.gov, identifier [NCT05192564]. Verification date: April 2023.   

1. Background 

The vestibular system is a sensory system that encodes linear and 
angular acceleration of the head in three different dimensions and 
provides the brain with information about self-motion, which is 
important for maintaining clear vision and balance [1]. Thus, vestibular 
hypofunction (VH) is a partial or complete deficit of function of the 
central (brain) or peripheral (inner ear) system affecting both the 

vestibulo-ocular reflex and the vestibulo-spinal reflex which maintains 
stable gaze and posture [2]. There are two types of VH (unilateral-UVH, 
and bilateral-BVH), being the more common UVH, which only affects 
one side of the vestibular system because it is replicated symmetrically 
in the periphery [3]. Although levels of functional impairment can vary 
considerably among individuals, people with BVH, are usually more 
severely affected than those with UVH, presenting a reduced or absent 
function of both vestibular organs, vestibular nerves, or a combination 
of both [2,4]. 
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Vestibular hypofunction leads to many direct and indirect conse-
quences on functioning and daily life. Mostly, it causes subjective 
complaints of persistent dizziness with or without vertigo, oscillopsia 
(visual disturbance), ataxia (difficulties in balance and walking), and 
consequently, an increased risk of falls [5]. This chronic dizziness in-
terferes also with worsened depressive symptoms, self-reported health, 
and decreased confidence in performing social activities [6]. Moreover, 
balance impairment caused by VH is related to developing psychiatric 
disorders such as anxiety or, avoiding behaviors and environments that 
can provoke the symptoms, and consequently, individuals suffering 
from VH become less active and sedentary [7]. Therefore, people with 
VH may fall into a vicious cycle of dizziness, anxiety, and physical 
inactivity, which may negatively impact vestibulopathy [7]. Physical 
activity levels of people with VH are lower compared to those of healthy, 
and less active people showed decreased postural stability [7]. 

The management of VH is an important issue in primary care because 
of its impact on the individual’s health and quality of life, apart from its 
large economic burden [8]. For people with VH, it has been ascertained 
that exercise-based vestibular rehabilitation (VR) is effective in 
ameliorating persistent dizziness and function, reducing disability, and 
improving their daily living [9,10]. Indeed, VR is designed to adapt the 
central nervous system to diminished vestibular input and to compen-
sate for vestibulo-ocular reflex and vestibulo-spinal reflex losses [11, 
12]. The physiological principle to work on the VR program is gaze 
stability, which is classified into adaptation (i.e., head movements while 
fixating on a small stationary target) and substitution (i.e., different 
sensory inputs) exercises [5]. Further, body control or posture stability is 
one of the main difficulties faced by this population [5]. Therefore, 
although balance training using static and dynamic exercises is recom-
mended, the quality of evidence and level of recommendation is not 
strong, and the optimal specific doses of this type of training are still 
unknown [9]. Besides, endurance training and gait technique exercises 
have been proven to be well-founded exercise strategies for improving 
the quality of life of VH patients, along with a graduated walking pro-
gram for endurance [9]. In this sense, the World Health Organization 
states that ≥18-year-old adult people must perform 150–300 min per 
week of moderate-intensity physical activity, and/or 75–150 min per 
week of high-intensity physical activity or an equivalent combination of 
both. It is also recommended moderate-to-vigorous muscle-strengthen-
ing activities on two or more days per week [13]. According to that, 

interventions combining High-Intensity Interval Training (HIIT) and 
resistance training exert beneficial effects that are superior to any other 
exercise modality at increasing lean body mass and cardiorespiratory 
fitness [7]. Thus, low-volume HIIT is nowadays considered one of the 
most time-efficient methods for improving cardiorespiratory fitness and 
metabolic function and, hence people’s health-related quality of life 
[14–17]. The question is-why deny the benefits of this training modality 
to a population that needs to improve their physical condition to transfer 
it to other capabilities? Therefore, although previous studies indicate 
that exercise-based VR shows benefits [8], there is an absence of studies 
determining an adequate protocol considering the FITT (Frequency, 
Intensity, Time, Type) principle and the latest scientific advance in 
terms of exercise training. It is therefore deemed necessary to further 
explore exercise-based training strategies considering the FITT principle 
in this VH population. 

In light of the above, the EXERVEST study has been designed to 
investigate the effect of an eight-week supervised EXERcise multicom-
ponent program (i.e., aerobic, resistance, and balance exercises in the 
same session) in people suffering from unilateral or bilateral peripheral 
VESTibular hypofunction in comparison with an attention control (AC) 
group doing conventional VR at home. Thus, the overall aims of this 
randomized controlled trial will be to analyze: 1) the effects of a 
multicomponent exercise program on balance in people with a diagnosis 
of both UVH and BVH, compared to an AC group, and 2) the effect of six 
months follow-up without professional supervision, but with general 
physical activity recommendations. The specific secondary objectives 
will be: 1) to assess changes in quality of life and psychological well- 
being, 2) to analyze changes in balance and risk of falls according to 
the etiology that caused the VH and the time elapsed after the estab-
lishment of VH, 3) to analyze the effect on cardiorespiratory fitness, 
body composition, physical activity level, sedentary behavior, and sleep 
quality, and blood pressure (BP); and 4) to evaluate the association 
between changes in balance and the rest of the analyzed variables. 

2. Methods 

2.1. Study design 

EXERVEST is a controlled, randomized, prospective, single-blinded 
(staff of the otorhinolaryngology department of the hospital), two- 
arm, parallel intervention study (ClinicalTrials.gov ID: 
NCT05192564), and fulfills the Proper Reporting of Evidence in Sports 
and Exercise Nutrition Trials (PRESENT 2020) checklist. The protocol 
(Clinical Trials.gov ID: NCT05192564) and informed consent proced-
ures of the EXERVEST study were approved by the Ethics Committee of 
Investigation of Alava University Hospital (January 19, 2023, Certificate 
No. 2021-095). Participants will be fully informed of the aims and 
procedures of the research before collecting their informed consent and 
before the clinical and physiological examination. 

After baseline measurements, the participants will be included in the 
trial by being given a trial-specific identification (i.e., EXERVEST-001) 
number (ID). They will be followed for eight weeks and after the 
intervention, they will be assessed again in a six-month time. All follow- 
up measurements will be performed in the same laboratory and by the 
same researchers. Allocation consignment will be performed by a tech-
nician from Bioaraba Research Institute (http://aleatorizacion.bioaraba 
.org/) using the technique of stratified randomization (1:1) by sex (men/ 
women), established chronic instability vs critical instability with acute 
punctual vertiginous crises (Meniere); and age (<60 years vs > 60 
years), because at older age, worse physiological balance associated 
with age is more common, as well as other multifactorial elements and 
higher risk of falls. The participants will be randomized to one of the two 
groups of intervention: 1) exercise + conventional rehabilitation treat-
ment (EXercise group, EX) and 2) conventional rehabilitation treatment 
(AC). The flow diagram of the study can be seen in Fig. 1. 

Abbreviations 

AC Attention Control group 
ABPM ambulatory blood pressure monitoring 
BP blood pressure 
BAI Beck’s Anxiety Inventory 
BDI Beck’s Depression Inventory 
BVH bilateral vestibular hypofunction 
CPET cardiopulmonary exercise testing 
DHI Dizziness Handicap Inventory 
EX EXercise group 
EXERVEST EXERcise VESTibular 
FITT Frecuency, Intensity, Time, Type 
HIIT High Intensity Interval Training 
IPAQ International Physical Activity Questionnaire 
HR heart rate 
MDGI Modified Dynamic Gait Index 
UVH unilateral vestibular hypofunction 
VH vestibular hypofunction 
VO2peak peak oxygen uptake 
VR vestibular rehabilitation 
VT ventilatory threshold  
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2.2. Participants and selection criteria 

The sample will include 66 adults (≥18 years old) with chronic UVH 
or BVH attending the Otoneurology Department of the local hospital. 

The inclusion and exclusion criteria for the EXERVEST study are 
shown in Table 1. 

Participants will be free to withdraw from the study at any time. The 
main reason for withdrawal will be recorded on the corresponding page 
of the data collection form. The medical doctor responsible for the 
research will also withdraw participants from the study for the following 
reasons: 

- Failure of the participant to comply with procedures and recom-
mendations, including procedures related to the administration of 
study medication.  

- Any significant history that limits the patient’s ability to participate 
in the study.  

- Pregnancy.  
- Administration of excluded treatments.  
- Loss of contact during follow-up. 
- A decision by the person responsible for the research that continu-

ation in the study is not in the best interest of the participant (e.g., 
intercurrent disorder or disease requiring the use of prohibited drugs 
or treatments). At the time of withdrawal, all study termination 
procedures must be performed.  

- Occurrence of serious or life-threatening reactions.  

- Non-attendance for more than two weeks in a row to the exercise 
program.  

- An injury that prevents continuation of the exercise treatment. 

At the time of withdrawal from the study, the main reason for 
withdrawal should be collected and, if possible, the participant will be 
assessed again. 

2.3. Measurements 

Assessments used in the protocol will be evaluated before (T0), after 
an eight-week intervention period (T1), and after a six-month follow-up 
period (T2). Participants from the two groups will be evaluated at the 
same time. 

The primary variable will be the equilibrium (balance), measured by 
the dynamic posturography sensory organization test and the Modified 
Dynamic Gait Index (MDGI). Secondary outcome variables will include 
cardiorespiratory fitness, quality of life, body composition, physical 
activity level, sleep quality, and emotional state. Sociodemographic, 
etiological, and clinical health values will be collected only before the 
intervention. The Recommendations for Interventional Studies (SPIRIT) 
figure showing the time points for assessments and intervention is 
apportioned in Fig. 2. 

2.3.1. Degree and type of vestibular hypofunction 
Participants will be measured by the video Head Impulse Test (ICS 

Impulse USB, Natus hearing and balance, USA) to determine their 

Fig. 1. Flow diagram of the EXERVEST study.  
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degree and type of VH. This hypofunction must be chronic, maintained 
over time, therefore fluctuating cases are discarded. This test collects 
computerized vestibulo-ocular reflex, measuring the speed of head 
movement and the ocular response. Two parameters will be measured: 
the gain (ratio between cephalic and ocular movement, which should be 
close to 1 and is pathological if it is less than 0.8) and the occurrence of 
saccades (late responses produced by the central neuronal system indi-
cating pathology) [18,19]. 

2.3.2. Primary outcome assessment. Instability, balance, and risk of falls 
The participant’s instability will be assessed by a dynamic postur-

ography (dynamic SPS system, Synapsys, France) [20]. The sensory 
organization test will be studied, where six different sensory conditions 
provide an opportunity to measure the contributions of the general 
balance and the one purely dependent on somatosensory, visual, and 
vestibular information, evaluating them separately on a scale from 0 to 
100. It also measures 0 to 100 the degree of dependence on visual in-
formation, which indicates pathology, but adequate compensation at a 
central level. The first three conditions will be performed on a fixed 
platform where first, the eyes are opened, second, the eyes are closed, 
and third, the eyes are opened in a sway-referenced visual enclosure. In 
conditions 4, 5, and 6, the platform may move and the eyes will be 
opened, closed, and opened in a sway-referenced visual enclosure 
respectively [21]. 

The balance and risk of falls will be measured by the MDGI. It has a 
scoring system based on three facets of performance, such as level of 
assistance, gait pattern, and time. It is composed of eight exercises 
through which they measure the time needed to complete 6.1 m of 
distance; level of assistance, which is scored using a 3-level scale (2 = no 
assistance, 1 = uses an assistance device, 0 = requires the physical 
assistance of another person); and 2gait patterns, which are scored on a 
4-level scale (4 = normal, 3 = mild impairment, 2 = moderate impair-
ment, 0 = severe impairment). The maximum score is 64 points [22]. 
Further, on the first day, during the physical examination, three ques-
tions will be included to assess each participant’s fall history [23]: 1) 
Have you fallen in the past year? If yes ask: how many times? Were you 
injured? 2) Do you feel unsteady when standing or walking? 3) Are you 
worried about falling? 

2.3.3. Anthropometry and body composition 
Anthropometry measurements will be taken following the guidelines 

from the International Society for the Advancement of Kinan-
thropometry [24] and include the stature (SECA 213, Hamburg, Ger-
many), total body mass (SECA 869, Hamburg, Germany), Body Mass 
Index calculated as [total body mass (kg)/stature (m2)], and waist and 
hip circumferences (SECA 200, Hamburg, Germany) to calculate 
waist/hip ratio. In addition, fat-free mass, fat mass, and total body water 
will be assessed with bioelectrical impedance analysis (Tanita, BF 350 
and Tanita, BC-418 MA, Amsterdam, The Netherlands). 

2.3.4. Lifestyle and health-related quality of life 
Physical activity and sedentary behavior will be measured in two 

different ways: 1) the short-form International Physical Activity Ques-
tionnaire (IPAQ) collecting information about household maintenance, 
occupational, transportation, leisure, and sedentary activities [25]; and 
2) a 3-axis accelerometer (ActiGraph wGT3X-BT, Pensacola, FL, USA) 
will be worn on the non-dominant wrist for a whole week by the par-
ticipants as proposed in the practice guidelines for research [26]. Each 
participant will be given oral instructions on how to wear the acceler-
ometer and how to complete the diary log. On the eighth day after the 
accelerometers are distributed, both accelerometers and diaries will be 
collected. 

All participants will answer the Dizziness Handicap Inventory 
questionnaire for the assessment of health-related quality of life [27]. 
This is a specific and validated questionnaire for vestibular pathology 
with 25 items, with possible answers of ‘yes’ (4 points), ‘sometimes’ (2 
points), and ‘no’ (0 points). The questions are divided into physical (11 
questions), functional (16 questions), and emotional (10 questions) 
groups. The scoring of the results is done in the following way: 0–14 
points indicate a normal handicap, 16–34 mild, and 36–52 moderate, 
while a score over 54 points severe quality of life worsening. 

Psychological evaluation protocols will include the Beck’s Depres-
sion Inventory (BDI) [28] and Beck’s Anxiety Inventory (BAI) [29]. Both 
BDI and BAI are 21 Likert-type items, multiple-choice, and self-reported 
inventories. Each item is scored 0 to 3 points for a maximum score of 63 
points. For BDI, scores between 0 and 13 indicate minimal depression, 
14–19 mild depression, 20–28 moderate depression; and 29–63 severe 
depression. For BAI, scores between 10 and 16 indicate mild anxiety, 
17–29 moderate anxiety, and scores above 30 represent severe anxiety. 

2.3.5. Resting cardiovascular measurements 
Since the assessment of cardiorespiratory fitness will be performed 

with a maximal test and the exercise intervention includes high in-
tensity, resting cardiovascular measurements will be performed as a 
check to avoid risks. A 12-lead electrocardiogram will be performed at 
rest with the wireless device of the Ergo CarMedisoft S.S, Belgium 
Ref. USM001 V1.0 system and the data will be analyzed by a blind 
medical specialist. The assessment of BP will be carried out in line with 
the guidelines set by European societies [30]. Ambulatory blood pres-
sure monitoring (ABPM) will be conducted for 24 h using the ABPM 
7100 (Welch Allyn, New York City, NY, USA). The device will measure 
the BP at 30-min intervals during the daytime, and at 60-min intervals 
during the nighttime. Values will be registered from the recorder as 
mean values of systolic and diastolic BP for both periods. 

2.3.6. Cardiorespiratory fitness 
A peak, symptom-limited cardiopulmonary exercise test will be 

performed on an electronically braked Lode Excalibur Sport Cycle 
Ergometer (Groningen, The Netherlands) to determine peak oxygen 
uptake (VO2peak) and ventilatory thresholds (VT) in laboratory- 
controlled conditions. The protocol will start at 40 W (~70 rpm), with 
gradual increments of 10 W every minute to exhaustion. Continuous 
electrocardiogram monitoring will be conducted throughout each test 
using the instrument abovementioned. During the test, participants will 
be encouraged by the exercise specialist. The gas and ventilatory 

Table 1 
Inclusion and exclusion criteria for the EXERVEST study.  

Inclusion criteria  

- Patient with UVH or BVH.  
- More than 6 months since the onset of VH (chronic instability).  
- ≥18 years old.  
- No previous rehabilitation treatment for VH other than home exercises. 

Exclusion criteria  
- Fluctuating instability (not presented every day).  
- Recent onset instability (less than six months old, susceptible to complete clinical 

recovery).  
- Current neurological pathology.  
- History of neurosurgical disease, cerebrovascular disease, neurodegenerative 

disease, or central nervous system sequelae.  
- Uncorrected ocular disorders.  
- History of peripheral neuropathy in the lower extremities.  
- Arthropathy or motor defects in lower limbs.  
- Prolonged use of sedatives or vestibular suppressant medication.  
- Significant medical disorders: including uncontrolled arterial hypertension, chronic 

or recurrent respiratory, neuromuscular, or psychiatric diseases; musculoskeletal 
problems that interfere with exercise; immunodeficient diseases or a positive video 
Head Impulse Test; anemia, blood disorders, chronic thrombotic disorders or hyper 
coagulant states; malignant tumors within the last five years, except for 
therapeutically controlled skin cancer; any other disease that may be affected or 
aggravated by exercise.  

- Being pregnant or breastfeeding.  
- Being physically active.  
- Have plans to be out of town for more than two weeks. 

≥, greater than or equal to; BVH, bilateral vestibular hypofunction; UVH, uni-
lateral vestibular hypofunction; VH, vestibular hypofunction. 
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analyses will be conducted by the Ergo CarMedisoft S.S, Belgium 
Ref. USM001 V1.0 system and calibration will be performed before each 
test following manufacturer instructions. Breath-by-breath data will be 
constantly measured during the test and averaged every 60 s. Achieve-
ment of VO2peak criteria will be assumed when two or more of the 
following items will be obtained: 1) achieving >85 % of age-predicted 
maximum heart rate (HR); 2) perceived maximum fatigue (>18 on the 
Borg scale); 3) peak respiratory exchange ratio ≥1.10; 4) omission of 
increment of oxygen uptake and/or HR with increases in work rate [31]. 
Perceived fatigue will be reported (scale 6–20) at the end of each 

minute/stage. Blood pressure will be assessed every 2 min. Measure-
ments of the first and second VT (VT1 and VT2) will be carried out by the 
V-slope and ventilatory equivalents standardized methods [31]. After 
achieving the peak effort, participants will remain stationary on the bike 
for 5 min in recovery with an electrocardiogram and BP monitoring. 
Absolute and relative indications for finishing the exercise test will be 
considered [32]. Three different exercise intensity ranges will be 
determined by the identification of the two VTs: R1, light to moderate 
with HR values below VT1; R2, moderate to vigorous with HR values 
between VT1 and VT2; and R3, vigorous to severe with HR values higher 

Fig. 2. SPIRIT figure showing an overview of the assessment schedule at baseline and follow-up in the EXERVEST study. BAI (Beck’s Anxiety Inventory), BDI (Beck’s 
Depression Inventory), CPET (Cardiopulmonary Exercise Test), DHI (Dizziness Handicap Inventory), IPAQ (International Physical Activity Questionnaire), VH 
(Vestibular Hypofunction). 
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than the ones associated with the VT2 [31]. 

2.4. Study intervention 

Both EX and AC groups will have all antivertiginous drugs with-
drawn and will perform the same assessments before and after the 
intervention period. The AC group will perform only home vestibular 
rehabilitation exercises that are usually prescribed in consultation with 
this type of patient, especially focused on complex visual and postural 
environments. 

Participants in the EX group will train for two non-consecutive days 
per week for eight weeks under the supervision of exercise specialists 
(sports physical educators). All sessions will start and finish with BP 
measurements, and participants’ physical effort will be monitored by HR 
monitors (Polar Electro, Kempele, Finland) and the rate of perceived 
exertion using the original Borg scale [6–20]. Each session (Appendix A) 
will include a standardized 15-min warm-up with joint mobility exer-
cises and gait technique and a 5-min cooldown with basic stretching 
exercises and controlled breathing. The central part of each training 
session will consist of: 1) a low-volume (less than 10 min at R3) aerobic 
HIIT program on the bicycle (15 min of total volume), plus 5min of 
retrowalking on the treadmill at R1-R2, and 2) a timed (45/20 seg) 
circuit training with nine balance and resistance exercises including 
postural control and integration of the main muscle groups and basic 
motor patterns, including four “core” exercises at the end. During the 
first four weeks of the circuit training, the speed of execution will be 
slow (i.e., 3–4 s into the concentric and eccentric phases) and with little 
load to ensure the technique and breathing learning. During the second 
four weeks, an increase in the speed (i.e., 2–3 s) into the concentric phase 
of execution will be encouraged with an increase also in the load, 
allowing each exercise to be performed for 45 s at a time (Appendix A). 
The training load in the circuit training will be adjusted by a rating of the 
perceived exertion scale based on “repetitions in reserve” [33,34]. 

The intensity on the bike will be individually tailored to each par-
ticipant’s HR at R2 or R3, adjusting the power of the bike to achieve the 
planned target HR. The protocol of HIIT will consist of a 3–5 min warm- 
up, plus five series of 30 s at R3 followed by 60 s at R2, gradually 
increased to eight series in the last four weeks, finishing with a 2–5 min 
cool-down period at R2. 

The exercise specialist will record all the exercise sessions, reporting 
the HR and Borg scale values of every interval. The importance of 
achieving the target of moderate and high intensity will be emphasized. 
A criterion for completing the study was set at 100 %. Thus, all partic-
ipants in the EX group will perform 16 sessions; if a session is missed (a 
maximum of two will be allowed), these will be added to the end of the 
eight-week program, maintaining the two sessions per week. Some 
strategies will be used to achieve adherence, such as individualized 
attention while exercising and telephone calls following missed sessions. 
A minimum of 85 % exercise program compliance will be required for 
the EX participants to be included in the final statistical analyses. 

At the end of the intervention, all participants will receive physical 
activity recommendations for the following six months. Participants will 
have no further supervised intervention or attention from any of the 
research staff. Participants will also receive HR data for their current 
moderate and high exercise intensity domains to enable them to self- 
monitor. 

2.5. Sample size estimation 

To analyze the effects on the balance after the intervention and to 
achieve a power of 80 % to detect differences in the counterfactual of the 
null hypothesis H₀: the difference in means is equal to the Superiority 
limit, through a one-sided T-Student Test (of Superiority) for two in-
dependent samples, taking into account that: the significance level is 5 
%, assuming that the superiority limit is 2 units in the main variable 
MDGI, the expected value for the control treatment is 3 units, the mean 

of intervention group is 5.8, the standard deviation of both groups is 1.2 
units and the ratio of experimental units in the reference group to the 
total is 50 %, it will be necessary to include 29 participants in each group 
(total 58). Considering that the expected dropout rate is 10 %, it would 
be crucial to recruit 33 participants in each group, so a total of 66 pa-
tients would need to be included in the study. 

The sample size calculation was performed using the “Ene” 3.0 
program based on the main study variable "MDGI", according to previ-
ously published studies [35]. 

2.6. Statistical analysis 

To determine the baseline status of the participants, a descriptive 
analysis will be carried out in which qualitative variables will be 
expressed as frequency and percentage, and for quantitative variables, 
the mean and standard deviation will be given. In the case of not 
following a normal distribution, the median and interquartile range will 
be given. 

To evaluate the effects on balance, as well as on the quality of life and 
psychological well-being, the T-student test for related samples will be 
carried out, and in the case of not meeting normality criteria, its non- 
parametric analog Wilcoxon. This test will also be performed for the 
secondary objectives to analyze the change after the intervention. 

A covariate analysis (ANCOVA) will be performed to evaluate the 
change after the intervention taking into account the two different 
groups EX and AC groups (i.e., independent variable), where it will be 
considered the dependent variable (i.e., the variable of interest after the 
intervention) and the covariate variable (i.e., the pre-intervention same 
variable). The magnitude of the differences will be assessed using 95 % 
confidence intervals and Hedges’g effect sizes [36]. 

To evaluate the association between changes in balance and the rest 
of the variables analyzed, multiple linear regression analyses will be 
performed. The accuracy of each regression will be evaluated using the 
standard error of estimate and the 95 % confidence intervals of the 
slope. 

3. Discussion 

This study describes the protocol of a controlled, randomized, pro-
spective, single-blinded, two-arm, parallel intervention study for adults 
≥18 years old comprehended on the EXERVEST Study. 

One of the aims of otoneurology is to try to achieve new strategies 
that improve clinical conditions in patients. In this sense, the present 
randomized controlled trial aspires to investigate whether the imple-
mentation of individualized multicomponent exercise intervention as an 
adjuvant program will ameliorate the prognosis of patients with UVH 
and BVH by enhancing their functionality. 

Previous studies have shown that VR is effective in improving pa-
tients’ balance and, is a safe and effective proposal for UVH and BVH 
patients [3]. However, a previous study has shown that just 65 % of the 
participants responded to the therapy [37]. Alternative ways of 
approaching the condition, such as a multicomponent exercise program 
combining strength, balance, and low-volume HIIT exercises, could offer 
a complementary way of improving balance, postural control, and 
fitness. Nevertheless, no research has been performed in this sense. 
Therefore, in the present protocol study, it was hypothesized that the 
positive effects of a supervised multicomponent exercise program on 
functionality will be related to improved balance stability and quality of 
life in people diagnosed with UVH and BVH. 

In conclusion, future results of the present investigation will help to 
better understand the potential need for an adjuvant multicomponent 
exercise program for improving the well-being of people with UVH and 
BVH. 
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