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Abstract 

This narrative review synthesises current evidence on the mechanistic pathways linking benign 

paroxysmal positional vertigo (BPPV), age-related vestibular decline, and fall risk among older 

adults. In the context of ageing, BPPV involves otoconia fragmentation and dislodgement, 

alongside altered endolymph dynamics, lead to impaired multisensory integration and reduced 

postural stability. Concurrently, vestibular ageing involves progressive degeneration of peripheral 

and central vestibular structures, leading to diminished gaze stabilisation, weakened vestibulo-

spinal reflexes, and reduced adaptive capacity, thereby increasing vulnerability to falls. Four 

interrelated mechanistic pathways are identified through which BPPV contributes to falls in older 

adults: (1) episodic vertigo as a direct fall trigger, (2) chronic disequilibrium following BPPV 

episodes, (3) gait alterations and instability, and (4) cognitive and psychological mediators, 

including fear of falling and increased attentional demands. These mechanisms are further 

amplified by frailty and reduced physiological reserve in later life. The review underscores the 

importance of integrating fall risk profiling and frailty assessment into the clinical management of 

vestibular disorders in older adults. Comprehensive evaluation of dizziness severity, balance 

performance, and gait parameters is essential to improve diagnostic precision and guide targeted 

rehabilitation strategies. Management of BPPV in older adults requires interventions that balance 

mechanistic efficacy with geriatric safety, including modified canalith repositioning manoeuvres 

and individualised vestibular rehabilitation tailored to age-related vestibular decline. Addressing 

psychological sequelae, particularly fear of falling, is also critical, as maladaptive behaviours may 

exacerbate functional decline, reduce quality of life, and perpetuate fall risk in this population. 
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Introduction 
 

Benign paroxysmal positional vertigo (BPPV) is 

the most prevalent peripheral vestibular disorder 

in later life and a major, yet frequently under-

recognised, contributor to falls among older 

adults [1][2][3]. BPPV is less commonly reported 

in children and younger adults and occurs 

predominantly among middle-aged and older 

adults. Clinical studies demonstrate that BPPV 

commonly affects individuals in middle age, with 

one clinical series reporting a mean age of 56.5 

years and cases extending to 78 years [4]. 

Population-based data indicate a lifetime 

prevalence of approximately 2.4% in the general 

population, increasing to around 4.5% in 

individuals aged 75 years, with an annual 

incidence of about 0.6%. These figures 

demonstrate that BPPV is particularly prevalent 

in later life [4][5][6]. This age-related rise 

coincides with a period of heightened fall 

vulnerability, during which falls represent a 

leading cause of disability, institutionalisation, 

and mortality in geriatric populations [7]. The 

epidemiological impact of BPPV on falls is 

amplified by age-related sensory decline within 

the vestibular system. Ageing is characterised by 

progressive degeneration of otoconia, vestibular 

hair cells, and afferent pathways, resulting in 

reduced vestibulo-ocular and vestibulo-collic 

reflex gains and diminished central compensation 

[8][9]. In this context, otoconial fragmentation 

and displacement into the semicircular canals 

generate exaggerated and poorly compensated 

vestibular signals, leading to vertigo, postural 

instability, and spatial disorientation [1][8]. 

Notably, vestibular agnosia in some older adults 

results in atypical symptom presentation, such as 

vague unsteadiness without overt vertigo, 

contributing to underdiagnosis and persistent fall 

risk [3]. 

Beyond episodic vertigo, BPPV produces 

sustained impairments in postural control and gait. 

Older adults with BPPV demonstrate altered 

sensory orientation, impaired perception of 

verticality, increased postural sway, and reduced 

gait stability. Although these deficits improve 

following particle-repositioning manoeuvers, 

complete normalisation is uncommon, 

particularly in the presence of frailty and 

recurrent symptoms [10] [11]. Residual dizziness 

and activity restriction further promote fear of 

falling, physical deconditioning, and accelerated 

frailty trajectories, reinforcing a self-perpetuating 

cycle of instability and falls [12][13]. While 

canalith repositioning procedures are highly 

effective in resolving positional vertigo, older 

adults frequently require repeated treatments and 

experience higher recurrence rates, reflecting the 

interaction between BPPV pathology and 

multisystem ageing [14] [15]. These observations 

underscore the need for a systems-based, 

multidisciplinary approach integrating timely 

BPPV identification, management of age-related 

comorbidities, and post-treatment rehabilitation 

to address residual imbalance. Collectively, 

BPPV and age-related vestibular decline jointly 

shape the epidemiology of falls by destabilising 

balance control at multiple levels, positioning 

BPPV as a critical and modifiable target in 

geriatric fall prevention strategies. This is also 

aligned with the International Classification of 

Functioning, Disability and Health (ICF) 

framework, with pathophysiological changes 

associated with vestibular ageing and 

impairments that lead to functional limitations 

and participation restrictions, including falls. 

 

Literature search 

 

Two authors independently conducted a 

structured literature search of the Scopus database 

on 12 December 2025 to identify relevant 

literature examining benign paroxysmal 

positional vertigo (BPPV) in the context of age-

related vestibular decline and its association with 

fall-related outcomes among older adults. Scopus 

was selected as the primary database because of 

its extensive multidisciplinary coverage, strong 

indexing of peer-reviewed journals in medicine, 

rehabilitation, and allied health sciences, and 

comprehensive citation-tracking capabilities that 

support retrieval of both foundational and 

contemporary studies. Its broad inclusion of 
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international journals also supports a more 

globally representative evidence base, which is 

particularly relevant for geriatric and vestibular 

research. 

The search strategy employed combinations of 

the following keywords: ("benign paroxysmal 

positional vertigo" OR BPPV) AND ("older 

adults" OR elderly OR ageing* OR geriatric) 

AND ("vestibular decline" OR "vestibular 

ageing*" OR "age-related vestibular loss" OR 

dizziness OR balance OR "postural control" OR 

gait) AND (falls OR "fall risk"). Articles were 

excluded if they were published in language other 

than English or if their primary focus was on 

paediatric populations or vestibular disorders not 

specific to BPPV. Articles were included if titles, 

abstracts, and full texts, where available, involved 

older adult populations, specifically focused on 

BPPV or addressed aspects of vestibular ageing 

in relation to fall risk, dizziness, balance and gait. 

No restrictions were applied regarding 

publication date or year, and no formal quality 

assessment was conducted, consistent with the 

narrative review design. The search identified 93 

records. Following title and abstract screening, 54 

records were excluded, leaving 39 full-text 

articles for eligibility assessment. Of these, 16 

articles were excluded based on the predefined 

eligibility criteria, resulting in 23 articles included 

as the core evidence base for the narrative 

synthesis. An additional 48 references, identified 

outside the structured Scopus search through 

reference lists and other relevant sources, were 

incorporated as supporting background and 

contextual sources to inform the theoretical, 

mechanistic, diagnostic, rehabilitation, and 

clinical discussion. These additional sources were 

not considered part of the core search-derived 

synthesis. Thus, the manuscript contains 71 

references in total, comprising 23 core articles 

identified through the structured Scopus search 

and 48 supporting references. 

 

Age-related vestibular degeneration 

Age-related vestibular degeneration reflects 

progressive structural and functional decline 

across peripheral and central vestibular pathways, 

reducing the precision of vestibular signalling and 

impairing the integration of multisensory inputs 

essential for postural stability, thereby 

heightening susceptibility to instability and falls. 

Peripheral degeneration is marked by cumulative 

loss of vestibular hair cells, fragmentation and 

depletion of otoconia, and progressive neural 

atrophy. Hair cell loss in both semicircular canals 

and otolith organs reduces the accuracy of head-

motion transduction and contributes to 

diminished sensitivity to rotational and linear 

accelerations [16][17]. Concurrent degeneration 

of otoconia, including numerical loss and 

morphological disruption, weakens utricular and 

saccular responsiveness to gravitational cues, 

further degrading spatial orientation [17][18]. 

Progressive neural decline, marked by a reduction 

in vestibular ganglion cells and primary afferent 

fibres, compounds these deficits by impairing 

transmission from the labyrinth to central 

vestibular nuclei [16]. Age-related vestibular 

decline proceeds unevenly across end organs: 

semicircular canal ageing manifests as reductions 

in vestibulo-ocular reflex gain, whereas otolith 

ageing is characterised more prominently by 

otoconial degeneration and hair cell loss [13]. 

Central vestibular ageing further amplifies 

peripheral decline by degrading multisensory 

integration, attenuating compensation 

mechanisms, and weakening sensory reweighting. 

Reduced central integration limits the ability to 

synthesise vestibular, visual, and proprioceptive 

cues, impairing the stability of internal spatial 

representations and increasing reliance on less 

reliable sensory channels [19][20]. This 

impairment becomes particularly consequential 

in environments with sensory conflict or 

diminished visual information. Ageing also 

reduces neural plasticity, dampening 

compensation following vestibular insults and 

decreasing the effectiveness of rehabilitation 

strategies [13][18]. Impaired sensory reweighting 

constraints the adaptive capacity of older adults to 

modulate reliance on vestibular, visual and 

somatosensory inputs in response to changing 
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environmental demands [19][20]. Together, these 

central deficits magnify the functional 

consequences of peripheral deterioration, 

producing a layered decline in balance control 

that contributes to instability, dizziness, and fall 

vulnerability in older adults. 

 

Pathophysiology of BPPV in the context of 

ageing 

The pathophysiology of BPPV in ageing emerges 

from interacting peripheral and central 

mechanisms that destabilise otoconial integrity, 

alter canal hydrodynamics, and reduce 

compensatory plasticity. Otoconia fragmentation 

and dislodgement represent the primary 

mechanisms through which ageing modifies 

BPPV risk. Declining calcium homeostasis, 

oestrogen deficiency, osteoporosis, and vitamin D 

insufficiency weaken otoconial mineralisation 

and accelerate microstructural degeneration, 

increasing the likelihood of particle detachment 

[1][21]. These metabolic and endocrine changes 

promote otoconial instability, facilitating debris 

migration into the semicircular canals or adhesion 

to the cupula [22][23]. Canalithiasis and 

cupulolithiasis subsequently disrupt normal 

mechanotransduction by imposing inappropriate 

gravitational forces on the cupula, producing 

exaggerated canal responses and positional 

vertigo [24]. 

Ageing further amplifies the biomechanical 

impact of displaced otoconia through altered 

endolymph dynamics. Degeneration of vestibular 

hair cells, ganglion cells, and afferent fibres 

reduces inhibitory modulation from otolith organs, 

heightening canal gain and sensitivity to 

particulate movement [17][25]. As a result, 

canalith-induced endolymph flow generates 

greater cupular deflection and more sustained 

nystagmus. These peripheral alterations coexist 

with central declines in neural plasticity and 

processing efficiency, limiting vestibular 

compensation and prolonging symptom 

persistence [19]. Age-modified symptom 

expression reflects the convergence of peripheral 

instability and central vulnerability. Older adults 

experience prolonged vertigo episodes, increased 

postural sway, and delayed recovery due to 

impaired multisensory integration and a greater 

comorbidity burden [13][26][27][28]. 

Collectively, these mechanisms magnify fall risk 

and functional impairment, transforming BPPV 

into a more persistent and destabilising disorder. 

 

Mechanism pathways and linking BPPV to 

falls in older adults 

The linkage between BPPV and falls in older 

adults is mediated by interacting peripheral 

vestibular disturbances and age-related declines 

in central compensation. Reduced gaze 

stabilisation emerges as a critical interface, where 

age-related reductions in vestibulo-ocular reflex 

(VOR) gain impair visual fixation during head 

movement, while BPPV introduces episodic 

canal hyperexcitation due to displaced otoconia 

[23][29]. Superimposed recurrent canal-driven 

noise from BPPV further destabilises postural 

control, particularly under environmental or task-

related challenges [30]. Frailty and co-existing 

vestibular hypofunction exacerbate deficits in 

reactive balance and gait adaptability [13][31]. At 

the integrative level, constraints in multisensory 

reweighting slow adaptive recalibration across 

vestibular, visual, and proprioceptive inputs, 

resulting in increased sway variability and 

prolonged stabilisation times [32][33][34].  

Although visual dependence increases with 

vestibular loss, limited flexibility in sensory 

integration sustains instability and delays 

recovery from positional vertigo [35][36]. 

Furthermore, concomitant alterations in gait 

dynamics and cognitive–affective responses 

further compound instability [37][38]. 

Epidemiological evidence demonstrates 

increased fall incidence in individuals with BPPV, 

underscoring its clinical significance as a fall-

related disorder [39][40]. Collectively, these 

interactions delineate four interrelated 

mechanistic pathways through which BPPV, 

superimposed on vestibular ageing, amplifies fall 

risk in older adults: episodic vertigo, chronic 
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disequilibrium, gait instability, and cognitive-

psychological mediators, as shown in Figure 1. 

 

Episodic vertigo as a direct fall trigger 

Episodic vertigo functions as the most direct fall 

precipitant. Otoconial displacement in 

canalithiasis and cupulolithiasis provokes 

aberrant semicircular canal activation during even 

minor positional transitions, generating high-

velocity ocular–vestibular conflict within 

milliseconds [23][29]. In addition, video head 

impulse testing demonstrates exaggerated VOR 

asymmetries and delayed corrective saccades 

during positional transitions in older adults 

[41][42]. These rapid perturbations impair spatial 

orientation, disrupt gaze stabilisation, and 

destabilise stance during routine tasks such as 

rising, bending, or rolling in bed. Epidemiological 

evidence linking BPPV with increased fracture 

incidence underscores the destabilising 

magnitude of these acute episodes [39][40]. The 

episodic, unpredictable nature of symptom onset 

further amplifies fall susceptibility, as older 

adults cannot reliably anticipate when head 

movements will trigger disabling vertigo. 

 

Chronic disequilibrium in post-BPPV phase 

Chronic disequilibrium represents a second 

mechanistic pathway. Despite successful canalith 

repositioning manoeuvres (CRM), a subset of 

individuals complains of residual dizziness 

marked by persistent imbalance, motion 

sensitivity, and impaired postural calibration [43]. 

Age-related reductions in central plasticity 

prolong compensatory timelines, producing a 

sustained period of functional vulnerability in 

which balance remains compromised despite 

symptom resolution on positional testing. These 

post-BPPV disequilibrium phases extend the 

temporal window of fall vulnerability well 

beyond the acute vertigo period, with longitudinal 

analyses demonstrating persistent functional 

vestibular symptoms and elevated fall rates 

months after treatment [44]. This persistent 

instability diminishes confidence, reduces 

functional mobility, and promotes maladaptive 

avoidance behaviours. 

 

Gait alterations and instability 

Gait alterations constitute a third mechanistic 

pathway linking BPPV to falls, reflecting 

impaired vestibulo-spinal integration and 

aberrant sensory weighting. Concurrently, age-

related impairment of vestibulo-spinal reflex 

(VSR) pathways amplifies instability through 

reduced speed, precision, and scaling of 

automatic postural responses, alongside 

compressed vestibular frequency responsiveness 

and altered muscle activation patterns [45][46]. 

Older adults with BPPV thus exhibit slower gait 

speed, greater mediolateral sway, reduced head–

trunk coordination, and impaired tandem and 

turning performance; these kinematic patterns 

indicate destabilised dynamic balance [37]. These 

abnormalities increase step variability, reduce 

gait symmetry, and compromise turning control, 

all of which are strong predictors of falls in 

vestibular older adults. Sarcopenia and age-

related reductions in lower-limb strength further 

exacerbate gait instability, particularly during 

rapid direction changes or tasks requiring reactive 

stepping [38]. When BPPV is superimposed on 

pre-existing vestibular hypofunction, postural 

instability intensifies, producing a cumulative 

destabilisation that extends across daily mobility 

tasks. 

 

Cognitive and psychological mediators 

Cognitive and psychological factors provide a 

fourth mechanistic pathway through which BPPV 

elevates fall risk. Fear of falling, commonly 

emerging after BPPV episodes, promotes 

maladaptive behavioural responses such as 

stiffened gait, reduced stride length, and 

avoidance of mobility-demanding activities [37]. 

These compensations degrade stability and 

promote deconditioning. Older adults with 

vestibular impairment rely disproportionately on 

cognitive resources to maintain balance, resulting 

in elevated dual-task costs, delayed compensatory 

reactions, reduced situational awareness, and 
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elevated fall susceptibility during everyday 

multitasking. These cognitive–affective 

dynamics interact synergistically with peripheral 

vestibular deficits, producing a multidimensional 

fall-risk profile that persists even after 

repositioning manoeuvres restore canal function.  

 

Assessment and diagnostic considerations in 

older adults 

Assessment and diagnosis of vestibular disorders 

in older adults requires adaptation to frailty, 

multisensory decline, and interactions between 

age-related vestibular degeneration and geriatric 

syndromes. Bedside positional testing remains 

central to identifying benign paroxysmal 

positional vertigo (BPPV); however, in frail 

individuals, procedural modification is often 

required. Although the Dix–Hallpike manoeuvre 

remains the diagnostic reference standard, 

cervical spine limitation and orthostatic 

vulnerability frequently necessitate side-lying 

variants or mechanical support to ensure safety 

without compromising diagnostic yield [13][47]. 

Complementary bedside assessments, such as the 

headshake test, provide rapid insight into 

vestibular asymmetry and have demonstrated 

predictive value for falls in older adults with 

multisensory dizziness [48].  

Instrumental vestibular testing refines diagnostic 

precision by characterising frequency-specific 

vestibulo-ocular reflex (VOR) deficits associated 

with vestibular ageing. The video head impulse 

test (vHIT) detects high-frequency canal 

hypofunction, while rotatory chair testing 

evaluates mid-frequency dynamics and caloric 

testing identifies low-frequency and bilateral 

vestibular loss, all of which are closely linked to 

gait and balance impairment [49][31][50]. 

Vestibular evoked myogenic potentials (VEMPs) 

further delineate otolith pathway integrity and aid 

in identifying vestibular contributions to 

cognitive impairment [51]. Fall-risk profiling is 

an essential parallel component of vestibular 

assessment, as falls rarely arise from vestibular 

dysfunction alone. Comprehensive profiling 

integrates fall history, medication burden, 

orthostatic responses, affective symptoms, 

reaction time, gait stability, and sensory integrity 

[52]. Frailty substantially modifies vestibular 

presentation; older adults with BPPV and frailty 

exhibit greater postural instability and higher fall 

incidence than non-frail peers [31]. Peripheral 

vestibular impairment is also over-represented 

among recurrent fallers, underscoring vestibular 

evaluation as a core element of geriatric fall-risk 

assessment [53]. 

 

Management strategies and fall-prevention 

implications 

Management of BPPV in older adults requires 

interventions that balance mechanistic efficacy 

with geriatric safety while targeting both 

symptom resolution and fall-risk reduction. Age-

related vestibular degeneration, frailty, cognitive 

slowing, and musculoskeletal limitations 

necessitate adapted clinical strategies that 

maintain therapeutic precision while ensuring 

feasibility and safety in ageing populations. 

 

Canalith repositioning manoeuvres (CRMs) in 

older adults 

CRMs are the first-line treatment for BPPV in 

older adults and demonstrate high short-term 

efficacy with rapid symptom resolution 

[54][55][56]. However, recurrence is more 

common in geriatric populations due to age-

related otoconial degeneration, multisystem 

comorbidity, and reduced vestibular 

compensation, often requiring repeated 

interventions [55]. Standard CRMs may be 

constrained by cervical spine disease or limited 

mobility; therefore, modified approaches, 

including hybrid techniques and the rolling-over 

manoeuvre, provide effective and safer 

alternatives without compromising outcomes 

[57][58][59]. Patient education regarding 

positional triggers and structured follow-up is 

essential for recurrence prevention [55]. 
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Vestibular rehabilitation tailored to age-

related decline  

Vestibular rehabilitation (VR) is a critical adjunct 

for older adults with residual dizziness, imbalance, 

or coexisting vestibular hypofunction. 

Individualised programs incorporating gaze 

stabilisation, balance reweighting, and 

habituation exercises consistently reduce 

dizziness severity and improve postural control 

and gait performance [51][60][61]. These 

interventions enhance vestibulo-ocular reflex 

function and adaptive postural responses while 

accommodating age-related sensory and 

cognitive decline [62]. 

 

Multidomain fall prevention 

Fall prevention in vestibular older adults requires 

a multidomain strategy beyond vestibular-

specific treatment. Multicomponent exercise 

programs combining strength and balance 

training are most effective for reducing falls and 

fractures [63][64]. Environmental hazard 

modification and systematic medication review 

further mitigate risk, while addressing fear of 

falling and activity avoidance is essential to 

sustain functional independence and 

rehabilitation adherence [65][66][67]. 

 

Innovative and mechanical adjuncts 

Emerging technologies are expanding access to 

vestibular care. Telerehabilitation and virtual 

reality–based interventions demonstrate 

promising efficacy in improving balance and 

dizziness while overcoming mobility barriers 

[68][69][70]. Automated mechanical 

repositioning chairs offer a safe and effective 

alternative for patients unable to tolerate manual 

CRMs, with favourable recurrence profiles [71]. 

 

Conclusion 

 

BPPV represents a clinically important and 

potentially modifiable contributor to falls in older 

adults. The findings of this review indicate that 

the consequences of BPPV in later life extend 

beyond transient positional vertigo because age-

related degeneration of vestibular hair cells, 

otoconia, and neural pathways concurrently 

reduces vestibular function, multisensory 

integration, sensory reweighting, and central 

compensatory capacity. This convergence of 

BPPV-related vestibular disturbance with age-

related sensory decline creates a heightened 

vulnerability to postural instability and functional 

impairment. Four interconnected pathways- 

episodic vertigo, chronic disequilibrium, gait 

instability, and cognitive-psychological response- 

provide a mechanistic framework linking BPPV 

to increased fall risk. Concurrent gait alteration, 

frailty, sarcopenia, fear of falling, and activity 

restriction further reinforce a cycle of instability, 

reduced mobility, and functional decline.  

Accordingly, fall risk profiling should be 

systematically embedded within vestibular 

rehabilitation pathways and supported by 

objective assessment of dizziness severity, 

balance performance, and gait parameters. 

Psychological sequelae also warrant explicit 

attention, as chronic vestibular symptoms 

frequently precipitate fear of falling, anxiety, and 

activity restriction, reinforcing functional decline 

through behavioural avoidance and 

deconditioning. 

From a practical perspective, the findings 

highlight the need for individualised, age-

sensitive management strategies that integrate 

vestibular rehabilitation with multidomain fall 

prevention. Rehabilitation programmes should be 

tailored to age-related vestibular decline and 

frailty, with the dual aims of optimising postural 

control, gait stability, and gaze function while 

addressing psychological well-being to sustain 

participation in daily activities. Incorporating 

vestibular assessment into routine fall risk 

evaluation is therefore essential in geriatric 

practice, given that vestibular dysfunction 

remains a significant yet under-recognised 

contributor to falls in later life. Furthermore, from 

a theoretical perspective, this review advances 

understanding of vestibular ageing by situating 

BPPV within a systems-based framework linking 

pathophysiological changes to activity limitations 
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and participation restrictions. In alignment with 

the International Classification of Functioning, 

Disability and Health (ICF), the findings 

demonstrate how structural vestibular 

impairments interact with frailty, cognitive load, 

and environmental demands to generate falls as 

an emergent outcome. Refining theoretical 

models to account for these dynamic interactions 

will strengthen the foundation for future research 

and inform the development of integrated, 

mechanism-driven interventions targeting falls 

among vestibular older adults. 
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Figure 1. The schematic illustrates an integrated cyclical model in which acute vestibular disturbances and chronic 

sequelae interact to develop mechanistic pathways that elevate fall risk. Episodic vertigo represents the acute trigger, 

producing transient disorientation and immediate postural destabilisation during positional changes. This acute 

instability manifests biomechanically as gait alterations, including reduced speed, increased variability, and impaired 

turning, reflecting compromised dynamic balance. Persistent symptoms following BPPV episodes contribute to 

chronic disequilibrium, characterised by sustained deficits in postural control and sensory integration beyond the acute 

phase. Concurrently, cognitive and psychological mechanisms, particularly fear of falling, emerge and persist, 

reinforcing maladaptive movement patterns, increasing attentional demands, and heightening fall susceptibility in 

older adults with underlying age-related vestibular decline. 
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