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SUMMARY

Objectives: To evaluate patients with obstructive sleep apnea syndrome (OSAS) for fall risk and postural stability using the Biodex
Balance System.

Methods: The study involved the examination of 95 individuals. Twenty-five of these individuals were healthy controls (13 male, 12
female) whose apnea hypopnea index (AHI) was below 5. In addition, 35 of them were patients with mild OSAS (17 male, 18 female); and
35 of them were patients with moderate-severe OSAS (19 male, 16 female). OSAS patients and healthy controls were examined for postural
stability and fall risk using the Biodex Balance System.

Results: No statistically significant difference was observed between groups regarding sex, age, height, weight, Overall Stability Index,
Antero-Posterior Stability Index, or Medio-Lateral Stability Index (p>0.05). The mean body mass index (BMI) in the control group did not
show a significant difference in comparison to the mild OSAS or moderate-severe OSAS groups (p>0.05). Interestingly, the mean BMI of
the mild OSAS group (27.11£2.35 kg/m2) was lower compared to the moderate-severe OSAS group (28.72+2.98 kg/m2) (p=0.039).
Furthermore, a significant difference was observed between the groups for Fall Risk Index (FRI) (p<0.001). The moderate-severe OSAS
group had a significantly higher FRI compared to both the mild OSAS group and the control group (p=0.044, p<0.001, respectively).

Conclusion: Postural instability and fall risk in patients with severe OSAS that engage in activities that require attention-balance can be
assessed using the Biodex Balance System.
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OBSTRUKTIF UYKU APNESi OLAN HASTALARDA POSTURAL DENGE VE DUSME RiSKIiNiN
DEGERLENDIRILMES]

OZET

Giris: Biodeks Denge Sistemini kullanarak obstriiktif uyku apneli hastalarda postural dengenin ve diigme riskinin (Postural Stability and
Fall Risk) degerlendirilmesidir.

Yontem ve Geregler: Calismaya 95 birey dahil edildi. Bireylerin 25'1 AHI'si 5 in altinda olan saglikli kontrol grubundan (13 erkek, 12
kadin ), 35’1 hafif dereceli OUAS 'Ii hastalardan (17 erkek, 18 kadin), 35" de orta -agir OUAS'I' hastalardan (19 erkek,16 kadin)
olusmaktaydi. OUAS 'li hastalar ve saglikli kontrol grubu bireyler denge ve diisme riski agisindan test edildi. Denge ve diisme riski Biodex
Denge Sistemi ile degerlendirildi.

Bulgular: Gruplarin cinsiyet, yas, boy, kilo, Genel Stabilite indeksi (GSI), Antero-Posterior Stabilite Indeksi (APSI) ve Medio-Lateral
Stabilite Indeksi (MLSI) arasinda karsilastirma yapildiginda istatistiksel olarak anlamh bir farklihk saptanmadi (p>0,05). Kontrol grubu ile
hafif OUAS ve orta- agir OUAS gruplarimin VK1 ortalamalari arasinda anlamli bir fark saptanmaz iken (p>0,05) hafif OUAS grubunun VKI
ortalamasi (27,11+2,35) orta-agir agir OUAS grubunun VKI ortalamasindan (28,72+2,98) anlaml1 derecede daha diisiiktii (p=0,039). Gruplar
Diisme Riski indeksine (DRI) gore karsilastirildiginda gruplar arasinda istatistiksel olarak anlamli bir farkilik saptandi (p<0,001). Orta-agir
OUAS grubunun ortalama Diisme Riski Indeksi, hafif OUAS grubunun ortalama Diisme Riski Indeksi ve kontrol grubunun ortalama Diisme
Riski Indeksi degerinden istatistiksel olarak anlamh derecede daha biiyiiktii. (sirayla p=0,044; p<0,001).

Sonug: Ozellikle agir derecede obstriiktif uyku apnesi olan ve dikkat-denge gerektiren aktiviler gerceklestiren hastalardaki dengesizlik
ve diisme riski Biodeks Denge Sistemi ile belirlenebilir.

Anahtar Sozciikler: Biodeks denge sistemi, denge bozuklugu, diisme riski, obstriiktif uyku apnesi sendromu

INTRODUCTION

Obstructive sleep apnea syndrome (OSAS), a OSAS has been linked to several symptoms such as
sleep disorder that affects adults, has been described snoring, fatigue, concentration or memory lapses, and
by sleep-associated collapse of the upper airway. excessive daytime sleepiness, and cardiopulmonary
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desaturation/resaturation in OSAS has been shown to
elicit inflammatory components, oxidative damage,
and endothelium dysregulation. Multiple reports have
shown that vasa nervorum damage caused by
insufficient oxygenation may result in damage
peripheral nerves and the central nervous system .

Recent studies have reported an association
between OSAS and idiopathic dizziness ***"*.
Interestingly, vestibular nuclei have been shown to be
more sensitive to hypoxia than other cerebral nuclei °.
Furthermore, the functional consequences associated
with vestibular nuclei changes may be an important
index of abnormal respiratory nuclei activity ®.

Postural balance control is a complex motor
ability that requires flexibility in addition to
organization of sensory inputs. Environmental
components influencing balance include vestibular,
somatosensorial and visual systems, and inputs, all of
which are united in the central nervous system to
determine numerous appropriate muscular responses
for controlling body position and posture on a
supporting base. Maintenance of postural stability
requires an intact neuromuscular system, an effective
motor response, and adequate supporting muscle
power to restore balance when it is disturbed '*'"'2,

Weak muscles, vertigo-dizziness, visual
problems, drug side effects, and environmental
factors are the main causes for falls. Patients with
OSAS, particularly with a moderate-severe degree,
have significant risks in their daily life that require
attention. For assessment of fall risk, dynamic tests
are more efficient than static tests. Therefore, it has
been advised that dynamic tests (Biodex Balance
System) that are appropriate for locomotor tasks
should also be performed during assessment of
postural stability *'*'.

As a laboratory assessment method for
postural stability, the Biodex Balance System (BBS)
has been described for its reliability in assessing
dynamic postural stability in healthy and visually-
impaired  individuals  (Intraclass  Correlation
Coefficient (ICC) ranges from 0.59 to 0.95) 7.

The goal of this report was to evaluate the
fall risk and postural stability OSAS patients
diagnosed clinically and with polysomnography
using the BBS.

MATERIAL and METHODS
1. Subjects

The study included 95 individuals. Of these
patients, 46 (48.4%) were female, and 49 (51.6%)
were male. Twenty-five (13 males, 12 females)
individuals with an apnea hypopnea index (AHI)
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below 5 constituted the healthy control group; 35 (17
males, 18 females) patients constituted mild OSAS
group; and 35 (19 males, 16 females) patients
constituted moderate-severe OSAS group.

Informed consent is in accordance with the
study protocol, approved by the ethics committee of
Gaziosmanpasa Medical Faculty (12-KAEK-126)

The study exclusion criteria were the
presence of a disease that may cause central or
peripheral vertigo such as chronic neurological
disease, Meniere's disease, perilymph fistula, chronic
middle ear infection and migraine, alcohol or
substance abuse or use of any drugs that can impair
balance, and presence of a chronic disease (rheumatic
diseases, muscular diseases, malignancy, hepatitis,
and hypertension).

2. Study design

Fall risk and postural stability was assessed
using the Biodex Balance System [(BBS) Biodex
Inc., New York]. The BBS comprises of a mobile
balance platform controlled by a computer software
that allows up to 20° tilt of the surface, which enables
objective evaluation of balance. Overall Stability
Index (OSI), Antero-Posterior Stability Index (APSI),
Medio-Lateral Stability Index (MLSI), and Fall Risk
Index (FRI) can be assessed by using this system.
High scores from these tests mean impaired balance
and increased fall risk. The tests were performed by
identifying the coordination of subjects were standing
on two bare feet on the platform, while knees were
slightly flexed (10-15°), taking the most appropriate
position for maintaining balance, and when eyes were
open. All participants were informed about the tests
and the rules that he/she must obey during the test.
For postural stability and fall risk, three tests were
performed, and each lasted for about 20 seconds. The
participants' weight, height, GSI, APSI, MLSI, and
FRI data were evaluated.

3. Statistical analysis

Data analysis was performed using SPSS
22.0 (IBM Corporation, New York, United States)
software. Normality assessment was made using
Shapiro-Wilk test, and a Levene test was used to test
the variance homogeneity. Comparison of more than
two groups for numerical data was made using a one-
way ANOVA test for parametric data, and a Sidak test
was used for post hoc analysis. For non-parametric
data, the Kruskal Wallis H Test Monte Carlo
simulation analysis was performed, while a Dun's test
was used for post hoc analysis.
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Statistical analyses were performed within
95% confidence level, and a p-value of less than 0.05
was accepted as significant.

RESULTS

The mean patient age was 43.71+9.00 years,
the maximum age was 62 years, and the minimum
age was 21 years.

The mean body mass index (BMI) of the
control group was not significantly different from the
mild OSAS group and severe OSAS group (p>0.05).
However, the mean BMI of the mild OSAS group
(27.11£2.35 kg/m2) was significantly lower in
comparison to the severe OSAS group (28.724+2.98
kg/m2) (p=0.039).
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There was no statistically significant

difference between the groups regarding distribution
of sex, age, height, weight, Overall Stability Index
(OSI), Antero-Posterior Stability Index (APSI), and
Medio-Lateral Stability Index (MLSI) (p>0.05)
(Table 1).

There was a statistically significant
difference between the groups when compared for
Fall Risk Index (FRI) (p<0.001) (Figure 1). The
mean FRI of moderate-severe OSAS group was
significantly higher compared to both the mild OSAS
group and the control group (p=0.044 and p<0.001,
respectively).

Table 1: The evaluation of control, mild OSAS, and severe OSAS groups according to sex, age, height, weight,
BMI, AHI, general stability index, anterior posterior stability index, medio-lateral stability index, and fall risk.
Regarding comparison of the groups in terms of Fall Risk Index (FRI), there was a statistically significant
difference between the groups (p<0.001). The mean FRI in the moderate-severe OSAS group was significantly

higher compared to the mild OSAS group and the control group (p=0.044 and p<0.001, respectively).

Moderate-Severe

Control=I Mild OSAS=I1 OSAS=III Total P Value Pairwaise Comparation
(n=25) (n=35) (n=35) (n=95) I-1I -0 XI-IX
Gender (%) n(%) (%) n(%)
Female 12 (48.0) 18 (51.4) 16 (45.7) 46 (48.4) 0.965 ns ns ns
Male 13 (52.0) 17 (48.6) 19 (54.3) 49 (51.6)
Mean+SD. Mean£SD. Mean=SD. Mean+SD.
Age 45.20+8.08 44.66+8.24 41.69+10.15 43.71£9.00 0.243 ns ns ns
Height 166.88+6.55 167.26+6.76 167.00£6.19 167.06:6.43 0.973 ns ns ns
Weight 76.76+9.85 75.9749.12 80.14+9.88 77.7249.68 0.168 ns ns ns
i’lf;eyXMass 27.5042.60 27.1142.35 28.7242.98 27.802.73 0.037 0922 0233  0.039
Med. (Max. / Min.) Med. (Max. / Min.) Med. (Max. / Min.) Med. (Max. / Min.)
Apnea
hipopnea Index 2(8/0.2) 9.5(15/5.1) 36 (105 /15) 11.6 (105/0.2) <0.001 <0.001 <0.001 <0.001
General
Stability Index 0.6(1.2/0.2) 0.5(3.2/0.3) 0.5(3.2/0.2) 0.5(3.2/0.2) 0.873 ns ns ns
Antero-
Posterior 0.4 (0.8/0.2) 0.4(2.7/0.2) 0.4(2.9/0.1) 0.4(2.9/0.1) 0.709 ns ns ns
Stability Index
Medio-Lateral 0.3 (0.8/0.1) 0.2(1.6/0.1) 0.2(0.8/0.1) 0.2(1.6/0.1) 0277 s ns ns
Stability Index = S SRR S AE T SR :
Fall Risk Index 1.5(2.4/0.4) 1.8(5/0.4) 2.3(6.6/0.9) 2(6.6/0.4) <0.001 0217 <0.001 0.044

Pearson Chi Square Test (Monte Carlo) / Oneway ANOVA Test Post Hoc Test: Sidak / Kruskal Wallis Test (Monte Carlo) Post Hoc Test : Dunn's Test/ SD.:Standard Deviation

- Med.:Median -

Max.:Maximum

- Min.:Minumum

- ns:Not Significant
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Figure 1: Comparison of control, mild OSAS, and moderate-severe OSAS groups based on their fall risk.

DISCUSSION

In patients with OSAS, hypoxia-induced
impairment of peripheral and central vestibular has
been documented for its association with dizziness
and vertigo. The cardiovascular and neurological
complications caused by hypoxia in OSAS has been
well characterized. However, the consequences that
arise from neurological damage have not been clearly
defined ®.

The functional consequences associated with
vestibular nuclei changes may be an important index
of abnormal respiratory nuclei activity. Interestingly,
vestibular nuclei damage has been revealed
previously by observing any changes in the slow and
rapid eye movements °.

Experimental OSAS studies in rats have
shown that severe OSAS may affect the nervous
system by inducing neural loss in the nucleus
ambiguus *.

Periodic  ischemia/reperfusion  that is
associated with OSAS results causes many
complications including inflammation, endothelial
dysfunction, and  oxidative  stress.  These
complications can further affect the sympathetic and
parasympathetic nervous systems, hematopoiesis, and
coagulation. Early in ischemia damage, mechanisms
to protect peripheral neuropathy are triggered, but
become inadequate and neuropathy prevails in
chronic hypoxemia "*'°.

It is reported that the postural instability
causes the impaired balance and this condition is also
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related to the increased risk of falling. Although there
are many factors affecting fall risk such as walking
problems, loss of muscular activity, and drugs, there
is a strong relation between postural instability and
increased risk of falls. Falling phobia restricts many
activities. This condition can lead to a decrease in
quality of life 2",

The BBS was introduced in 1999, and is a
reliable method for the assessment of fall risk and
postural stability in various diseases. Several studies
have used BBS to evaluate fall risk and postural
stability in ankylosing spondylitis and rheumatoid
arthritis patients 2°?'*2. These patients have been
shown to have increased fall risk. In our study,
Although postural stability indexes of moderate-
severe OSAS group, OSI, APSI, and MLSI were
higher than the control group, we did not detect any
statistically significant impairment in the postural
stability tests of patients with OSAS. However, we
found that The FRI  was  statistically
significant.increased in patients with moderate-severe
OSAS. It can be said that it indicates there is a
predisposition to a impairment balance.

Multiple reports have evaluated the
relationship between vertigo-dizziness and OSAS
with contradicting results ******% It was shown
that sleep deprivation in humans can cause
disturbances in the posterior parietal cortex, which is
known for its role in the processing of vestibular
information and mediation of vestibulo-ocular reflex
(VOR) .
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Vestibular dysfunction has been shown to be
more pronounced in moderate-severe OSAS patients
in comparison to patients with mild OSAS **.

Sensitivity of the posterior labyrinth to a
hypoxic state was proven with caloric stimulation
tests and showed changes in the vestibular reflex.
Patients with severe OSAS had worse results in this
test. Considering the sensitivity of the posterior
labyrinth to a hypoxic state and the anatomical
proximity of these two centers, it has been proposed
that functional disturbances in the vestibular nucleus
is an indicator of abnormal activity in the respiratory
nucleus ®.

On the other hand, Gallina et al. ® reported
that the peripheral vestibular system became
asymmetric due to hypoxic injury and the peripheral
vestibular imbalance was corrected because central
vestibular system was more resistant to hypoxic
states.

Hypoxic injury in brain stem centers can lead
to  neurophysiological changes and further
deterioration in sleep apnea due to injury in the
respiratory centers ‘

In order to assess brain stem injury in
experimental OSAS studies, data from
immunohistochemical techniques, magnetic
resonance spectroscopy, and audiological tests such
as au7dzi6t0ry brain stem responses (ABR) have been
used "7.

Miceralli et al. ° showed important

impairments in VOR and classical posturographic
parameters in patients with OSAS. The mean oxygen
saturation has been proposed as a reliable clinical
parameter, which indicates progressive disturbance in
VOR and vestibulo-spinal reflex.

Mutlu et al. * detected abnormalities in brain
stem pathways via VEMP recordings in patients with
OSAS, and reported that cervical VEMP recordings
can be used to detect brain stem damage in severe
OSAS.

To our knowledge, no study in the literature
has used the BBS to examine fall risk and postural
stability in patients with OSAS. In this research, An
important limitation was the absence of other
vestibular tests (posturography,
videonistagmography, VEMP, etc).

In the present study, we detected increased
fall risk using BBS in patients with severe OSAS.
Further studies investigating postural instability and
fall risk in patients with OSAS using the BBS
together with other vestibular tests are needed. In
conclusion, it can be concluded that the BBS can
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contribute in preventing falls (occupational accidents)
caused by dizziness in patients with severe OSAS.
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