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Abstract

Background. Among the elderly, instability leading to falls (and consequences of them) is one of the most
important problems. The etiology of falls is usually complex, but balance, posture and gait problems are
considered to be the most important risk factors.

Objectives. The objective of this study was to assess the usefulness of the Sensory Organization Test (SOT)
in differentiating multi-fallers from single-fallers.

Material and methods. The studied group included 92 patients aged >60 years with balance disorders
and falls in their history. The patients were divided into 2 groups: multi-fallers and single-fallers. The control
group (non-fallers) included 21 individuals. The SOT was performed on the 1°tday (SOT1) and on the last day
(SOT2) of rehabilitation. Mean equilibrium score (ES) of 1-3 and 4—6 sensory conditions and composite score
(CS) of the SOT1 and SOT2 were analyzed. The falls were analyzed as a total number of falls while performing
SOT and a number of falls in all 3 repetitions of both conditions 5 and 6 separately. In SOT conditions 1—4
there were no falls observed.

Results. The importance of SOT to differentiate fallers from non-fallers and single-fallers from multi-fallers
is ambiguous.

Conclusions. The SOT may or may notindicate the differences between the groups — it does not fully explain
those differences. It shows only postural dysfunction without indicating any localization in particular part
of vestibular organ. The basic diagnostic evaluation in the elderly with a proneness to falls should include
clinical examination and the Dix-Hallpike maneuver, supplemented with a videonystagmography (VNG),
which would assess the structure of damage in vestibular organ. Posturography is of less validity in the
differentiation of fallers from non-fallers.
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Introduction

Among the elderly, instability leading to falls (and con-
sequences of them) is one of the most important problems.
The etiology of falls is usually complex, but balance, pos-
ture and gait problems are considered the most important
risk factors.'> The age-dependent changes in the balance
system play an important role in the incidence of dizzi-
ness in the elderly; they may be caused by pathological
processes.? Various pathological processes cause damage
to the vestibular organ at any age, both in young people
and the elderly.* Increased prevalence of risk factors that
cause damage to the vestibular organ in the elderly may
result from a greater vulnerability of the ageing vestibular
system, or from a more extended time of exposure to them
in younger people.>* Indeed, as dizziness is reported
by about 20—-30% of the general population,the same ail-
ment is reported by 40% of men and 60% of women at the
age of over 70 years.>®

Among people over the age of 65 years that fall, 15-23%
report an episode of vertigo as the cause of the collapse.®
The relationship between falls and vestibular system dys-
function, however, is ambiguous. The factors that lead to its
complexity are: a variety of dizziness descriptions reported
by patients, the extent of damage in the vestibular system
and vestibular compensation.” Damage to the upper part
of the labyrinth (e.g., after previous vestibular neuritis),
manifested by weakness or absence of a response in caloric
test, initiates the process of degeneration of otolithic organs.
It leads to canalo- or cupulolithiasis, clinically manifested as
benign paroxysmal positional vertigo (BPPV), which is the
most common type of vestibular ailment.® It may occur at
any age, but its incidence in the elderly population is many
times greater than in younger patients,and the peak of those
incidences is between the 5™ and 7" decade of life.®®

Benign paroxysmal positional vertigo can be idiopathic
or secondary to changes in the inner ear and/or the central
nervous system (CNS), and may, therefore, be present inde-
pendently, or as a consequence of the inner ear and/or CNS
diseases.!? In addition to typical dizziness when changing
positions, which may persist for up to 12 weeks, position-
al vertigo can cause long-lasting instability in about 50%
of individuals,or in severe cases, hypersensitivity to almost
any head movement.®~!! Considering that the recurrences
of BPPV concern about 50—-55% of patients, with a recur-
rence rate of approx. 15% per year, it seems likely that more
than half of the patients with BPPV experience prolonged in-
stability even for many months.®!2 Thus, it seems that BPPV
and consequent instability, as an independent pathology or
an effect of previous pathological processes in the vestibular
system (that intensifies even age-related postural control
disorders), should be treated as the most important cause
of imbalance and tendency to falls among the elderly.%!

An important component of therapy and strategies
of preventing falls in patients with vestibular pathology
is the vestibular rehabilitation. Its beneficial effect has
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been shown also in the age-related imbalance.!®* While
effectiveness of reposition maneuvers in the treatment
of BPPV is undeniable, the postural training is recom-
mended in the treatment of instability.!* In older patients,
with a variety of different health problems, postural reha-
bilitation improves the maintenance of balance in more
than 60% of them, decreasing the intensity of symptoms
and reducing disability in everyday life.!®

One of the methods of rehabilitation is postural train-
ing, based on sensory conflicts and conducted on the ba-
sis of computer dynamic posturography (CDP) described
by Nashner.!®* Computer dynamic posturography is rec-
ognized as a useful diagnostic method, evaluating the
sensory and motor skills as well as biomechanical aspects
of balance. Sensory conflicts used in CDP rehabilitation
are similar to those in Sensory Organization Test (SOT),
the most important test in CDP. The SOT indicates the
nature of the deficit in the balance system. It is a com-
monly used test to facilitate the selection of the proper
vestibular rehabilitation method and to assess its effective-
ness. The 6 SOT conditions that progress from the most
stable (eyes open and solid stable platform) to the least
stable (sway-referenced platform and visual screen) allow
for the detection of body sway. With the ability to test the
patient under varying sensory conditions, SOT allows the
assessment of a patient’s ability to use visual, vestibular
and proprioceptive information, and to suppress incorrect
information in order to maintain static balance.l” The SOT
is an method often used for assessing the efficiency of pos-
tural control in different groups of pathology, as well as the
assessment of the effectiveness of rehabilitation carried out
by different methods.!8-2!

In its assumptions, rehabilitation based on sensory con-
flicts strengthens and accelerates the integration processes
in the CNS.!®> A patient learns to suppress irrelevant or er-
roneous information coming from dysfunctional channels
and to focus on stimuli that come from an undisturbed
channel.?? Conducting exercises in varying sensory condi-
tions (e.g., unstable platform, altered visual stimuli) forces
a patient to select the sensory information that is necessary
for the maintenance of static equilibrium, and to generate
appropriate motor responses. The possibility to gradually
increase the difficulty of exercises puts the patient’s balance
against growing challenges and serves to intensify the learn-
ing process. Computer-navigated rehabilitation program
provides visual feedback in real time, which makes it easier
for a patient to understand the essence of the exercises, as
well as to control and correct their performance, and creates
the favorable conditions for “motor learning.” In addition,
it offers the medical personnel a possibility of supervision
and constant monitoring of the treatment progress.?*

The aim of the study was to assess the usefulness of the
SOT as a method that differentiates multi-fallers from
single-fallers. The additional aim was to evaluate the ef-
fectiveness of rehabilitation based on sensory conflicts
in the studied populations.
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Material and methods

As observed in everyday clinical practice and as de-
scribed in the literature, healthy elderly individuals fall,
patients with vestibular pathology fall and patients with
balance problems coming from nonvestibular patholo-
gy also fall.3>*19-12 Therefore, in our material, the fallers
group included patients who presented imbalance and falls
in their medical history, regardless of etiology. The con-
trol group consisted of healthy individuals who described
the state of their balance as appropriate to their age and
without any falls. All subjects included in the study were
people living in their own homes, and independent in basic
life and social activities.

The studied group included 92 patients aged over 60 years
who were referred by their family doctors, otolaryngolo-
gists or neurologists to our otoneurological outpatient unit
due to balance disorders and falls in their medical history.
Based on the number of falls during the last year, the pa-
tients were divided into the 2 following groups: multi-fall-
ers (Multi-F, n = 47) with a mean age of 73.6 years (min 60,
max 80; standard deviation (SD) 6.3), and single-fallers
(Single-F, n = 45) with a mean age of 67.5 years (min 60,
max 80; SD 5.9). The Single-F group included patients
with 1 fall in the medical history and the Multi-F group
included those with 2 or more falls in their history, but
none of them were subjected to vestibular rehabilitation
before this study. In both groups, some patients reported
episodes of acute vertigo in the past over a period of at
least 6 months before the beginning of this study. Outside
the mentioned conditions, each patient from both groups
had to meet the following additional criteria for inclusion
in the study: the ability to move and the lack of serious
conditions in the locomotor system, as well as no serious
conditions in the circulatory system, respiratory system
or CNS that could interfere with everyday rehabilitation
training program.

The control group (Non-F) included 21 individuals
(mean age: 67 years; min 60; max 80; SD 5.8) considered
healthy from an otoneurological point of view. They did
not report imbalance or falls in their history. They were
volunteers interested in their state of health and were re-
cruited from retiree clubs operating within our city.

In each patient, a clinical otoneurological evaluation
was performed, including the Dix-Hallpike maneuver.
The presence of typical nystagmus and/or a sensation
of vertigo, even without coexisting nystagmus, were con-
sidered as an abnormal test result. After the Hallpike ma-
neuver yielded a positive test result, the Semont maneuver
was performed and the patient was scheduled for the next
visit after a week; then again the diagnostic Hallpike ma-
neuver was performed. After finding the Hallpike maneu-
ver yielded a negative result in the next visit or a negative
test result in the 1% visit, the patient was scheduled for the
essential tests of the study that started another week later.
In the case of a positive Hallpike maneuver test result in the
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2™ visit, the whole procedure was repeated. The principle
was that the main research project started 2 weeks after
the Semont maneuver and 1 week after a negative Hallpike
maneuver test result.

A videonystagmography (VNG) using Micromedical
system (Micromedical Technologies Inc., Chatham, USA)
was performed to assess the location of the damage in the
vestibular system. The applied evaluation protocol was
the one routinely used in our neurotological lab and in-
cluded the following: spontaneous, gaze, positional, and
positioning nystagmus test, saccade test, smooth pursuit
eye movements test, optokinetic test, and caloric testing.
To avoid the impact of VNG on CDP results, the VNG
test was carried out 2 days before the start of the essen-
tial study, and after the preliminary SOT examination
(SOTO).

The SOT was conducted using a computer program that
is part of the Smart Equitest system (NeuroCom Interna-
tional Inc., Clacamas, USA). It was performed on the 15*day
(SOT1) and on the last day (SOT2) of rehabilitation.
The SOT and vestibular rehabilitation using sensory
conflicts are very similar. In order to eliminate SOT
learning effect that might influence the effectiveness
of rehabilitation, we conducted a preliminary SOT
2 days before starting rehabilitation and those results
were not analyzed.

The SOT included 6 sensory conditions. The 1% 3 condi-
tions (1-3) (3 trials per condition (Cond.)) were performed
on a stable platform and included: Cond. 1: stable platform,
eyes open, stable visual surrounding; Cond. 2: stable plat-
form, eyes closed; Cond. 3: stable platform, eyes open, mov-
ing visual surrounding with the subject’s anterior-posterior
sway. The next 4—6 conditions (3 trials per condition) were
performed on a moving platform, with the range of its
motion dependent on the patient’s sway: Cond. 4: mov-
ing platform, eyes open; Cond. 5: moving platform, eyes
closed; Cond. 6: moving platform, eyes open, moving visual
surrounding dependent on the patient’s sway. During the
examination patients were protected against falling with
special safety harness.

Analyzed parameters of the SOT were:

— mean equilibrium score (mean ES), which is the av-
erage score of the 3 trials in each of the 6 sensory condi-
tions. Equilibrium score is based on the assumption that
the swing of a healthy person in the anterior-posterior
plane does not exceed 12.5°. The result of balance for
each trial is calculated separately by comparing the an-
gular difference between the maximum sways of the
patients and the sways of a healthy person. The result
is presented as a reversed percentage between 0 and 100
— the result close to 0 indicates the limits of postural
stability and the result close to 100 means almost com-
plete stability that theoretically indicates no anterior-
posterior excursion;

— composite score (CS) is a computer-generated score
of the 6 SOT conditions;
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— loss of balance (LOB) in all 3 trials of each sensory
condition (18 trials).

Mean ES of 1-3 and 4—6 sensory conditions and CS
of the SOT1 and SOT2 were analyzed in all 3 studied
groups (Single-F, Multi-F and Non-F). The falls (LOB)
were analyzed as a total number of falls while perform-
ing SOT and a number of falls in all 3 repetitions of both
Cond. 5 and 6 separately. No falls were observed in SOT
conditions 1-4.

Vestibular rehabilitation based on the CDP was con-
ducted using a computer program Smart Equitest System
(NeuroCom International Inc.). The rehabilitation was
based on daily 30-min sessions performed on weekdays
for 2 weeks (a total of 10 sessions for each patient). Pa-
tients were protected against falling with a special safety
harness. The rehabilitation protocol was the same for all
patients with the difficulty of the task gradually increas-
ing over time. Each rehabilitation session included 1-min
exercises. The degree of exercise difficulty started from
the easiest (20%) and increased gradually to 100% with
20% steps for each next exercise. It was repeated in the
described manner during every rehabilitation session
for the entire period of the treatment. To assess the re-

Results
Sensory Organization Test 1 results

Significant differences were found in Cond. 1-3, Cond.
4-6 and CS between Non-F and Multi-F groups (p < 0.05),
and between Non-F and Single-F groups (p < 0.05) (Table 1).
The results between Single-F and Multi-F groups were
similar in Cond. 1-3 and Cond. 4-6 (p > 0.05); only CS
results were found to be significantly different (p < 0.05).

Rehabilitation effect within every group

The rehabilitation effect showed a significant improve-
ment in Cond. 4—6 and in CS in all analyzed groups
(p < 0.05) (Table 2). Rehabilitation effect did not signif-
icantly change the results in Cond. 1-3 in all analyzed
groups (p > 0.05).

Table 2. Rehabilitation effect within every group (Non-F, Single-F and
Multi-F) in SOT Cond. 1-3, 4-6 and CS

Wilcoxon test (p-value)
Non-F Single-F Multi-F

Analyzed parameter

habilitation effect in each group, SOT1 and SOT2 were Rehab. effect SOT Cond. 1-3 0.0962 00784 07613
compared. To evaluate differences between the groups, Rehab. effect SOT Cond. 4-6 | 0.0030% 0.0000* 0.0000*
the difference between SOT2 and SOT1 in each group Rehab. effect SOT CS 0.0021* 0.0000* 0.0000%

was calculated (SOT2-SOT1) and then compared be-
tween groups.

The project was approved by the local Ethics Committee
Review Board.

Statistical analysis of SOT data was performed using
STATISTICA v. 10 software (StatSoft Inc., Tulsa, USA).
The data were tested for normality, parametric and non-
parametric criteria. To analyze the data, the following tests
were used: Kruskal-Wallis test, Pearson’s x? test and Wil-
coxon test. A p-value <0.05 was considered statistically
significant.

Single-F — single-fallers; Multi-F — multi-fallers; Non-F — non-fallers;
SOT - Sensory Organization Test; Rehab. — rehabilitation;
Cond. - condition; CS — composite score; * significant difference (p < 0.05).

Sensory Organization Test 2 results

Significant differences were found in Cond. 1-3, Cond.
4—6 and in CS between Non-F and Multi-F groups (p < 0.05)
and between Single-F and Multi-F groups (p < 0.05) (Table 1).
Between Non-F and Single-F groups the differences were
significant in Cond. 1-3 (p < 0.05). The results in Cond.
4-6 and CS between those 2 groups were minor.

Table 1. Differences between all analyzed groups (Single-F, Multi-F and Non-F) in SOT1, SOT2 and rehabilitation effect

Kruskal-Wallis test (p-value)

Mann-Whitney U test (p-value)

Analyzed parameter Non-F vs Single-F Non-F Non-F Single-F
vs Multi-F vs Single-F vs Multi-F vs Multi-F

SOT1 Cond. 1-3 0.0022* 0.0013* 0.0018* 0.5739
SOT1 Cond. 4-6 0.0000% 0.0000% 0.0000* 0.0552
SOT1 CS 0.0000% 0.0000* 0.0000% 0.0439%
SOT2 Cond. 1-3 0.0000* 0.0116* 0.0000* 0.0072*
SOT2 Cond. 4-6 0.0000* 01335 0.0000* 0.0016*
SOT2 CS 0.0000% 0.0831 0.0000% 0.0010%
Rehab. effect Cond. 1-3 0.7161 09814 0.5645 0.4559
Rehab. effect Cond. 4-6 0.0402% 0.0075* 0.0607 0.8089
Rehab. effect CS 0.1498 0.0467* 0.1413 0.7471

Single-F - single-fallers; Multi-F — multi-fallers; Non-F — non-fallers; SOT — Sensory Organization Test; Rehab. — rehabilitation; Cond. - condition;

CS - composite score; * significant difference (p < 0.05).
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Number of falls (LOB) in SOT1 and SOT2

The total number of falls (LOB) in SOT1 Cond. 5 and
Cond. 6 as well as the number of falls in all 3 repetitions
of each of those SOT1 conditions were significantly different
between Non-F and Multi-F groups (p < 0.05), and between
Non-F and Single-F groups (p < 0.05). No such differences
were found between Single-F and Multi-F groups (Table 3).

The number of falls was significantly reduced after reha-
bilitation in both SOT?2 conditions (Cond. 5 and 6) in the
Single-F group (p < 0.05), and in Cond. 6 in Multi-F group
(p < 0.05).

Only in SOT2 Cond. 5 LOB results (number of falls)
between Single-F and Multi-F groups were different

Table 3. Differences between all analyzed groups (Single-F, Multi-F and
Non-F) in number of falls and nystagmus

Pearson'’s x? test (p-value)

Analyzed parameter Non-F Non-F Single-F
vs Single-F | vs Multi-F | vs Multi-F
LOB in SOT1 Cond. 5 0.0435* 0.0004* 0.1095
LOBin SOT1 Cond. 6 0.0120* 0.0002* 0.3669
LOBin SOT2 Cond. 5 0.5067 0.1214 0.0311%
LOB in SOT2 Cond. 6 0.4985 0.1660 04246
Gaze nystagmus 0.4912 0.2363 0.3280
Spontaneous nystagmus 0.0274* 0.2299 0.0029*
Positional nystagmus 0.0747 0.0004* 0.0427*

Single-F - single-fallers; Multi-F — multi-fallers; Non-F — non-fallers;
SOT - Sensory Organization Test; LOB — loss of balance; Cond. — condition;
* significant difference (p < 0.05).

(p < 0.05). In all other results (number of falls) of Cond.
5 and Cond. 6 there were minor differences between all
groups (Table 3).

Differences in rehabilitation effect
between the groups

There were no significant differences between Non-F
and Multi-F groups, nor between Single-F and Multi-F
groups. Significant differences were found only in Cond.
4-6 and in CS between Non-F and Single-F groups
(p < 0.05) (Table 1).

Structure of the vestibular
organ damage

The incidence of a spontaneous peripheral and central
gaze, as well as positional and positioning nystagmus
(PPN) is presented in Table 4. The major differences were
found between Non-F and Single-F groups in spontaneous
nystagmus (p < 0.05), between Non-F and Multi-F groups
in positional nystagmus (p < 0.005) and in both those
nystagmus types between Single-F and Multi-F groups
(p < 0.005 and p < 0.05, respectively) (Table 3).

Location of damage
in the vestibular organ

In Single-F group, 34 patients were diagnosed with
peripheral deficits, 2 patients with central deficits and 9
subjects presented normal VNG test results. In Multi-F

Table 4. Structure of the vestibular organ damage in Non-F, Single-F and Multi-F groups (number of patients) — types of nystagmus observed in analyzed patients

Spontaneous
Group
of patients yes
(peripheral)
Non-F 21 - - -
Single-F 44 1 36 9
Multi-F 44 3 41 1

yes
(central)

Positional
yes yes
(peripheral: Nylen type (central:
Il or PPN) Nylen type | or vertical)
7
14 (Nylen Il -1, -
PPN - 6)
26 5
17 (Nylen Il = 15;
PPN - 11) (Nylen1-2)
30 8
9 (Nylen Il -7, (Nylen |- 14;
PPN - 23) Vertical - 4)

Single-F — single-fallers; Multi-F — multi fallers; Non-F — non-fallers; PPN — positional and positioning nystagmus.

Table 5. Location of damage in the vestibular organ in Single-F and Multi-F groups (number of patients)

Peripheral
Group v
of patients | ot compensated compensated compensate
+PPN
Single-F 15 8 6
Multi-F 7 7 9

normal central central Central Normal
+ PPN + peripheral + PPN

5 - - 2 9

12 4 2 2 4

Single-F - single-fallers; Multi-F — multi-fallers; PPN — positional and positioning nystagmus.
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group, 35 patients were diagnosed with peripheral deficits,
2 patients with central deficits, 4 with mixed deficits, and
4 subjects presented normal VNG test results (Table 5).

Discussion

Our results indicated that neither the balance results
in Cond. 1-3 and Cond. 4-6, nor the number of falls
in Cond. 5 and 6 differentiated Single-F group from Multi-F
group. Only CS results were significantly different between
those 2 groups. However, the SOT did differentiate Non-F
group from the other 2 groups (fallers groups). Whitney
et al. also found no significant differences in CS between
the Single-F and Multi-F results, but the results between
Non-F and Single-Multi-F groups were also significantly
different.?> However, in their study, Non-F were a non-fall-
ing group with vestibular pathology present. In our study,
Non-F group consisted of healthy individuals (seniors) with
no report of falls and no balance problems in their his-
tory. Contrary to Whitney et al., in our study, neither the
total number of LOB in SOT1 Cond. 5 and Cond. 6, nor
the a number of LOB in all 3 repetitions of each of those
SOT1 conditions differentiated Single-F group from
Multi-F group.?® The cause might be probably the similar
structure of damage in the vestibular organ in both groups
(peripheral damage in 75% of Single-F patients and in 74%
of Multi-F patients), despite the significant age difference
between them. Wallmann showed significant differences
in CS between fallers and non-fallers.2® However, those
authors did not disclose the structure of the groups: how
many individuals suffered from peripheral vestibular or-
gan damage, and how many from central vestibular organ
damage, which could be the basis to explain the differences
between the groups.

Butaois et al. performed the SOT in a group of healthy
people over the age of 65 years and divided them into
3 groups: Non-F, Single-F and Multi-F.?” These groups
were similar in age. The authors found worse outcomes
of Cond. 2 and R*™ (patient’s ability to use inputs from
somatosensory system to maintain balance; it is deter-
mined by dividing performance in Cond. 2 by performance
in Cond. 1) results in Multi-F group than in Single-F and
Non-F groups, and the factor that differentiated Single-F
and Non-F groups was the number of LOB in the 3™ repeti-
tion of Cond. 6. Girardi et al. in their study did not show
any significance of the SOT as a method for differentiat-
ing fallers from non-fallers among vestibular pathology
patients.?® However, they conducted their research on the
Balance Track System that contains only 4 out of 6 SOT
conditions. The authors demonstrated that the test with
the most prognostic importance was limits of stability
(LOS) test rather than the SOT.

Baloh et al. evaluated the sway velocity using Chattecx
Balance System in the elderly with and without balance
problems.?’ They found a significantly greater sway velocity
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in patients with impaired balance than in the control group,
and in those who presented the fear of falling, compared
to those who did not reported such fears. However, the
authors did not find any major differences in tests results
neither between fallers and non-fallers, nor among those
who fell as a result of loss of balance, those falling as a result
of tripping or slipping and those who did not fall at all.

In our study, we expected the results between Non-F and
Multi-F groups to be different. We did not expect relevant
or significant differences between Non-F and Single-F
groups, given that the Single-F group consisted mostly
of patients with peripheral vestibular pathology (only 2 pa-
tients were diagnosed with central deficit), that the in those
patients loses its vestibular pattern after a couple of weeks
and that both groups were similar in age.*’ In Non-F group,
6 cases of PPN and 1 case of Nylen type II nystagmus were
found; however, those subjects did not report any balance
disorders or dizziness. This may suggest that even among
elderly healthy, asymptomatic individuals, the VNG tests
show some symptoms of disorders in the vestibular system.
On the other hand, this confirms the opinion of Norre
et al. that some people with pure PPN can present a normal
posturographic test result.3!

In our study, statistically significant differences in the
SOT results between Non-F group and both groups of fall-
ers, and no significant differences between Single-F and
Multi-F groups occurred probably due to the structure
of the 2 groups and the type of damage in the vestibu-
lar organ. As mentioned before, patients with peripheral
impairment of vestibular organ formed a dominant and
almost equal number in both groups of fallers. In addi-
tion, both groups presented similar number of patients
with positional nystagmus typical for peripheral damage.

Due to a different compensation pattern of vestibulo-
ocular reflex (VOR) and vestibulo-spinal reflex (VSR) that
progresses in different ways, even in the case of compen-
sated peripheral deficit, the vestibulo-spinal compensa-
tion might not take place.” Therefore, the patients with
peripheral deficit may present instability, independently
of the level of VOR compensation.?! Despite the opinion
that patients with a central vestibular deficit show more
abnormal gait than patients with peripheral damage, our
observations indicate that patients with central damage
often present less instability than patients with uncom-
pensated peripheral damage, as shown in our previous
study.3>33 Despite the fact that the SOT was performed
at least 2 weeks after the Semont maneuver, another rea-
son for the increased body sway while standing on stable
platform among our study of both fallers groups might
be BPPV. Many authors have demonstrated greater sway
on a stable platform, both in the frontal and sagittal plane,
in patients with BPPV than in the healthy subjects, along
with long-term instability, even after resolution of the typi-
cal positional vertigo.!** Giacomini et al. demonstrated
that Epley maneuver causes the normalization of body
sway only in the frontal plane, whereas in the sagittal plane,
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body sway did not undergo normalization until a period
of 12 weeks.!! Stambolieva and Angov found that patients
with a short history of BPPV presented visual dependence,
which in these cases has been the source of acute sensory
conflict, causing a significant increase in body sway with
eyes open, which was not noted among patients with long
duration of BPPV.?* The authors also showed that the dura-
tion of symptoms also determines the effect of reposition
maneuver. In patients with a short history of BPPV, the
reposition maneuver caused a significant decrease in body
sway in both planes while standing on a platform with
eyes open. However, with eyes closed, the decrease was
observed only in frontal plane.

Theories about the mechanism of long-term instability
after the reposition maneuver are varied. Giacomini et al.
showed that the presence of otoliths within the posterior
semi-circular canal causes disorders similar to proprio-
ceptive ones, which temporarily alter the VSR, resulting
in long-term increase of body sway in the sagittal plane.!!
Stambolieva and Angov did not exclude the presence of re-
sidual otoliths that modified the dynamics of an affected
semicircular canal, but the authors’ study about smaller
spectral density in the low frequency range of the spec-
trum confirmed the hypothesis that the alteration of the
otolithic functions might be due to some unequal loading
of the utricular macula.?*3° This means that as long as
the Epley maneuver causes only the resolution of typical
vertigo and decrease of body sway in the frontal plane, the
resolution of long-term instability as a consequence of im-
paired dynamics in the semi-circular canal and damaged
utricle requires stimulation of other sensory systems and
central postural adaptation mechanisms. Thus, those pa-
tients after the Epley maneuver should be referred to pos-
tural training.!

In our study, rehabilitation based on sensory conflicts
significantly improved results in SOT2 Cond. 4-6 and
CS in all studied groups. In SOT2 Cond. 1-3, there was
no substantial improvement. Significant differences were
found between Non-F and Multi-F groups and between
Single-F and Multi-F groups in all SOT2 conditions and in
CS. Itis interesting that the significant differences in SOT2
between Non-F and Single-F groups concerned only the
equilibrium results in Cond. 1-3, probably because both
groups improved results in these conditions by almost the
same amount, which still makes the results significantly
different between the 2 groups, as in the SOT1. The lack
of significant differences between Non-F and Single-F
groups in SOT2 Cond. 4—6 and in CS indicates that pa-
tients in Single-F group improved their SOT performance
in Cond. 4-6 due to rehabilitation and approached the
results of Non-F group, which contributed to the improve-
ment of the overall result of the CS and, therefore, no sig-
nificant differences in these parameters (SOT2 Cond. 4—6
and CS) between these groups were found.

It appears that the significant differences in all SOT2
conditions and in CS between Single-F and Multi-F groups
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might be due to several factors: 1) a significant difference
in age between the 2 groups; 2) more patients with BPPV
in Multi-F group, which does not diminish easily with
short time rehabilitation; and/or 3) more patients with
central and mixed disorders in Multi-F group, because
people with those deficits benefit less from vestibular reha-
bilitation than those with peripheral deficit.3¢ The analysis
of LOB in Cond. 5 and 6 in both SOT1 and SOT2 confirms
those assumptions. While in SOT1 the number of LOB
in Cond. 5 and 6 did not differentiate those 2 groups,
in SOT?2 significant differences were found in Cond. 5
in all its 3 trials. This demonstrates that in Multi-F group,
the patients did not present any learning effect within the
trial, were not able to use residual information from the
vestibular system and their adaptation process to repeated
stimuli was interfered.?’

The rehabilitation effect was evaluated in all studied
groups. A more distinct effect was expected in Multi-F
and Single-F groups than in Non-F group, due to the
vestibular organ pathology documented in these groups.
However, no significant differences in the effect of reha-
bilitation was found between Non-F and Multi-F groups
in all SOT conditions and CS, which only confirms the
low adaptive capacity in Multi-F group. The effect of re-
habilitation between Single-F and Multi-F groups also
did not differ significantly. Significantly different results,
however, were found between Non-F and Single-F groups
in terms of Cond. 4—6 and in CS. After an initial elimina-
tion of learning effect, patients in Single-F group achieved
an improvement in Cond. 4—6 that exceeded the learning
effect according to the suggestions of Ford-Smith et al., but
only by 3 points; however, this improvement contributed
to the improvement of the overall result of the CS.38

It is not known, however, whether the improved perfor-
mance in SOT2 Cond. 4-6 and in CS in Single-F group
is actually the result of rehabilitation or further learn-
ing effect. Sensory conflicts used during rehabilitation
are similar to those used in the SOT. Since Wrisley et al.
showed the effect of learning in SOT results in a group
of young healthy people, the interpretation of SOT re-
sults, after completed rehabilitation based on sensory
conflicts, must take into account the impact of learning
effect on the final result of the test.3° Taking into account
the large number of patients with peripheral vestibular
deficit in Single-F group in our study, the mentioned bet-
ter results of the SOT after rehabilitation may be partly
due to the progress of compensation started by vestibular
rehabilitation itself, and partly due to the further learning
effect. Another important factor is forced motor activity
in these patients resulting from the need to report daily
for vestibular rehabilitation conducted in our depart-
ment. On the other hand, the small effect of rehabilita-
tion and the short duration of its conduct led us to the
assumption that improved results of SOT2 Cond. 4-6
and CS in Single-F group might be caused mainly by the
further learning effect.
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In our study, both the results of SOT1 (Cond. 1-3 and
4-6) and LOB (in Cond. 5 and 6) did not differentiate
Single-F group from Multi-F group, probably due to the
similarity of the structure and the contribution of pe-
ripheral vestibular deficit and/or BPPV in both groups.
The factor that showed the differences between the groups
was rehabilitation. It revealed different results in all SOT2
conditions, CS and change in LOB in Cond. 5, indicating
lower adaptive capacity in Multi-F group than in Single-F
group. This may be the result of reverse changes in the
vestibular organ, depending on the age and the presence
of mixed and central deficits in Multi-F group.

In conclusion, the results of this study and the results
of other authors suggest that the importance of the SOT
to differentiate fallers from non-fallers and single-fallers
from multi-fallers is ambiguous, which results from a di-
versity of groups, study inclusion criteria and research
methodology applied. It might be hypothesized that dif-
ferent results can be expected even when testing groups
that have the same type of pathology (i.e., vestibular organ
pathology) because it is difficult to collect patients with
an identical degree and extent of damage, the same dura-
tion of symptoms and identical degree of vestibular com-
pensation and central adaptation. The SOT may indicate
the differences between the groups, but it does not fully
explain those differences — it only shows postural dysfunc-
tion without indicating its localization in particular part
of vestibular organ. Moreover, the principal disadvantage
of the SOT and CDP is that body sway measurements are
restricted to the anterior-posterior direction. This may
be crucial for patients with peripheral vestibular pathol-
ogy, when interpreting their tests results to distinguish
between fallers and non-fallers.*® We believe that the basic
standard diagnostic evaluation in the elderly with a prone-
ness to falls should include medical history and clinical
examination supplemented by the Hallpike maneuver and
VNG. The SOT for the differentiation of fallers and non-
fallers does not provide any valid information.
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