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Abstract — Auditory and vestibular disorders represent a significant group of neurological and otolaryngological conditions 

affecting hearing, balance, spatial orientation, and overall quality of life. These disorders include vertigo, vestibular migraine, 

Meniere's disease, benign paroxysmal positional vertigo, and central vestibular dysfunction. This cross-sectional analytical 

study examines emerging diagnostic innovations among 184 patients presenting with vestibular or auditory symptoms. 

Advanced diagnostic technologies such as video head impulse testing (vHIT, F=7.25, p=0.001), machine-learning-assisted 

vestibular assessments, and smartphone-based diagnostic tools significantly improve diagnostic accuracy and clinical 

decision-making. Telemedicine-based vestibular assessments and digital health technologies were identified as promising 

tools for improving patient access to specialised diagnostic services. The study underscores the importance of integrating AI-

driven tools, multi-technology diagnostic frameworks, and patient-centred rehabilitation strategies in advancing 

otoneurological care. 
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1. Introduction 
 

Auditory and vestibular disorders constitute a 

significant group of neurological and otolaryngological 

conditions affecting hearing, balance, spatial orientation, 

and overall quality of life. The vestibular system plays a 

crucial role in maintaining equilibrium and coordinating 

body movements through complex interactions between the 

inner ear, brainstem, and cerebellum. Dysfunction of this 

system may lead to symptoms such as vertigo, dizziness, 

imbalance, hearing loss, and motion sensitivity, widely 

prevalent across different age groups and significantly 

impairing daily functioning and occupational productivity 

(Strupp et al., 2020). 

 

One of the most important innovations in vestibular 

diagnostics is video head impulse testing (vHIT), which 

allows clinicians to evaluate vestibulo-ocular reflex 

function during rapid head movements and has become an 

essential tool for diagnosing peripheral vestibular disorders 

(Lopez-Escamez, 2019). Machine learning algorithms can 

analyse complex datasets derived from vestibular function 

tests and patient clinical profiles to assist clinicians in 

identifying patterns associated with specific vestibular 

disorders (Priesol et al., 2015; Friedland et al., 2016). 

Smartphone-based diagnostic applications and telemedicine 

platforms further expand access to specialised vestibular 

care in rural regions (van Bonn et al., 2022; Vinolo-Gil et 

al., 2025). AI-driven diagnostic systems and computational 

audiology offer significant potential for improving 

diagnostic accuracy and enhancing patient care in 

otoneurology (Devi et al., 2025; Shanthi et al., 2025; 

Catherine et al., 2025). Social determinants of health 

including community infrastructure, socioeconomic 

conditions, and healthcare accessibility shape access to 

specialised otoneurological services (Ashifa, 2021; 

Kariveliparambil et al., 2026). Occupational noise exposure 

and work-related stress are important modifiable risk 

factors for auditory and vestibular morbidity (Gayathri et 

al., 2025; Vettriselvan and Rajan, 2019). Mental health 

literacy and psychosocial resilience influence patient 

adherence to vestibular rehabilitation programmes (Elkin et 

al., 2025; Ranganathan et al., 2024; Zahoor et al., 2025). 

Educational strategies empowering patients with 

knowledge of their conditions support long-term 

rehabilitation outcomes (Vettriselvan et al., 2026). 

 

2.  Review of Literature 
 

Strupp et al. (2020) highlighted the importance of 

updated classification systems for vestibular disorders, 

emphasising the need for standardised diagnostic 

frameworks that integrate clinical symptoms with advanced 

diagnostic testing. Milkov (2021) examined recent 

advances in vestibular diagnostic methods and highlighted 

the growing importance of video-based vestibular testing 

technologies. Priesol et al. (2015) demonstrated that 
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machine learning techniques could analyse vestibular test 

results and identify patterns associated with specific 

disorders, with Friedland et al. (2016) subsequently 

developing statistical models capable of predicting 

common vestibular diagnoses. 

 

Musat et al. (2025) highlighted the importance of MRI 

and CT imaging in identifying structural abnormalities 

associated with vestibular dysfunction. Smartphone-based 

diagnostic applications capable of detecting nystagmus 

have been developed to support clinical assessment of 

vertigo and balance disorders, offering accessible and 

portable diagnostic solutions (van Bonn et al., 2022). 

Telehealth-based diagnostic platforms allow clinicians to 

conduct remote assessments of vestibular symptoms and 

provide guidance for treatment and rehabilitation 

programmes (Vinolo-Gil et al., 2025). 

 

Mobile health technologies including wearable 

sensors and smartphone applications can collect data on 

balance, gait patterns, and patient movement, providing 

clinicians with valuable information about symptom 

progression (Gawronska et al., 2020). Scientometric 

analyses have revealed significant growth in research 

related to vestibular function testing and diagnostic 

technologies over the past two decades (Malik et al., 2025; 

Wolfovitz et al., 2024). AI-driven healthcare innovations 

have demonstrated potential for improving diagnostic 

accuracy and enhancing patient care across multiple 

healthcare domains (Devi et al., 2025; Catherine et al., 

2025; Shanthi et al., 2025). 

 

Self-leadership competencies and stress management 

skills among healthcare workers directly influence the 

quality of vestibular diagnostic and rehabilitation services 

(Mustafa et al., 2026; Zahoor et al., 2025). Strategic 

collaborations in medical innovation and AI-driven 

globalisation accelerate translational progress in 

otoneurology (Vijayalakshmi et al., 2025). Digital 

marketing and patient engagement innovations improve 

awareness of vestibular disorders and encourage early 

medical consultation (Jenifer et al., 2025; Swadhi et al., 

2025). Community-based disability rehabilitation 

programmes demonstrate measurable improvements in 

balance and functional capacity among vestibular disorder 

patients (Ashifa, 2019; Rasi and Ashifa, 2019). 

 

3.  Objectives 
 

• To examine the prevalence and distribution of 

vestibular and auditory disorders among patients 

presenting to specialised otoneurology clinics. 

• To evaluate the diagnostic accuracy of advanced 

technologies including vHIT, MRI, machine learning 

models, and smartphone-based diagnostics. 

• To identify key predictors of improved diagnostic 

accuracy using statistical modelling. 

• To propose clinical and healthcare recommendations for 

advancing diagnostic practices in otoneurology. 

 

4.  METHODOLOGY 
 

A cross-sectional analytical research design was 

adopted to evaluate emerging diagnostic innovations in the 

assessment of auditory and vestibular disorders. The 

research was conducted in specialised otolaryngology and 

neurotology clinics. A sample of 184 patients aged 18–65 

years presenting with suspected vestibular or auditory 

dysfunction was selected using systematic sampling from 

clinical diagnostic records. Patients with complete 

diagnostic evaluations including vestibular testing, imaging 

studies, and clinical assessments were included; individuals 

with incomplete diagnostic data or previously confirmed 

central neurological conditions were excluded. 

 

Diagnostic techniques evaluated included video head 

impulse testing, caloric testing, audiometric evaluations, 

magnetic resonance imaging, smartphone-based nystagmus 

detection tools, and machine-learning-supported vestibular 

diagnostic models. The primary outcome variable was 

diagnostic accuracy, measured by comparing diagnostic 

outcomes from advanced technologies with final clinical 

diagnoses established by specialist otolaryngologists. 

Statistical analysis used descriptive statistics, ANOVA, and 

predictive regression modelling at p<0.05. Ethical approval 

was obtained from the institutional research ethics 

committee with all clinical data anonymised. 

 

5.  Results and Discussion 
 

Table 1: Demographic Characteristics of Participants 

(N = 184) 
 

Variable Category Frequency 
Percentage 

(%) 

Age Group 18–30 years 42 22.8 

 31–45 years 68 37.0 

 46–65 years 74 40.2 

Gender Male 96 52.2 

 Female 88 47.8 

 

Vestibular and auditory disorders were most 

commonly reported among individuals aged 46–65 years, 

suggesting that vestibular dysfunction may increase with 

age due to degenerative changes in the vestibular system, 

consistent with Strupp et al. (2020). Benign paroxysmal 

positional vertigo emerged as the most common vestibular 

disorder, followed by vestibular migraine and Meniere's 
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disease, reflecting the complexity of vestibular disorders 

and the need for comprehensive diagnostic evaluation.  

 
Table 2: Common Diagnosed Vestibular and Auditory 

Disorders 
 

Disorder Number of Cases Percentage (%) 

BPPV 54 29.3 

Vestibular migraine 41 22.3 

Meniere's disease 33 17.9 

Vestibular neuritis 28 15.2 

Central vestibular 

disorders 
28 15.2 

 
Table 3: Diagnostic Technologies Used 

 

Diagnostic Tool Frequency of Use Percentage (%) 

Video head impulse 

testing (vHIT) 
62 33.7 

Audiometric testing 46 25.0 

MRI imaging 34 18.5 

Smartphone-based 

diagnostics 
23 12.5 

Machine-learning 

diagnostic model 
19 10.3 

 
Table 4: ANOVA Analysis — Diagnostic Accuracy of 

Technologies 
 

Diagnostic 

Technology 

Mean 

Accuracy 

Score 

F-value p-value 

Video head 

impulse 

testing 

3.78 7.25 0.001 

MRI imaging 3.64 6.41 0.003 

Machine 

learning 

models 

3.52 5.86 0.004 

Smartphone 

diagnostics 
3.33 4.72 0.006 

 

Video head impulse testing showed the highest 

diagnostic accuracy (F=7.25, p=0.001), consistent with 

Lopez-Escamez (2019). All four modalities demonstrated 

statistically significant contributions to improved 

diagnostic efficiency. 

 

Machine learning models and smartphone-based 

diagnostics demonstrated statistically significant 

contributions to diagnostic efficiency, confirming the 

findings of Priesol et al. (2015) and Friedland et al. (2016). 

Imaging technologies such as MRI play an important role 

in diagnosing vestibular disorders by identifying structural 

abnormalities (Musat et al., 2025). AI-driven healthcare 

innovations can analyse large datasets obtained from sleep 

monitoring systems and vestibular function tests, assisting 

clinicians in identifying complex conditions more 

efficiently (Devi et al., 2025; Catherine et al., 2025). 

 

Telemedicine-based vestibular assessments have also 

emerged as valuable tools for expanding healthcare 

accessibility, particularly for patients in rural and 

underserved regions where specialised otoneurological care 

is limited (Vinolo-Gil et al., 2025). Patient empowerment 

through knowledge of vestibular conditions and 

rehabilitation strategies is critical for improving long-term 

outcomes (Vettriselvan et al., 2026). Digital marketing 

innovations and machine learning platforms further 

enhance patient engagement and awareness regarding 

vestibular health management (Swadhi et al., 2025; Jenifer 

et al., 2025). Tribal and indigenous community health 

determinants, including limited access to specialised 

diagnostic services, compound vestibular disorder burden 

in marginalised populations (Ashifa, 2021; 

Kariveliparambil et al., 2026). 

 

6.  Conclusion 
 

Auditory and vestibular disorders significantly affect 

hearing, balance, spatial orientation, and quality of life. 

Traditional diagnostic methods often face limitations due to 

overlapping clinical symptoms, variability in patient 

presentations, and the complexity of vestibular system 

physiology. Advanced diagnostic tools such as video head 

impulse testing, machine-learning-based predictive models, 

digital imaging technologies, and smartphone-based 

diagnostic applications have significantly improved 

clinicians' ability to identify vestibular dysfunction 

accurately and efficiently. Telemedicine platforms, AI-

driven diagnostic systems, and rehabilitation robotics 

further enhance patient-centred vestibular care. Continued 

research and technological development will be essential 

for advancing diagnostic capabilities and improving patient 

outcomes in otoneurology. 
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