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Posturographic study in older patients
with instability associated with benign
paroxysmal positional vertigo: a
prospective analysis

Paula Pefia Navarro', Sofia Pacheco Lépez', Susana Marcos Alonso’,
Cristina Nicole Aimeida Ayerve', Ana Belén Alonso San Eloy?,

Juan Carlos Del Pozo De Dios', Hortensia Sanchez Gémez',
Santiago Santa Cruz Ruiz'2, Angel Batuecas Caletrio’?

' Neurotology Unit, ENT Department, University Hospital of Salamanca, IBSAL, Salamanca,
Spain;? ENT Department, Faculty of Medicine, University of Salamanca, Salamanca, Spain

Background and aims. Benign paroxysmal positional vertigo is the
most frequent type of peripheral vertigo. The characteristic vertiginous
symptoms with head movements are not always present but can of-
ten be described as persistent instability lasting weeks or months. It is
more common in elderly patients, significantly restricting their ability to
perform everyday activities. We aimed to assess the factors related to
a greater propensity to present such instability. Methods. A prospective
observational study was conducted on a cohort of 50 patients with be-
nign paroxysmal positional vertigo. The study comprised two groups:
older and younger than 70 years. Questionnaires for dizziness (Dizzi-
ness Handicap Inventory) and risk of falls (falls efficacy scale) were ad-
ministered to both groups, and a dynamic posturography was conduct-
ed upon diagnosis of benign paroxysmal positional vertigo and once
resolved. Results. In the younger group, the mean age was 51.5 years
(56.7% women). Regarding the subjective assessment, both question-
naires improved significantly (p < 0.001). The objective values assessed
by posturographic analysis improved significantly after the treatment.
Conversely, the elderly group was aged 77.4 years on average (68.8%
women). In the subjective assessment, only falls efficacy scale im-
proved (p = 0.015), and the posturographic values improved marginally
than that in the younger group, with no significant improvement.
Conclusions. The study using dynamic posturography could play a
role in the assessment of residual dizziness and will allow the imple-
mentation of a targeted treatment for patients.

Key words: benign paroxysmal positional vertigo, instability, dynamic
posturography

INTRODUCTION

Europe has the oldest population in the world, with 19% of its citizens
aged above 65 years in 2021. Of the global population, 10% are above
65 years, and the figures are estimated to reach 1.5 billion by 2050, rep-
resenting approximately 22% of the total population. In this context, the
well-being of our elderly is essential; that is, to ensure an autonomous and
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independent lifestyle for their daily activities. Owing to
aging, along with the other systems in the body, dete-
rioration of the vestibular system occurs that can cause
multiple otoneurological symptoms such as vertigo,
instability, gait disturbances, and even occasional falls
derived from the previous symptoms . Falls are one
of the main causes of lesions, disability, institutionalisa-
tion, and even death among elderly individuals. They
are considered markers for frailty and are the most
characteristic example of geriatric symptoms 2.
Postural control is a complex motor ability that allows
controlling the centre of mass of the body with regard
to a base of support through the interaction between
the musculoskeletal and neural systems. It is essential
in adaptive and anticipatory movements to avoid falls. It
involves controlling the body position in space with two
goals: orientation and stability. To ensure that postural
balance is maintained in space, the three systems; ves-
tibular, visual, and somatosensory must be combined,
and they are coordinated by the central nervous system
to maintain the balance and ensure the necessary ad-
justments in each situation .

Benign paroxysmal positional vertigo (BPPV) is the most
common peripheral vestibular disorder. It appears in ap-
proximately 25% of all vertigo cases with a vestibular
origin #® and has a prevalence of 2.4% in the general
population 378, It is particularly relevant among the el-
derly because the age of onset of symptoms is generally
between 60 and 70 years, and the risk of developing
increases with age until it reaches a prevalence of 10%
among individuals > 80 years °. The symptoms of vertigo
are the most common cause of medical consultation
in patients aged > 75 years. It has a higher prevalence
among women, with a ratio of 2:1 © and a greater inci-
dence in the posterior semicircular canal. The etiology is
generally unknown, followed by cranioencephalic trau-
ma, migraine, or Meniere’s disease '*'". BPPV is caused
by the mechanical stimulation of the vestibular receptors
owing to the dislodgement or abnormal displacement of
the otoconia in the utriculum through the semicircular ca-
nals, which causes the characteristic symptoms of dizzi-
ness and spinning sensation 12 that can last for seconds
and are triggered by certain head movements. However,
BPPV is relatively frequently described clinically as insidi-
ous instability, with approximately 40% of patients aged
> 70 years diagnosed upon presenting symptoms of
instability 3. Additionally, some patients report residual
dizziness after the resolution of BPPV, with variable dura-
tion, which can critically limit their quality of life. These
symptoms of unbalance can cause depression among
the elderly, leading to reduced daily activities '® and a
risk factor for falls, which in turn is a significant cause
of disability, hospital admission, and even lesion-related
deaths in patients aged > 75 years .

In contrast, Computerised Dynamic Posturography
(CDP) is a tool that registers different alterations in bal-
ance and differentiates between the contributions from
each sensory system to postural control. It also as-
sesses the skill of the balance system to adapt to differ-
ent conditions in which it must select between different
sensory alternatives or strategies to maintain stability.
Two different tests are performed: Limits of Stability
Testing (LoS) and Sensory Organisation Test (SOT).
The LoS quantifies the patient’s ability to displace their
centre of gravity to different positions in space, which
makes it possible to analyse their postural control while
moving or during a dynamic displacement of their cen-
tre of gravity. In contrast, the SOT analyses the relative
contribution of somatosensory, visual, and vestibular
receptors to the global stability of the patient. Moreover,
it shows which of the systems involved in maintaining
the balance are responsible for the patient’s stability
and their capacity to maintain their balance with errone-
ous and/or reduced sensory inputs '°.

Although it is benign, BPPV may have significant conse-
quences, which can be highly incapacitating and even
compromise the capacity to perform basic activities of
daily life. These consequences appear mainly during the
acute moments of vertigo; however, they may have some
implications between crises with functional and emotional
consequences. Thus, the knowledge of the characteristics
of global balance in elderly patients with BPPV must be en-
hanced and variables that may be associated with balance
loss and postural control must be identified to implement
targeted prevention and rehabilitation strategies %", Cur-
rently, limited literature analyses the functional aspects and
quality of life of the elderly population after BPPV treatment,
specifically focusing on their postural control.

We hypothesised that these symptoms of instability
associated with BPPV appear more frequently in el-
derly patients than those in younger patients and have
a significant impact on their quality of life. Therefore,
the risk of falls is increased, with the corresponding so-
cioeconomic impact. Collectively, our research group is
motivated by the importance of identifying and applying
an early treatment for BPPV in the elderly population,
which can improve their quality of life and prevent falls.
Therefore, this study aimed to research the clinical and
posturographic factors related to a higher probability to
present this instability and to determine whether age is
a determining factor in this process.

METHODS

DEesigN

An observational, prospective study was conducted
with a cohort of 50 patients with a final diagnosis of
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BPPV established with manoeuvres to provoke nys-
tagmus (Dix-Hallpike, McClure-Pagnini, and cephalic
hyperextension). This cohort was assessed by the Ex-
ternal Consultation Unit or as an emergency between
the years 2020 and 2022 by the Department of Otorhi-
nolaryngology of the University Healthcare Complex of
Salamanca.

PopuLATION

The inclusion criteria were as follows: voluntary pa-
tients aged > 18 years, with a stable medical condition,
without a prior history of other concomitant vestibular
conditions, without episodes of BPPV in the previous
year, and without previous treatment of vestibular reha-
bilitation. The sample was divided into 30 patients aged
< 70 years or the “younger population” (cohort A) and
16 patients aged > 70 years or the “older population”
(cohort B).

All the patients signed an informed consent form be-
fore being included in the study. This study follows the
Ethical principles for medical research involving human
participants presented in the 2013 Declaration of Hel-
sinki @, It also received approval from the Institutional
Review Board (CEIM) of the University Healthcare Com-
plex of Salamanca.

VARIABLES

Upon inclusion of each patient in the study and after
signing the informed consent form, the diagnosis of
BPPV was obtained and we collected the demographic
and clinical data that could be related to BPPV (this da-
ta collection point was classified as taking place before
the study). The data included patients’ personal medi-
cal history (cranioencephalic trauma, prolonged bed
rest, cardiovascular risk factors, history of migraine,
hearing, oncological or neurological disorders, vitamin
D deficiency, or thyroid disorders), risk factors that may
have contributed to the symptoms (sleeping position,
previous neck, cardiovascular, traumatological or visual
disorders, a history of BPPV from more than one year
ago, walking aids, and use of antivertigo drugs), and
the characteristics of the BPPV, both during anamnesis
and in the otoneurological examination, including the
characteristics of the nystagmus (time of evolution of
symptoms, affected semicircular canal, affected side,
latency and duration of the nystagmus, and therapeutic
approach). The patients also completed questionnaires
on instability (Dizziness Handicap Inventory: DHI) and
the risk of falls (Falls Efficacy Scale: FES) and under-
went CDP that included the analysis of stability limits
and a sensory organisation test. Following this, the
particle repositioning manoeuvre was performed, and

the patient was reassessed after 10 days. The follow-
up period continued until the symptoms were resolved,
as assessed by the same diagnostic manoeuvrers and
with the same treatment if the symptoms persisted. In
the case of resolution of BPPV (or with lack of resolu-
tion after five therapeutic manoeuvres), data regarding
patients’ symptoms were collected again (and this was
classified as taking place after the study). The patients
completed the DHI and FES questionnaires again, and
a second CDP was performed.

STATISTICAL ANALYSIS

After the data collection, a descriptive analysis was
conducted for clinical and posturographic variables.
Subsequently, a comparative statistical analysis was
performed using contingency tables. This was initially
an intragroup study with statistical analysis in each co-
hort for the results obtained during the acute symptoms
and after they were resolved, with McNemar’s, and
Wilcoxon'’s tests for paired data. An intergroup analy-
sis was also performed to compare the results of both
cohorts before and after treatment using the Fisher and
the Mann-Whitney U tests. The software IBM SPSS
Statistics version 20 was used to perform statistical
analysis, and values of p < 0.05 were considered sig-
nificant.

RESULTS

We had a total sample of 46 patients after four patients
were excluded from the study for not completing the
follow-up. The sample was divided into two groups: co-
hort A, with 30 patients < 70 years of age and Cohort B,
with 16 patients > 70 years of age.

In cohort A, the average age was 51.50 years and
56.7% of the population were women. In cohort B, the
average age was 77.38 years and 68.8% of the popula-
tion were women. The differences regarding sex in both
groups were not statistically significant (p = 0.424).

No statistically significant differences were observed
between both groups regarding their personal history of
risk factors for BPPV, such as cranioencephalic trauma
(p = 0.708) or prolonged bed rest (p = 0.318). With
regard to their medical history, both groups showed
the same basal characteristics for cervical, neurologi-
cal, cardiovascular, traumatological, or visual disorders
(Tab. ).

In both groups, the most commonly affected semicir-
cular canal was the posterior right canal, which was
the side on which patients most commonly slept. With
regard to the BPPV symptoms during the acute stage,
the time of evolution of the symptoms (time from the
onset of symptoms until medical consultation and
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Table 1. Demographic and clinical variables related to BPPV in both age groups and p value for statistical significance of their com-

parison.
Cohort A < 70 YEARS Cohort B > 70 YEARS P-value
(n = 30) (n = 16)
Age (mean +/- standard deviation) 51.5 +/-12.93 77.38+/-3.897
Sex (M:F) 13:17 (M = 56.7%) 5:11 (M = 68.8%) 0.424
Cranioencephalic trauma 5(16.7%) 2 (12.5%) 1
Prolonged bed rest 5(16.7%) 1(6.3%) 0.649
Cardiovascular risk factors 10 (33.3%) 10 (62.5%) 0.07
Migraine 9 (30%) 4 (25%) 1
Other risk factors
Hearing disorder (sudden loss, surgery, ect.) 3(10%) 1(6.3%) 0.060
Cancer 1(3.3%) 2 (12.5%)
Neurological (previous stroke) 1(3.3%) 2 (12.5%)
Vitamin D deficiency/osteoporosis 2 (12.5%)
Sleeping position
Right 13 (43.3%) 9 (56.3%) 0.633
Left 7 (23.3%) 4 (25%)
Indifferent 10 (33.1%) 3(18.8%)
Evolution of symptoms (days) 116.07 +/-344.27 (median 10) 81.5 +/- 132.66 (median 30) 0.017*
Previous disorders
Cervical 16 (563.3%) 7 (43.8%) 0.758
Neurological 4 (13.3%) 16 (100%) 0.282
Cardiovascular 4 (13.3%) 3(18.8%) 0.681
Traumatological 8 (26.7%) 3(18.8%) 0.722
Visual 2 (6.7%) 4 (25%) 0.163
Previous BPPV (> 1 year before) 8 (26.6%) 6 (37.6%) 0.512
Walking aid 0 3(18.8%) 0.037*
Use of antivertigo drugs
No 24 (80%) 10 (62.5%) 0.023 *
Sulpiride 4 (13.3%) 1(6.3%)
Diazepam 2 (6.7%) 3(18.8%)
Combination 0 2 (12.5%)
Affected semicircular canal
Posterior 25 (83.3%) 14 (87.5%) 0.702
Horizontal canalolithiasis 4 (13.3%) 1 (6.3%)
Horizontal cupulolithiasis 1(3.3%) 1(6.3%)
Superior 0 0
Side
Right 16 (563.3%) 6 (37.5%) 0.364
Left 14 (46.7 %) 10 (62.5%)
Latency 2.27 +/-1.48 2.56 +/-2.34 0.99
Duration 17.04 +-15.65 14.87 +/-7.9 0.686
Manoeuvres
Epley 25 (83.3%) 14 (87.5%) 1
Guffoni 5 (16.7%) 14 (87.5%)
Jacovino 0
Resolved* 29 (96.7%) 13 (81.3%) 0.114
Canal Change 2 (6.7%) 3(18.8%) 0.325
No. of maneuvers performed
1 24 (80%) 7 (43.8%) 0.005*
2 5(16.7%) 3(18.8%)
3 0 2 (12.5%)
4 0 1(6.3%)
>5 1(3.3%) 3(18.8%)

* It is considered as “resolved” when the manoeuvres are negative on examination or with lack of resolution after five therapeutic manoeuvres.
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assessment by an ear, nose, throat [ENT] specialist)
was significantly longer in Cohort B than in Cohort A
(median differences: 10 days vs 30 days, p = 0.017). In
this regard, older patients had significantly higher use
of antivertigo drugs before treatment with BPPV than
those in younger patients (p = 0.023). The number of
manoeuvres required to resolve BPPV in the group
of older patients was significantly higher than that in
the younger patient group (p = 0.005). Approximately
18.8% of the patients in the group of older patients
required five or more manoeuvres for the resolution,
compared to only 3.3% in the group of younger pa-
tients (Tab. I).

With regard to the clinical variables reported subjec-
tively by the patients and that included during anamne-
sis (Tab. 1l), in both groups, the characteristic positional
vertigo symptoms improved significantly after treatment
(p < 0.001), without significant differences between
both groups. With regard to the instability symptoms
subjectively reported by the patients, both groups im-
proved significantly after treatment for BPPV. However,
when comparing the degree of improvement between
both groups, we observed that the improvement after
treatment was significantly more noticeable in the group
of younger patients than that in the older patient group
(p = 0.048). The presence of positional symptoms com-
pared to the instability before the treatment was not
statistically significant in cohort A (p = 0.514), and it was
close to being significant in cohort B (p = 0.065). The
number of falls in both groups before and after treat-
ment was reduced but was not significant in any of the
groups, whereas the need for walking aids during their
basal state was statistically significant (0% in cohort A
vs 18.8% in cohort B, p = 0.014). With regard to the

assessment through questionnaires, both the question-
naire for associated instability (DHI) and the risk of falls
(FES) in cohort A showed a significant improvement
(p < 0.001 in both of them), whereas only FES improved
in cohort B (p = 0.015).

Tab. lll describes the objective assessment of patients
through CDP. Comparing the parameters with those
of the LoS, we observed significant improvement after
BPPV treatment in the group of patients < 70 years of
age regarding the average reaction time in seconds
(p = 0.003), movement speed (°/s) (p = 0.019), and
maximum excursion (%) (p = 0.033). In contrast, the
group of patients aged > 70 years of age did not show
significant differences before and after the treatment
with regard to their average reaction time (p = 0.099),
movement speed (p = 0.053), endpoint excursion (%)
(p = 0.078), maximum excursion (%) (p = 0.051), and
directional control (%) (p = 0.266). Therefore, on com-
paring both groups, we observed a statistically signifi-
cant difference for reaction time and movement speed
after the resolution of BPPV (p = 0.000). Furthermore,
a significant difference was also observed for endpoint
excursion, maximum excursion and directional control
during the acute stage of BPPV and after its resolution
(p = 0.000).

Similar results were observed with the analysis of SOT.
The parameters analysed revealed a greater improve-
ment of BPPV-associated instability after treatment in
the younger group than in the older group. This test
assesses how patients use the somatosensory, visual,
and vestibular information and provides significant re-
sults in its composite value (p < 0.001), somatosen-
sory analysis (p = 0.038), and visual preference value
(p < 0.001), which shows the patient’s ability to assume

Table IlI. Subjective variables analyzed (symptoms reported by the patient and questionnaires) in each age group and p values for
statistical significance of comparison between values before and after treatment and when comparing both groups. Being DHI dizzi-

ness handicap inventory and FES Falls Efficacy scale.

Cohort A Cohort B P-value
< 70 years > 70 years (intergroup)
Before After P-value Before After P-value Before After
Vertigo symptoms 28 (93.3%) 1(3.3%) <0.001* | 14(87.5%) 0 < 0.001* 0.504 0.460
Instability symptoms 21 (70%) 8 (26.7%) <0.001* | 14(87.5%) | 9(56.3%) 0.031* 0.063 0.048*
No. of falls 0.502 1
0 25 (83.3%) | 30 (100%) 12 (75%) 16 (100%
>1 5 (16.7%) 0 0.063 4 (25%) 0 0.125
DHI 40.43 +/- | 15.4+/-17.7| <0.001* | 35+/-21.5 | 28.56+/- 0.277 0.304 0.286
19.86 29.7
FES 38.8 +/- 22.5 +/- < 0.001* 40.56 +/- 26.44+/- 0.015* 0.782 0.258
21.77 21.02 17.4 18.34
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Table Ill. Variables registered in the posturographic analysis of patients before and after treatment, and p values for statistical
comparison in each age group (before and after treatment) and between both groups.

Cohort A: Cohort B: P-value
< 70 Years > 70 Years (intergroup)
Pre ‘ Post ‘ P-value Pre Post P-value Pre ‘ Post
Stability limits
Reaction time (secs) 1.04 0.906 0.003* 7.39 1.21 0.099 0.000*
Movement speed (°/sec) 3.75 4.25 0.019* 8.74 3.3 0.053 0.264 0.006*
Endpoint excursion (%) 78.37 80.3 0.286 55.73 60.94 0.078 0.000* | 0.000*
Maximum excursion (%) 90.6 934 0.033* 71.8 77.63 0.051 0.000* | 0.000*
Directional control (%) 80 80.4 0.632 60.75 67.81 0.266 0.000 0.000
Sensory organization test

Composite 74.3 +/-9.06 | 80.53+/-3.63 | <0.001* | 58.63+/-17.15 | 67+/-13.38 0.004* 0.001* | <0.001*
Somatosensorial 94.53+/-9.61 | 97.9+/-1.69 0.038* | 95.75+/-4.54 | 95.69+/-5.17 0.959 0.642 0.177
Visual 88.07+/-7.41 | 90.43+/-4.49 0.316 80.25+/-16.49 | 86.63+/-8.12 | 0.016* 0.008* | 0.127
Vestibular 60.37+/-22.05 | 74.17+/-7.14 | <0.001* | 32.94+/-32.28 | 48.06+/-28.14 | 0.064 0.013* | <0.001*
Preference 103.0 +/-21.5 | 98.33+/-4.96 0.636 | 89.44 +/-27.89 | 93+/-14.46 0.796 0.212 0.278

erroneous visual information. The group of older pa-
tients showed differences before and after treatment
for the composite value (p = 0.004) and in the manage-
ment of visual information. Both in the acute stage of
BPPV (the stage before treatment) and after the reso-
lution of BPPV (the stage after treatment), there were
differences between both groups. The group with older
patients had a poorer basal status upon diagnosis, and
after the vertigo episodes were resolved, they had more
instability-related secondary effects than the group of
patients under 70 years of age.

DISCUSSION

Instability and the consequent risk of falls in an elderly
population with BPPV have been widely researched. In
contrast, there are currently only initial and descriptive
postulates on the posturographic repercussion of this
condition, and only one publication ' analysed stabil-
ity limits in the acute stage of the symptoms and after
they were resolved with Static Posturography instead
of Dynamic, as in our case. This study also analysed
the scores in the DHI questionnaire at those two points;
however, our study also included the score from the
FES questionnaire, which is more specific for the risk
of falls, whose prevention is essential in the elderly
population. Additionally, the preexisting study analysed
33 elderly patients and compared the results after the
treatment with the same number of healthy patients,
unlike our study, which compared the findings with a
population of younger patients (under 70 years of age)
in the aforementioned moments of the evolution of
BPPV symptoms, which in our opinion provides greater

reliability to the analysis, greater opportunities to com-
pare it with other studies, and greater clinical impact.
In addition, our study provides a more comprehensive
and representative overview of this condition owing to
the extent of data registered. In this regard, although
several data did not show statistically significant dif-
ferences between both groups, it is worth noting that
the cardiovascular risk factors and comorbidities were
close to being significant, at least clinically, in the popu-
lation above 70 years of age with BPPV.

With regard to the characteristics of BPPV, we ob-
served that in two cases with similar symptoms in the
otoneurological examination (nystagmus with a median
latency of 2 s and a median duration of 10 s in both
cases), a different clinical impact associated with insta-
bility existed. Therefore, a longer median time of evolu-
tion, which is statistically significant was observed in the
elderly population, as well as greater instability before
the treatment, as reported by this population, which is
close to being statistically significant. Therefore, both
age groups showed a significant improvement in vertigo
symptoms and instability after treatment, and the older
population showed significantly greater instability after
treatment, in line with previous studies. Consequently,
a greater number of falls was observed in these older
patients, which was not statistically significant but had
a significant clinical impact, as reported by previously
published studies on the repercussion of falls in terms
of disability and quality of life. This fact was also con-
firmed by the DHI and FES questionnaires, in which pa-
tients over 70 years of age reported a lower degree of
improvement after the resolution of BPPV, which can be
due to greater residual dizziness associated with other
causes of multifactorial instability. Additionally, and in
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light of the results, a greater number of manoeuvres
was required for the resolution of BPPV in the elderly
population.

In contrast, the observed results revealed that it takes
older patients a significantly longer time to be evaluated
by an ENT specialist than younger patients. This can
be because in this subpopulation of patients, instabil-
ity is either not considered significant or is deemed as
a typical age-related condition. In addition, based on
these results, these elderly patients are more likely to be
multi-medicated with anti-vertigo drugs than patients in
cohort A, which may be explained by the longer time it
takes them to be evaluated by an ENT specialist. This
fact has multiple implications for the elderly population
because polypharmacy in elderly patients is associated
with an increase in adverse effects and interactions,
loss of quality of life, and even greater mortality rates.
One hypothesis that could account for the physiopa-
thology of balance problems after BPPV is the presence
of scarce otoconial material in the affected semicircular
canal after BPPV. Another possibility is that there could
be a utricular dysfunction after the episode or even a
residual sympathetic nervous system dysfunction °.
Previous publications have shown worse scores in the
posturographic limits of stability both in the healthy el-
derly population 2" and in that with instability. Although
in this case the only statistically significant differences
were found regarding the lower speed of movement of
this population compared to the control group, which
was also representative of the elderly population, with-
out instability 2> and whose values were taken as a ref-
erence in our study. In light of the results of our study,
we may conclude that the reaction time is similar in
both groups and that this variable significantly improves
in the younger group, while it remains stable in the older
group despite the resolution of the symptoms, with
values that are slightly higher than those of the healthy
older population. In practical terms, we have observed
that younger patients tend to resume their normal ac-
tivities sooner after the resolution of BPPV after stimu-
lation. Conversely, elderly patients still exhibit a longer
reaction time despite the absence of symptoms. With
regard to the movement speed, a clear improvement is
observed for this parameter in cohort A after treatment,
compared to similar values in cohort B before and after
the treatment (in line with the reference values). The
younger population may be more severely affected by
the instability caused by BPPV in the acute stage, prob-
ably because they had not been exposed previously to
permanent or multifactorial instability and are afraid of
it, unlike the elderly population, who already had some
degree of basal instability. Considering the endpoint
and maximum excursions, the only statistically sig-
nificant intragroup differences are found in the younger

population with regard to the maximum excursions,
although the observed significant differences between
both groups for both parameters because the younger
patients could cover a greater distance, highlighting
the residual instability that patients aged > 70 years
continue to experience even after receiving treatment.
Finally, the younger population presents significantly
greater directional control (they move in a straighter line
toward their objective) than the elderly population. In
the group of older patients, this control is lower than
the reference values when they have BPPV, which is
to be expected owing to the instability caused by this
condition in patients over 70 years of age.

With regard to the Sensory Organisation Test, only
few studies have analysed this aspect before and after
treatment. One of the studies that focused on this topic
was conducted by Wu et al. 2%, who concluded that the
defects in the dynamic balance function are a predictive
factor for residual symptoms after successful treatment
of BPPV but not during the acute stage of the symp-
toms. Another example is the study by Assal et al. 4,
who also reported an important role of SOT analysis in
residual dizziness after BPPV treatment. In our study,
based on the results before and after treatment, we
observed that all the parameters in the group of older
patients showed less improvement than in the group
of younger patients, and only the improvement of the
average global balance and the management of visual
information were statistically significant in the group
of older patients. In contrast, it is necessary to take
into account that the group of older patients presented
worse global stability values than the group of younger
patients (composite pre: p < 0.001). After the manoeu-
vres, the group with older patients still presented worse
values for average global balance and management
of vestibular information than the group with younger
patients. Considering our current knowledge on this
issue, these results cannot be explained from a physi-
opathological perspective, because BPPV episodes do
not include a vestibular deficiency that may affect the
levels of management of vestibular information. Further
studies are required in this regard to clarify the reasons
behind this finding.

The strengths of this study include the fact that, al-
though there are previous references in the literature
that discuss balance disorders after an episode of
BPPV, there are few studies that focus on the posturo-
graphic analysis of these episodes before and after
treatment. To date, this is the first study that focuses
particularly on the risk of falls in the elderly population
by analysing the results from the questionnaire created
specifically for that goal (FES). Another strength is the
significant amount of demographic and clinical parame-
ters, which include previous conditions and risk factors
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of the patients included in the study. The main limitation
of this analysis is, apart from the number of patients
included (n = 46), the fact that the follow-up period of
our patients ends with the resolution of the BPPV epi-
sode, and there is no information regarding the param-
eters of the patients weeks or months after the episode
was resolved. Another limitation of the present study is
that the separation between the two groups (< 70 and
> 70) is artificial, because there are no real differences
in relation to age, for example, between a 69-year-old
individual and a 71- year-old one. However, if patients
of an age range (for example, between 60 and 70 years)
had been excluded the sample of patients would have
been even smaller. Another issue that would have been
interesting is the assessment of the basal vestibular
function of the patients, because it is possible that the
group over 70 years, there is a basal vestibular deficit
(related to an eventual presbyvestibulopathy) that could
explain the worse posturographic results, both in terms
of score and less improvement. Therefore, and owing
to these promising results, we will continue to expand
the population sample of both groups to give greater
statistical consistency to the study. It would be inter-
esting to conduct new randomised tests with a longer
follow-up period that will allow us to draw conclusions
regarding the long-term post-treatment instability expe-
rienced by elderly patients with vestibular disorders, to
complement these findings with a third posturographic
analysis several months after the resolution of the BPPV
episode to assess the evolution of the residual dizzi-
ness among the elderly, and to study the possibility to
recovery stability with a slower and more progressive
pace in this population. This would give greater visibility
to the relevance of BPPV and the instability it causes in
this subpopulation of patients, and it would allow us to
implement prevention and early treatment strategies for
this highly prevalent condition.

CONCLUSIONS

BPPV can be associated with residual dizziness that
can be highly limiting, particularly in the elderly popu-
lation, because it involves a higher risk of falls and,
consequently, higher morbidity and mortality rates for
this group of patients. CDP testing plays an important
role in the assessment of residual dizziness in this sub-
population of patients. The LoS test and the SOT can
objectively reveal instability and the risk of falls that have
already been observed in previous studies. Additionally,
these results in CDP could assist in a targeted rehabili-
tation treatment to reduce the risk of falls and conse-
quently improve the quality of life of this population.
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