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ABSTRACT Objective: The aim of this study was to examine the
Berg Balance Scale, Timed Up and Go Test, Functional Reach Test in
individuals with stroke and to compare the distinctive sensitivity and
specificity of these scales and tests for falling and non-falling indivi-
duals. Material and Methods: The 83 stroke individuals participated
in the study. The balance level and risk of falling were evaluated with
Berg Balance Scale, Timed Up and Go Test and Functional Reach Test.
To evaluate the differentiation of Berg Balance Scale, Timed up and
Go Test and Functional Reach Test between falling and non-falling in-
dividuals with stroke, receiver operating characteristic analysis was
used and the area under the curve was calculated. Results: According
to the history of falling, we compared values of the Berg Balance Scale,
Timed up and Go Test, and Functional Reach Test. It was seen that the
individuals with the history of falling had lower Berg Balance Scale
and Functional Reach Test values and higher the Timed Up and Go Test
score (p<0.05). The clinical cut-off points for the Berg Balance Scale,
Timed up and Go Test, Functional Reach Test was calculated as 45.5
points (area under the curve=0.731), 15.22 sec (area under the
curve=0.707), 22.25 cm (area under the curve=0.714), respectively.
Conclusion: As a result of this study, it was found that all tests identi-
fied individuals who fell and did not fall; however, the Berg Balance
Scale was more sensitive in determining the risk of falling. Our results
are important in terms of showing reference values for clinicians wor-
king in neurological rehabilitation.

Anahtar Kelimeler: Stroke; postural balance; falling; cut-off point

OZET Amag: Calismamizin amaci, inmeli bireylerde Berg Denge
Olgegi, Zamanl Kalk ve Yiirii Testi, Fonksiyonel Uzanma Testi’ni in-
celemek ve bu dlgek ve testlerin, diisen ve diismeyen bireyler i¢in ayirt
edici duyarliligini ve 6zgiilligiini karsilagtirmaktir. Gere¢ ve Yon-
temler: Calismaya, 83 inmeli hasta katildi. Denge seviyesi ve diisme
riski Berg Denge Olgegi, Zamanl Kalk ve Yiirii Testi ve Fonksiyonel
Uzanma Testi ile degerlendirildi. Berg Denge Olgegi, Zamanli Kalk ve
Yiird Testi, Fonksiyonel Uzanma Testinin, inmeli hastalarda diisen ve
diismeyen hastalar1 ayirt ediciligini degerlendirmek amaciyla alict
isletim karakteristigi egrisi analizi yapildi ve egri altinda kalan alan
hesaplandi. Bulgular: Berg Denge Olgegi, Zamanl Kalk ve Yiirii Testi,
Fonksiyonel Uzanma Testi degerlerini diisme Oykiisiine gore
karsilastirdigimizda, diisme Oykiisii olan bireylerin daha diisiik Berg
Denge Olgegi ve Fonksiyonel Uzanma Testi degerlerine sahip olduklari
ve Zamanl Kalk ve Yiirii Testi siirelerinin daha yiiksek oldugu goriildii
(p<0,05). Berg Denge Olgegi, Zamanli Kalk ve Yiirii Testi, Fonksiy-
onel Uzanma Testi i¢in klinik kesme noktasi sirastyla 45,5 puan (egri
altinda kalan alan=0,731), 15,22 sn (egri altinda kalan alan=0,707),
22,25 cm (egri altinda kalan alan=0,714) olarak belirlendi. Sonu¢: Bu
¢alismanin sonucunda tiim testlerin diisen ve diismeyen bireyleri
belirledigi, ancak Berg Denge Olgeginin diisme riskini belirlemede
daha hassas oldugu bulundu. Sonuglarimiz, nérolojik rehabilitasyon
alaninda calisan klinisyenlere referans degerleri gostermesi agisindan
6nemlidir.

Keywords: inme; postiiral denge; diisme; kesme puan

Stroke causes disability, and one of the most
common complications of stroke is falling. It was re-
ported in previous studies that 50-70% of individu-
als with stroke fall particularly after discharge, and

the falling has negative effects on the results of the
rehabilitation and functional recovery.!?> Therefore,
preventing falls is one of the important targets of
stroke rehabilitation. Decreased motor function, im-

Correspondence: Saniye AYDOGAN ARSLAN
Department of Physiotherapy and Rehabilitation, Kirikkale University Faculty of Health Sciences, Kirikkale, TURKEY/TURKIYE
E-mail: fztsaniye1982@gmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Health Sciences.
Received: 14 Aug 2020 Received in revised form: 19 Oct 2020 Accepted: 22 Oct 2020

2536-4391 / Copyright © 2021 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

508

Available online: 09 Feb 2021


https://orcid.org/0000-0001-7225-5123
https://orcid.org/0000-0001-5819-9380
https://orcid.org/0000-0001-5300-6391
https://orcid.org/0000-0002-8786-7496
https://orcid.org/0000-0001-5470-9849
https://creativecommons.org/licenses/by-nc-nd/4.0/

Saniye AYDOGAN ARSLAN et al.

Turkiye Klinikleri J Health Sci. 2021;6(3):508-14

paired balance, visual-spatial problems, decreased
senses, gait disorders, fear of falls, and cognitive
function are among the risk factors for falling.*-

Hyndman et al. reported that balance function is
an important factor for predicting falls in stroke pa-
tients.® Accordingly, it is important to evaluate the re-
active and proactive balance function in individuals
with stroke in the clinic in predicting the risk of
falling.” Various proactive balance and functional mo-
bility tests and scales were used in the literature to
determine the fall risk in individuals with stroke;
however, the results are conflicting. Berg Balance
Scale (BBS), Functional Reach Test (FRT), and
Timed Up and Go (TUG) Test are among the most
commonly used tools to evaluate proactive balance
and functional mobility in individuals with stroke.!°
Although there is no gold standard among these
methods; the important thing is that the scales and
tests that will be used are practical, valid and reliable,
sensitive and specific.® The psychometric properties
of BBS were investigated in many disease groups,
and is frequently used in neurological diseases.®®!!
The TUG Test is a simple test that was developed by
Podsiadlo and Richardson used to evaluate functional
mobility. The high intra-rater and inter-rater reliabil-
ity of this test in stroke patients was proven.'"!> In ad-
dition, a number of different studies reported that the
TUG Test is sensitive and specific in predicting
falls.” Although the FRT, which is used to determine
the risk of falling and evaluate dynamic balance, was
designed to evaluate functional mobility in the eld-
erly population; less studies were conducted about
the use of FRT in individuals with stroke than other
scales. Smith et al. concluded that FRT was a fast and
easy-to-use balance test and was associated with BBS
in acute and subacute strokes. In another study, it was
found that FRT allocates individuals who fall and
who do not fall in chronic stroke individuals.”'* There
are differences in the literature regarding the cut-off
point of the BBS and TUG Test as in the FRT cut-off
point. Also, the number of studies in the literature is
less regarding which scale better determines the risk
of falling in individuals with stroke.

Therefore, the aim of this study was to examine
the BBS, TUG, FRT in individuals with stroke and to
compare the distinctive sensitivity and specificity of
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these scales and tests for falling and non-falling indi-
viduals.

I MATERIAL AND METHODS

This study was a cross-sectional study and was car-
ried out between April 2020 and August 2020. The
individuals, who were diagnosed with ischemic or he-
morrhagic stroke by a specialist physician, who were
able to walk 10 m independently with or without sup-
port, over the age of 18, were included in the present
study. The socio-demographic and clinical data of in-
dividuals (i.e. age, body mass index, dominant hand,
affected side, stroke type, and history of falling) were
recorded. The individuals who fell twice or more in
the last year were recorded as fallers. The study was
approved by Non-Interventional Ethics Committee of
Kirikkale University (Decision no: 2020.03.03; Date:
2020.03.04). Informed consent forms were obtained
from all participating individuals. The study was car-
ried out in accordance with the Helsinki Declaration
principles. The power of the study was determined
by post-hoc power analysis. G¥Power program (ver-
sion 3.0.10 Universitdt Diisseldorf, Diisseldorf, Ger-
many) was also used. In the post-hoc power analysis,
when the statistical significance of alpha was found to
be 5% and the confidence interval was taken as 95%,
the power (1-B) of the study was found to be 96%.
Primer outcome was determined as BBS.

Individuals with Mini Mental Test score were
<24, those with other neurological or muscu-
loskeletal problems that would affect functionality
and balance other than stroke, and those with
contraindications for advanced cardiovascular disease
and mobilization were not included in the study. The
balance level and risk of falling were evaluated with
BBS, TUG, and FRT.

BERG BALANCE SCALE

BBS is a scale that is designed to evaluate the bal-
ance quantitatively and determine the risk of falling.
BBS consists of 14 items. Each item is scored be-
tween 0-4 depending on the ability of the patient to
meet the specific time and distance requirements of
the test. According to the scores received from this
test, the cases are divided into groups as “high risk of
falling (0-20 points)”, “moderate risk of falling (21-
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40 points)”, “low risk of falling (41-56 points)”, and
it is accepted that the highest score of 56 shows the
best balance. The validity and reliability of BBS were
examined in stroke patients.'> The standard error of
measurement and the smallest real differences of
BBS were calculated as 2.4 and 6.7, respectively.!®

TIMED UP AND GO TEST

TUG was used to evaluate the balance and risk of
falling of patients. A standard chair was used for the
test. Firstly, the patient was asked to sit on the chair
by leaning on it. Then, the patient was asked to stand
up and walk regularly at a distance of 3 meters, and
to return at the end of 3 meters, and sit in the chair
again. The walking time of the patient during the test
was recorded in seconds. The test was repeated 3
times, and the mean value was recorded.’ The ab-
solute and relative minimal detectable change at the
95% confidence interval for TUG were shown 8 sec-
onds and 28%.!”

FUNCTIONAL REACH TEST

FRT was used to functionally measure the both bal-
ance and the amount of dynamic reach of the individ-
ual. A measuring tape was glued to the wall when the
patient was standing on the edge of a wall on the pa-
tient’s shoulder level. Firstly, the patient was asked to
make fist with his/her hand, and extend arm straight
forward, and the distance reached at the third metacar-
pophalangeal joint level was recorded. Then the pa-
tient was asked to extend as far as s/he could before
s’/he stood up from the ground. The maximum value
without losing balance, reaching and going back to
old position was measured. The measurements were
repeated 3 times, and the average of these three values
was recorded. Validity and reliability study of FRT
was performed in individuals with stroke.’

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS
Statistics V23.0 (IBM Corp, Armonk, NY, USA). The
fitness of the variables to the normal distribution was
tested with the Kolmogorov-Smirnov test. All nu-
merical variables were expressed as arithmetic
mean=+standard deviation. The relationship between
BBS, TUG and FRT was evaluated by Spearman cor-
relation test. The Spearman correlation coefficient

510

values were interpreted in the following way; very
high 0.90-1.00, high: 0.70-0.90, moderate 0.50-0.70,
low 0.30-0.50, and negligible 0.00-0.30. The receiver
operating characteristic (ROC) curve is a graphical
representation of the relationship between sensitivity
and specificity. With the help of curves, the best
threshold value for a test can be determined and the
most suitable model can be decided. Therefore, ROC
curve was used to determine the cut-off scores for
significant predictors of risk of falling according to
history of falling. The Youden index (sensitivity + [1
- specificity]) was calculated and the largest Youden
index was chosen to determine the cut-off score. Also
the area under the curve (AUC) is calculated. An
AUC value of 0.50 did not show sensitivity, and a
value of 1.00 represented excellent sensitivity and
specificity.'® The statistical level of significance was
determined as p<0.05.

I RESULTS

This study included a total of 83 individuals with
stroke (age 62.03+10.28 years, post stroke
16.64+27.62 month) in the study. The sociodemo-
graphic and clinical data of the individuals are shown
in Table 1.

When the correlations between the BBS, TUG,
FRT values were examined, a high relationship was
found between the BBS and TUG (rho=0.706,
p=0.001), and a moderate relationship between FRT
and TUG (rho=0.500, p=0.001) and BBS (rho=0.671,
p=0.001).

The clinical cut-off point for the BBS, TUG, FRT
was determined as 45.5 points (AUC=0.731; 72% sen-
sitivity and 62% specificity), 15.22 sec (AUC=0.707;
72% sensitivity and 49% specificity), 22.25 cm
(AUC=0.714; 72% sensitivity and 62% specificity),
respectively (Table 2). It was also found that the BBS,
TUG and FRT were statistically significant at moder-
ate level accuracy (Figure 1, Figure 2, Figure 3).

I DISCUSSION

As aresult of our study, it was shown that BBS, TUG,
and FRT allocates individuals who had risk of falling
and who did not fall in individuals with stroke, and
are good markers for determining the falls. The BBS



Saniye AYDOGAN ARSLAN et al.

Turkiye Klinikleri J Health Sci. 2021;6(3):508-14

TABLE 1: The demographic and clinical variables of the
participants (n=83).

Variable Values
Gender
Female, n (%) 22 (26.5)
Male, n (%) 61(73.5)
Age (years), mean+SD 62.03+10.28
BMI (kg/m?), median (minimum-maximum) 26.39 (15.56-48.83)
Stroke duration (month), median (minimum-maximum) 4 (1-84)
Stroke etiology, n (%)
Hemorrhagic 21(25.3)
Ischemic 62 (74.7)
Stage, n (%)
Subacute 44 (853)
Chronic 39 (47)
Dominant hand, n (%)
Right 68 (81.9
Left 15(18.1)
Affected side of the body, n (%)
Right 41 (49.4)
Left 42 (50.06)
History of falling, n (%)
Nonfallers 47 (56.6)
Fallers 36 (43.6)
BBS score, median (minimum-maximum) 45 (7-56)
TUG (second), median (minimum-maximum) 18 (5.39-90)
FRT (cm), mean+SD 21.4249.13

SD: Standard Deviation; BMI: Body Mass index; BBS: Berg Balance Scale; TUG: Timed
Up and Go Test; FRT: Functional Reach Test.

TABLE 2: The area under the curve, sensitivity, and specificity
of Berg balance scale, timed up and go test,
and functional reach test.

Variable AUC Sensitivity (%)  Specificity (%) p value
BBS (score) 0.731 72.0 62.0 0.001*
TUG(sec) 0.707 72.0 49.0 0.001*
FRT (cm) 0.714 72.0 62.0 0.001*

p<0.05; AUC: Area Under the Curve; BBS: Berg Balance Scale; TUG: Timed Up and Go
Test; FRT: Functional Reach Test.

is the most commonly used test among the balance
scales in the literature. The predictive values of BBS
were investigated in different populations in many
studies, and different cut-off and AUC values were
reported for each population. In a study on chronic
obstructive pulmonary disease patients, the BBS cut-
off value was reported as 52.5 with 73% sensitivity
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and 77% specificity; and the AUC value was reported
to be 0.84 (95% CI1=0.72-0.96).'° In another study
with older individuals, the BBS scale had 95.5% sen-
sitivity and 95.5% specificity, and it was observed
that the AUC value was 0.96.%° In studies on individ-
uals with stroke, different values were reported. Ac-
cording to the history of the falling in the study
conducted by Maeda et al., it was found that the BBS
cut-off value was 31 with an accuracy of 81.1%.?' In
another study, it was reported that there was a corre-
lation between the number of falls in stroke patients
and the BBS score, the BBS score was useful in pre-
dicting falling, and that the falls increased when BBS
fell below 44 points.”? In the study conducted by
Tsang et al., the cut-off value of the BBS in chronic
stroke individuals was 50.5% with 52% specificity
and 80.2% accuracy, and the AUC value was 0.72
(95% C1=0.61-0.83).% In the study comparing two
clinical scales that evaluated the balance, Madhavan
et al. reported that BBS had a cut-off value of 47.5
with 81% sensitivity and 56% specificity, and the
AUC value was 0.67.**In an other study, Sahin et al.
examined different balance scales in the Turkish pop-
ulation, and showed with ROC analysis that the cut
off value of BSS was 46.5 with 75% sensitivity and
76.9% specificity, and the AUC value had moderate
accuracy (AUC=0.81).” As a result of our study, BBS
cut-off and AUC values were found to be 45.5 points
and 0.731, respectively.

TUG is a test of functional mobility and fall in
the elderly, and is used widely in the clinic.'” It is also
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FIGURE 1: Receiver operating characteristic curve for Berg Balance Scale.
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FIGURE 2: Receiver operating characteristic curve for Timed Up and Go Test.

frequently used to assess the dynamic balance of pa-
tients in neurological rehabilitation. The psychomet-
ric properties of TUG were investigated in many
studies, and different cut-off values were re-
ported.!”?*?7 In their study, Alghadir et al. reported
that TUG and BBS had excellent intra-rater reliabil-
ity.2 TUG cut-off value was reported to be between
12.6-15.3 in studies conducted in older individuals.?®
31 A study on multiple sclerosis patients reported that
TUG cut-off value validated individuals falling by
51%, and individuals who did not fall by 37%, with
a cut-off value of 19.34 sec (70% sensitivity at and
43% specificity), and that BBS cut-off value was
44%.%* The cut-off value for TUG in stroke patients
is not clearly known. Different values were reported
in previous studies.!®!3 Pinto et al. reported the accu-
racy as 25 sec 66% with optimum cut-off point of
36%, sensitivity of 90%, specificity as -25 sec. An et
al. conducted a study with individuals with chronic
stroke, and reported the cut-off value of TUG as
14.87 sec, and the AUC value as 0.871 (95%
CI=0.797-0.945) based on the level of Independent
Community Ambulation.'”!* In another study of
chronic stroke individuals according to the history of
falling, it was also found that TUG had a cut-off of
60.9% sensitivity and 67.01% specificity as 19 sec,
and AUC=0.66 (95% CI=0.53-0.80).>* As a result of
our study, the cut-off value of TUG was calculated as
0.707 with 15.22 sec AUC. FRT was designed to de-
tect balance disorder in older individuals and the
changes in balance performance over time. In recent
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FIGURE 3: Receiver operating characteristic curve for Functional Reach Test.

years, it has also been used to determine the risk of
balance and fall in neurological diseases. However,
compared to BBS and TUG, the psychometric analy-
sis studies are less common in the literature. Alenazi
et al. showed that there was a relation between FRT
and the number of falls in chronic stroke individuals,
and the number of falls increased as the FRT value
decreased, and argued that this was indicative of
weak balance.’ The FRT cut-off value was reported to
be 18.15 in this study. In another study, the FRT cut-
off was with 52% sensitivity and 74% specificity at
24.1 cm according to the history of falling in chronic
stroke individuals, and AUC=0.67 (95% CI=0.55-
0.79).* As a result of the present study, the cut-off
and AUC values of FRT were 22.25 cm and 0.707,
respectively.

In the present study, the sensitivity and speci-
ficity of the scale and tests used frequently in the
clinic were examined separately according to the his-
tory of falling. In terms of AUC value, it was found
that BBS, FRT and TUG had a moderate specificity,
but BBS had the highest value. When the sensitivity
and specificity of these methods were compared, the
test with the highest specificity was BBS. The test
with the highest sensitivity was FRT. When the prop-
erties of the tests were considered, all of them evalu-
ate the dynamic balance, but BBS additionally
evaluates static balance. The fact that BBS is func-
tional balance scale including functional reach and
TUG explains the high AUC value, including many
functions.
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I CONCLUSION

As a result of the present study, it was found that all
tests identified the individuals who had fallen and who
had not; however, BBS had a higher AUC value in de-
termining the risk of falling than other tests. Our results
are important in terms of showing reference values for
clinicians working in neurological rehabilitation.

I LIMITATIONS

The low number of sample is one of the limitation of
the present study. A healthy control group was not
added to our study. In future studies, psychometric
properties of these scales and tests can be compared
with a control group. Subacute and chronic individu-
als who could walk independently were included in
our study. Studies are needed to verify the ability of
these balance tests in determining the risk of falling,
comparing larger number of sample and results in dif-
ferent phase. In addition, generalization can be made
by comparing the results with objective measurement
methods evaluating the balance and postural control
like Biodex or posturography.
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