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ABSTRACT

Objective: Balance is impaired in postmenopausal osteoporosis. Balance can be assessed with
several tests and balance assessment systems. In our study, we investigated validity of Koreba-
lance Balance System (KBS).

Method: 52 postmenopausal osteoporotic patient evaluated with balance tests (Berg Balance
Scale (BBS) and Time Up& Go Test (TUG)) and Korebalance Balance System. KBS is a balance eva-
luation and exercise system. The higher the score, the greater the deterioration in the balance.
Static and dynamic balance evaluation results are recorded as score values. KBS, BBS and TUG
compared with demographic and clinic parameters (age, 250HVvitD, menopausal age, fall history
in last year, fracture history).

Results: According to Pearson r correlation analysis, Korebalance Dynamic Test (KDT) and BBS
had moderately negative correlation (r=-.38, p<.01), KDT and TUG had moderately positive cor-
relation (r=-.42, p<.01). According to Spearman rho correlation analysis, Korebalance Static Test
(KST) and BBS had moderately negative correlation (r=-.30, p<.05). Age and KST (r=.33, p<.05),
age and KDT (r=.31, p<.05) had moderately positive correlation. No significant correlation was
found with other parameters. In discriminant validity, there was no correlation between other
nonfunctional demographic and clinical parameters.

Conclusion: Korebalance Balance System was found to be a convenient assessment tool with
moderate convergent validity compared with BBS and TUG and has an excellent intraclass cor-
relation.
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Amac: Postmenopozal osteoporoz hastalarinda denge bozulmustur. Denge cesitli test ve denge
sistemleri ile degerlendiriimektedir. Calismamizda Korebalance Denge Sistemi© ve denge testle-
ri ile hastalarimizi degerlendirip Korebalance Denge Sistemi’nin gecerligini arastirdik.

Yontem: 52 postmenopozal osteoporoz hastasi denge testleri (Berg Denge Testi (BDT) ve Za-
manli Kalk&YiiriiTesti (ZKY)) ve Korebalance Denge Sistemi ile degerlendirildi. Korebalance Den-
ge Sistemi bir denge degerlendirme ve egzersiz sistemidir. Skor degeri ne kadar artarsa denge-
deki bozulma da ayni oranda artmaktadir. Statik ve dinamik denge degerlendirme sonuclari skor
degeri olarak kaydedilmektedir. Calismamizda Korebalance Denge Sistemi, BDT ve ZKY testleri
ile ve demografik ve klinik diger parametrelerle (yas, 250HvitD dlizeyi, menopoz yasi, son 1 yil
icinde diisme, kirik 8ykiisti) karsilastirilmistir.

Bulgular: 52 postmenopozal osteoporotik hastanin yas ortalamasi 65,48+9,11, ortalama BKI
26,97+5,06, ortalama menopoz yasi 46,09+5,57 ve ortalama 250HVvitD dliizeyi 23,84+12,43
idli. Pearson r korelasyon analizine gére Korebalance dinamik testi BDT ile orta derecede negatif
korelasyona (r=-.38, p<.01), ZKY testi ile orta derecede pozitif korelasyona (r=-.42, p<.01) sa-
hipti. Spearman rho korelasyon analizine gére Korebalance statik denge testi BDT ile orta dere-
cede negatif korelasyona sahipti (r=-.30, p<.05). Yas ile korebalance statik test (r=.33, p<.05) ve
dinamik test (r=.31, p<.05) orta derecede korele bulundu. Diger parametreler ile anlamli iliski
saptanamadl. Diskriminant gecerlilikte, bakilan diger fonksiyonel olmayan demografik ve klinik
parametrelerle korelasyon saptanmadl. Sinif ici korelasyon analizine gére Korebalance statik test
(.987) ile dinamik test (.965) miikemmel sinif ici korelasyona sahipti.

Sonug: Korebalance Denge Sistemi, Berg Denge Testi ve ZKY ile kiyaslandiginda orta derecede
konverjan gecerlilik gbsteren, iyi sinif ici korelasyona sahip bir denge degerlendirme araci olarak
bulunmustur.

Anahtar kelimeler: Denge, osteoporoz, postmenopozal osteoporoz
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INTRODUCTION

Balance is defined as the ability to maintain the
center of gravity of an individual within the base
of support through postural adjustments at rest
and during activity. Both static and dynamic bal-
ance are impaired as a result of impaired postural
control in the elderly individuals'. Balance distur-
bances have also been shown by several studies
in postmenopausal osteoporosis?3. Balance can
be assessed using a number of tests and balance
systems.

With the advances in technology, various balance
evaluation systems have been introduced in addi-
tion to the current balance assessment. Examples
of balance assessment systems include posturog-
raphy, computerized balance trainers, Korebal-
ance® systems and three-dimensional systems.
Although these systems are referred to by differ-
ent names, their working mechanisms are very
similar. They all have built-in features that allow
acquisition and recording of data based on body
sways tested under static and dynamic conditions
on a balance platform?®.

Figure 1. Korebalance Balance System
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The Korebalance® System is a computerized bal-
ance and exercise system offering a high-tech way
for balance assessment (Figure 1). It has a variable
air pressure bladder system and a tilt sensor (sol-
id-state accelerometer) underneath the platform
to track movements 360 degrees horizontal and
20 degrees vertical. The software of the system
issues a score following static and dynamic bal-
ance assessments (Figure 2 and 3). Higher scores
indicate greater impairment of balance.

While the Korebalance® System has been used in
clinical settings, its validity and reliability have not
been yet demonstrated. In the present study, we
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Figure 2. Korebalance Static Balance Test
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Figure 3. Korebalance Dynamic Balance Test
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evaluated the patients using the Korebalance®
System and other balance tests (Berg Balance
Scale, Timed Up & Go Test) with the aim to inves-
tigate the validity and reliability of the Korebal-
ance® System.

MATERIALS and METHODS

This study was approved by the Istanbul Medeni-
yet University Goztepe Training and Research
Hospital, Clinical Studies Ethics Committee,
on 27 June 2018, with a registration number of
2018/0236. All patients signed written informed
consent before participating in the study.

Fifty-three patients with postmenopausal osteo-
porosis were evaluated using balance tests in-
cluding the Berg Balance Scale (BBS), Timed Up &
Go Test (TUG) and the Korebalance Premiere-19
Balance System (Figure 1). Patients with any mus-
culoskeletal, neurological or orthopedic problem
that could interfere with static or dynamic balance
test, prior surgery (within the last 6 months), his-
tory of psychiatric disorder and patients with vi-
sual or hearing impairments were excluded.

Berg Balance Scale (BBS)

This is a scale designed to measure balance of
older adults. Of the 14 items, standing with a
decreased base of support, rising from sitting to
standing position, standing with feet in tandem
position and standing on one foot are used to mea-
sure the ability to maintain postural control during
challenging tasks. Other items (transfer between
positions, reaching forward with outstretched
arm, turning to look behind and receiving object
from floor) measure the ability to perform spe-
cific tasks. Each item is scored on a 5-point scale,
ranging from O to 4 points. “0” indicates the low-
est level of function and “4” is the highest level
of function. The total score ranges between O and
56 points. Scores are interpreted as follows: 41-
56=low risk for falling, 21-40=medium risk for
falling, 0-20=high risk for falling. A cut-off score
of 45/56 has been identified for safe and indepen-

dent ambulation®®.

Timed Up & Go Test (TUG)

The aim of the test is to determine the risk of fall-
ing and to measure the progress of balance, from
sitting to standing and walking. At the beginning,
the patient is in seated position, than stands up
upon the therapist’s command, walks 3 meters,
turns around, walks back to the chair and sits
down. The chronometer is stopped as the patient
sits. The patient is allowed to use an assistive de-
vice (documented if used). If an older person takes
longer than 12 seconds to complete the test, he
or she is classified as at high risk of falling’.

Korebalance Static Balance Test

The Korebalance Premiere-19 device and software
were used for balance assessment. The static test
requires standing steady and balancing on the
platform, keeping the crosshairs of the cursor in
the center of the test pattern. The score indicates
the deviation of the user’s center of gravity from
the center of the pattern (Figure 2). The higher
score is associated with the worse balance.

Korebalance Dynamic Balance Test

The Korebalance Premiere-19 device and software
were used for assessment of dynamic balance.
The dynamic test involves a moving cursor that
the user “follows”. The cursor forms a circle pat-
tern in clockwise direction (Figure 3). The higher
score is associated with the worse balance.

In the present study, the Korebalance® Balance
System was compared with BBS and TUG test in
relation to demographic and other clinical param-
eters (age, body mass index [BMI], 25-hydroxyvi-
tamin D (250H-vitD) status, menopausal age, his-
tory of falls in the previous year, history of fracture
and maternal history of fracture). Korebalance
Balance System tests were repeated 10 minutes
apart by 2 investigators.

Statistical Analysis
All statistical analyses were performed using
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the SPSS Statistics Version 25.0 software pack-
age (IBM, Chicago, IL, USA). Descriptive statis-
tics were presented as meanz+standard deviation
and minimum-maximum values for continuous
variables and frequency (percentage) for cat-
egorical variables. For the analysis of differences
among groups, the independent t-test was used
for the data that followed a normal distribution
and Mann-Whitney U test for the data with a non-
normal distribution. Pearson r correlation analy-
sis was used to test the correlation between two
variables if normality assumptions were met and
Spearman Rho correlation analysis, if not. Pearson
r or Spearman Rho correlation analyses were con-
ducted to explore relations among the results of
Korebalance static and dynamic tests and other
balance tests (Berg Balance Scale and Timed Up
& Go Test). Intraclass correlation coefficient analy-
sis was used for Korebalance static and dynamic
test results of 2 investigators. For all analyses, the
level of statistical significance was set at 0.05.

RESULTS

The patients with postmenopausal osteoporosis
(n=53) had amean age of 65.48+9.11 years, mean
BMI of 26.97+5.06 kg/m?, mean menopausal age
of 46.09+5.57 years and mean 250HyvitD level of
23.84+12.43 (ng/mL). Of 53 patients, 22 (41.5%)
had a history of fracture, 16 had a history of falls
in the previous year (30.2%) and 17 (32.1%) had a
maternal history of fracture. The results of all bal-
ance tests are provided in Table 1.

Pearson r correlation analysis showed that Kore-
balance dynamic test had a moderate negative
correlation with BBS (r=-0.38, p=0.005) and a
moderate positive correlation with TUG (r=-0.42,
p=0.002). Based on Spearman Rho correlation
analysis, Korebalance static balance had a mod-
erate negative correlation with BBS (r=-0.30,
p=0.029) (Table 2).

According to intraclass correlation analysis, Kore-
balance static test (.987) and dynamic test (.965)
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Table 1. Balance test results.

Balance Tests MeanzSD Min.-Max

Korebalance Static Test 494.91+345.55 80-1254
Korebalance Dynamic Test 3802.87+909.68 1554-5598
Berg Balance Scale 51.34+4.60 39-56
Timed Up & Go Test 9.71+2.18 4.75-16.65

Table 2. Pearson r correlation analysis.

Korebalance Korebalance
Dynamic Test Static Test
Balance Tests r p rho P

Berg Balance Scale ~ -0.38* <0.01** -0.30° <0.05*
Timed Up & Go Test 0.42*  <0.01**

aPearson r. "Spearman rho. *Significance level of the correlati-
on is 0.05. **Significance level of the correlation is 0.01.

Table 3. Intraclass correlation coefficient analysis for Ko-
rebalance static test.

95% Confidence Interval

Intraclass Lower Upper

Correlation® Bound Bound
Single Measures 974 955 .985
Average Measures .987 977 .992

Two-way mixed effects model where people effects are ran-
dom and measures effects are fixed.

2Type C intraclass correlation coefficients using a consistency
definition. The between-measure variance is excluded from
the denominator variance.

Table 4. Intraclass correlation coefficient analysis for Ko-
rebalance dynamic test.

95% Confidence Interval

Intraclass Lower Upper

Correlation* Bound Bound
Single Measures ~ .932 .885 .960
Average Measures .965 939 .980

Two-way mixed effects model where people effects are ran-
dom and measures effects are fixed.

“Type C intraclass correlation coefficients using a consistency
definition. The between-measure variance is excluded from
the denominator variance.

have excellent intraclass correlation coefficients
(Table 3 and 4).

Relations between Korebalance balance test re-
sults and patient age, 250H-vitD level and meno-
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Table 5. Independent t-test and Mann-Whitney U test data.

Korebalance Dynamic Test

Korebalance Dynamic Test

n Mean=SD

t P Mean=SD t P

History of fracture
Yes 22

No 31
History of falls in the previous year

Yes 16

No 37

3777.41+974.67 0.17 0.87
3820.94+876.68

3798.81+645.43 0.02 0.98
3804.62+1010.80

565.91+346.04 257.00 0.13
444.52+341.80

514.69+400.85 290.00 0.91
486.35+324.46

*The difference is significant at 0.05 level.

pausal age were investigated. Patient age was
moderately correlated with Korebalance static
test (r=0.33, p<0.025) and dynamic test (r=0.31,
p<0.005). Any significant correlation were not
found between Korebalance balance tests and
other parameters (Table 5).

DISCUSSION

Falls and resulting fractures are the major cause
of disability in osteoporotic patients. Balance im-
pairment is one of the well-known causes of falls
in the elderly people®®.

Tinetti et al.'® reported that the frequency of
falls increases with advancing age but only 44%
of falls are related to environmental factors, and
impaired postural balance and reduced lower ex-
tremity muscle strength account for the major-
ity of the falls not associated with environmental
factors. One study showed that the group with
a history of fall had significantly lower scores on
the Berg Balance Scale compared to the group
without history of falls and higher quality of life
scores were observed in the latter group''. Thus,
control of postural balance decreases with age
and is associated with an increased frequency of
falls. In our patient sample, Korebalance static and
dynamic balance tests were correlated with age.
Therefore, assessment of balance in patients with
postmenopausal osteoporosis is important.

Several tests are utilized for the assessment of
balance. The BBS and TUG are commonly used
to evaluate balance in patients with osteoporosis.

With the recent advances in technology, various
systems have been developed that provide both
balance assessment and balance training. While
these systems are commonly used in clinical set-
tings, few studies have been conducted so far to
evaluate their utility. Korebalance® Balance Sys-
tem is a combined balance assessment and exer-
cise system.

The BBS and TUG are reliable and validated
tests for which good correlations have been
demonstrated'? '3, In the present study, Korebal-
ance Static and Dynamic test results were corre-
lated with BBS and TUG results. In our study, the
men time for TUG test of the patients was 9.71
seconds which was compatible with the results of
other studies'*!>.

Vitamin D insufficiency is associated with reduced
proximal muscle strength particularly in lower ex-
tremities and results in an increased number of
falls. However, there are studies that have report-
ed contradictory results on the relation between
vitamin D and balance. In some of the studies, no
association was found between vitamin D status
and balance'®!”. Consistently, there is no signifi-
cant correlations between vitamin D level and bal-
ance tests in our study. Nevertheless, some stud-
ies in the literature demonstrated the presence of
a significant association between vitamin D status
and balance!®'°,

The rates of falls and related fractures were high in

our patient group. Falls are also prevalent among
community dwelling older adults. In the older
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people living in the society over 65 years old, one
out of every 3 people falls every year and approx-
imately 10% of falls result in fractures®. In the
current study, dynamic or static balance was not
significantly correlated with the history of fracture
and falls in the previous year. Osteoporosis itself
is a major risk factor for falls and fractures?'. Also,
there are many known risk factors for falls and
fractures. Falls and fractures in our patients may
have occurred due to reasons other than balance
impairment including arthrosis, vision problems
and depression which are all common among el-
derly population.

We conducted a literature search and could not
find any study involving Korebalance® System.
According to our knowledge, this is the first study
to test the validity of this system. One of the limi-
tations of this study is ite small sample size. In
addition, although inter-observer reliability of Ko-
rebalance® System was found high, temporal reli-
ability could not be investigated since test-retest
reliability analyses could not be performed. Fur-
ther studies on the reliability and validity of this
system involving a greater patient sample are
needed to corroborate our findings.

CONCLUSION

As a balance assessment tool, Korebalance Bal-
ance System showed a moderate level of reliabil-
ity and convergent validity compared with the
Berg Balance Scale and Timed Up & Go Test with
an excellent intraclass correlation values.
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