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ÖZ

Girifl: Bu çal›flman›n amac›, 65 yafl üstü bireylerde posturografik düflme riski ile klinik denge
testleri aras›nda iliflki olup olmad›¤›n› de¤erlendirmek ve posturografik düflme indeksinin ay›rt
edici kapasitesini belirlemekti. 

Gereç ve Yöntem: Çal›flmaya, 65 yafl üstü 220 kifli al›nd›. Kat›l›mc›lar›n denge ve düflme riski;
posturografik düflme riski ve Berg denge testi (BDT), fonksiyonel mobilitesi; Zamanl› Kalk-Yürü
Testi (ZKYT), alt ekstremite nöromuskuler fonksiyonu; sandalyeye otur kalk testi (SOKT) ve yaflam
kalitesi; K›sa Form-36 (KF-36) kullan›larak de¤erlendirildi. Hastalar son bir y›l içindeki düflme
öyküsüne göre; düflenler ve düflmeyenler olmak üzere, iki gruba ayr›ld›. 

Bulgular: Çal›flmaya al›nan bireylerin 78’inde (%35,5)  düflme öyküsü varken 142’inde
(%64,5), düflme öyküsü yoktu. Düflme öyküsü olanlar›n yafl, posturografik düflme riski, ve ZKYT
skorlar› düflme öyküsü olmayanlara göre istatistiksel olarak anlaml› derecede yüksek iken, KF-36
yaflam kalitesinin baz› alt grup skorlar›, BDT skoru ve SOKT ortalama say›s› ise düflüktü (p<0,05).
Posturografik düflme riski ile BDT (r=-0.84) ve SOKT (r=-0.40) aras›nda negatif korelasyon, ZKYT
(r=0.67) ile pozitif korelasyon saptand› (p<0,05). Posturografik düflme riski ile düflme öyküsü
aras›ndaki uyuma bak›ld›¤›nda ROC e¤risi alt›nda kalan alan 0,818 idi. Bu çal›flmada, cut-off
de¤eri 51 ve üzeri al›nd›¤›nda en yüksek Youden indeks skoru 0,508 ile sensitivite %76,9 ve spe-
sifite %73,9 olarak saptand›. 

Sonuç: Düflme öyküsü olanlar›n denge, fonksiyonel mobilite, alt ekstremite nöromusküler
fonksiyon ve yaflam kalitelerinin düflme öyküsü olmayanlara göre daha kötü oldu¤u gösterilmifltir.
Çal›flmada ayr›ca posturografik düflme riskinin klinik denge testleri ile anlaml› olarak iliflkili
oldu¤unu ve düflenleri belirlemede iyi ay›rt edici kapasitesi sergiledi¤i gösterilmifltir.

Anahtar Sözcükler: Yafll›; Postural denge; Düflme.

ABSTRACT

Introduction: The aim of this study was to determine whether there is an association
between fall risk measured posturographically and clinical balance tests among people who are
over 65 years of age, and to identify the discriminative ability of the posturographic fall risk index.

Materials and Methods: Two hundred and twenty participants who were over 65 years of
age were included in the study. The balance and fall risk of participants were assessed with the
Berg balance scale (BBS) and a posturography device; functional mobility with the Timed Up and
Go (TUG) test; lower extremity neuromuscular function with the Chair Stand test (CST) and qual-
ity of life with the Short Form-36 (SF-36). Participants were grouped into two, as fallers and non-
fallers, on the basis of the past year’s fall history.

Results: A total of 78 participant (35.5%) had a history of falling, while 142 (64.5%) of the
subjects did not. Age, TUG and posturographic fall risk index of fallers were significantly higher
than for nonfallers, whilst some subgroups of the SF-36, BBS and mean CST scores were lower
(p<0.05). There were negative correlations between posturographic fall risk and the BBS (r=-0.84)
and CST (r=-0.40) yet a positive correlation with the TUG (r=0.67) (p<0.05). Using the agreement
between the posturographic fall risk index and history of falls, the area under the ROC curve was
0.818.  In this study, when the cut-off value 51≤ was used, sensitivity was found to be 76.9% and
specificity was 73.9%, with a higher value for the Youden index: 0.508. 

Conclusion: It was shown that fallers had poorer balance, functional mobility, lower extrem-
ity neuromuscular function and quality of life than nonfallers. The study also demonstrated that
posturographically obtained fall risk was significantly correlated with clinical balance tests and had
good discriminative ability to identify fallers.

Key Words: Aged; Postural Balance; Accidental Falls.
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INTRODUCTION

Falling is a major public health problem for the elderly
throughout the world (1). About one third of community-

dwelling older adults fall once a year and half of these fall at
least twice a year (2). Although there is increasing interven-
tion focused on preventing falls in older people, it is still one
of the most significant causes of morbidity and mortality. As
a larger proportion of the elderly population in developing
countries increasingly lives to an older age, falls will be more
prevalent and will be an important cause of disability in the
future. Therefore, to identify individuals who are at an elevat-
ed risk for falling and who should receive further assessment
is mandatory for this population (3). 

The usefulness of a screening tool in predicting falls may
vary depending on the health status and functional level of the
older adults being tested (4).  Fall risk screening tools have
been especially used to identify frail elderly individuals who
are at risk for falling; however, these screening tools are less
predictive of falls in community-dwelling older adults (4).
Which functional tests of mobility and balance can better
screen community-dwelling older adults at risk of falls is
unclear. The ability to maintain postural stability is one of the
most important factors in fall prediction. The quantitative
method of assessing postural stability is posturography (5).
Additionally, if posturographic fall risk index cut-off scores
can be identified, the clinical usefulness of posturography as a
fall screening tool may be improved. 

The aim of this study was to determine whether there is
an association between the posturographic fall risk index and
clinical balance tests among community-dwelling older
adults, and to explore whether the posturographic fall risk
index can identify those older adults at high risk for falling.

MATERIALS AND METHODS

Subjects

Community-dwelling older adults who were over 65 years of
age and attended the Physical Medicine and Rehabilitation
Clinic were enrolled in this study. Individuals were excluded
from the study if they were unable to stand or walk independ-
ently, unable to cooperate, or living in a nursing home. The
study protocol was approved by the university research ethics
committee and informed consent was obtained from all indi-
viduals who agreed to participate the study. All participants
received a comprehensive geriatric assessment at baseline.
Subjects were asked about the number of falls in the past

twelve months. In this study, a fall was defined as “an episode
of unintentionally coming to rest on the ground or lower sur-
face that was not the result of dizziness, fainting, sustaining a
violent blow, loss of consciousness, or other overwhelming
external factor”(2). Recurrent falling was defined as two or
more falls within 12 months. All participants were divided
into two categories according to history of falls as fallers or
non-fallers.

Evaluation Parameters 

The Berg Balance Scale (BBS), is a valid and reliable scale for
the assessment of balance in older adults. The BBS consists of
14 tasks that are each scored on a scale of 0-4, for a total pos-
sible score of 56, indicating no identified balance difficulties.
Scoring is on a 5-point ordinal scale with 0 indicating an
inability to complete the task and 4 as independent in com-
pleting the task (6). The Turkish version of the BBS was
demonstrated to be a reliable and valid scale for the balance
assessment of Turkish older adults (7). 

All subjects were also tested using a static posturography
device the Tetrax Interactive Balance System (Sunlight
Medical, Tel-Aviv, Israel). The Tetrax device uses a method
based on the assessment of vertical pressure fluctuations on
four independent force plates. Standard measurement consists
of eight different positions that are held for 32 seconds. The
software of the Tetrax system calculates stability, weight dis-
tribution, synchronizations, and sway intensity. A fall risk
index derived from the balance parameters established by this
device has been developed to produce a score that expresses
this risk based on the patient’s specific balance factors that
affect falling. The fall risk index score rates the risk on a scale
from 0-100, in which zero indicates no risk of falling and 100
represents the an extreme likelihood of falling (8). 

The timed up and go test (TUG) was used to evaluate
mobility. The TUG is a balance and gait index which requires
subjects to rise from an armchair, walk 3 m at a normal and
safe pace, turn around, walk back to the chair, and sit-down.
The time required to complete this task is measured in sec-
onds (9). 

The chair stand test (CST) is a physical performance test
used to assess lower extremity function. A standard chair with
arms and a seat height of approximately 43 cm was used for
all assessments. The subject was seated in the middle of the
chair, back straight, arms crossed over chest, feet flat on floor.
From the sitting position, the subject stood completely up,
then completely back down, and this was repeated for 30 sec-
onds. The total score was the number of completed chair
stands in 30 seconds (10).
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The Short Form-36 (SF-36) was used to evaluate quality
of life as a general survey of health status in this study. The
SF-36 includes eight subscale each score was converted to a
range from 0-100, with a higher score indicating a better
level of functioning (11). The reliability and validity of the
Turkish version of the SF-36 were also demonstrated (12).

Statistics

All statistical analyses were performed using SPSS version
17.0 for Windows (Statistical Package for the Social Sciences
Inc, Chicago, IL, USA). Descriptive statistics were used to
describe demographic characteristics. For continuous vari-
ables, the significance of the differences were analyzed using
Student’s t-test while categorical variables were analyzed with
chi-square tests. Pearson correlation coefficients were calcu-
lated to determine the relationship between the posturo-
graphic fall risk index and the clinical balance test.
Posturographic fall risk sensitivity and specificity indices

were computed and used for diagnostic classification of
patients with respect to falling status. For each posturograph-
ic fall risk score, sensitivity and specificity were computed
and graphed in a receiver operating characteristic (ROC)
curve. The ROC curved was used to select optimal cut-off
posturographic fall risk scores for screening community-
dwelling elderly who had a higher fall risk. The Youden’s
index, positive predictive value, negative predictive value,
and positive and negative likelihood ratios were also obtained.
In all analyses, p values <0.05 were considered as statistically
significant. 

RESULTS

Atotal of 244 individuals were eligible for this study, 24 of
whom had to be excluded from the analysis. Of these 24

individuals, 11 could not independently stand, seven were
unable to cooperate, five refused to participate and one was

Table 1— Demographic Characteristics of Older Individuals by History of Fall.

Gender, n (%)

Women 

Men

Age, (years) (mean ± SD)

BMI, (kg/m2) (mean ± SD)

Marital Status, n (%)

Married

Widow(er)

Living with Whom, n (%)

Wife or husband

Alone

Son or daughter

Tetrax (mean ± SD)

BBS (mean ± SD)

CST (mean±SD) 

TUG (mean±SD)

Short Form-36

SF-A

SF-B

SF-C

SF-D

SF-E

SF-F

SF-G

SF-H

Non-faller (n=142)

80 (56.3)

62 (43.7)

70.26±3.89

26.34±2.91

114 (80.3)

28 (19.7)

114 (80.3)

19 (13.4)

9 (6.3)

42.68±21.38

47.08±7.05

11.32±2.14

12.26±2.45

67.95±19.25

67.52±20.25

52.20±18.76

59.30±17.46

80.03±26.66

66.37±29.48

63.65±12.93

57.98±16.48

Faller (n=78)

52 (66.7)

26 (33.3)

71.85±4.56

27.00±2.92

40 (51.3)

38 (48.7)

40 (51.3)

28 (35.9)

10 (12.8)

71.29±23.59

37.15±10.06

9.82±2.44

15.65±3.84

49.87±19.49

65.71±20.98

49.72±18.54

56.59±15.43

79.90±28.10

54.81±28.51

61.78±12.00

54.05±19.92

p

0.135

0.007

0.109

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.531

0.345

0.237

0.973

0.005

0.295

0.140

BBS: Berg-Balance-Scale, CST: Chair-Stand-Test, BMI: Body-Mass-Index, TUG: Timed-up-and-Go test.



living in a nursing home. Therefore, 220 participants who
were over 65 years of age were included in this study. The
mean age of participants was 70.8 years, and the majority of
the participants were female (60%).

Seventy eight (35.5%) of the 220 subjects had a history of
falls of whom 58 (26.4%) had one fall and 20 (9.1%) had a
recurrent history of falling. Age, TUG and posturographic
fall risk index of fallers were significantly higher than that of
non-fallers, whilst two scores on two subtests of the SF-36
(physical function and role limitations due to physical prob-
lems), BBS and mean CST scores were lower (p<0.05). There
were no significant differences regarding gender and BMI
between fallers and non-fallers (Table-1) (p>0.05). 

The correlation between the posturographic fall risk and
the BBS was high and statistically significant (r=-0.84,
p<0.001). There was a significant negative correlation
between posturographic fall risk and the CST (r=-0.40,
p<0.001), and a significant positive correlation with the
TUG (r=0.67, p<0.001).

Using the agreement between the posturographic fall risk
index and history of falls, the ROC curve for fall risk index
scores was estimated. Area under the ROC curve was 0.818
when comparing fallers and non-fallers (Figure 1).
Discriminant statistics for sensitivity, specificity, Youden
index, positive predictive value, and negative predictive value
for each posturographic fall risk score between 45 to 55, and
then every 5 point score out of 100, are given in Table 2,
illustrating the agreement between posturographic fall risk
and history of falls. In this study, when the cut-off value of
51≤ was used, sensitivity was 76.9% and specificity was

73.9%, with a higher value for the Youden index: 0.508.
Scores 51≤ represent a negative predictive value of 86%, and
a positive predictive value of 61% (Table 2). 

DISCUSSION

In this study, we demonstrated significant differences
between fallers and non-fallers according to posturographic

fall risk and the clinical balance test. Posturographic fall risk
was also found to be associated with the clinical balance test
in community-dwelling older adults. Moreover, the posturo-
graphic fall risk index demonstrated good discriminative abil-
ity between fallers and non-fallers in the elderly.

Fall risk for community-dwelling older adults is an
urgent, multifactorial, public health problem as incidence of
falls and the aging population rises. More than one third of
adults aged 65 or older sustain at least one fall each year
(2,13). Similarly, the present study found that 35.5% our
community dwelling participants had a history of falling, in
accordance with previous reports. 

It is important to determine whether the clinical assess-
ment of balance can identify future fall risk. Many instru-
ments have been developed to assess balance and predict falls
in older adults; however, a standardized and valid screening
instrument to identify elderly people at risk of falling is still
not available (14). The BBS and the TUG were most rigorous-
ly studied and their reliability and validity for balance assess-
ment had been established in community-dwelling older
adults. Cross sectional and case controlled studies have shown
that high scores on the TUG test are associated with an
increased risk of falls (15,16). Furthermore, BBS has been
shown to differentiate between faller and non-faller groups.
With respect to the BBS, it has been reported that fallers had
significantly lower scores than non-fallers (17,18). In accor-
dance with these studies, we also demonstrated significantly
lower BBS scores and higher TUG scores for fallers compared
to non-fallers. In addition, a recent study has demonstrated
that acceleration parameters were significantly correlated
with BBS and TUG values (19). Similarly, we found a signif-
icant association between posturographic fall risk and clinical
balance tests, including the BBS and TUG. Unlike our study,
no significant correlation was found between scores on the
posturographic fall risk index and BBS in another study (8).
However, this study had small sample size and included older
adults who had relatively good balance with a higher mean
BBS value. This could be the reason that a significant correla-
tion was not found in that study, which the authors also
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Figure 1— Receiver operating characteristic curve for posturographic
fall risk by fall history. Area under-the-curve: 0.818
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reported to be an unexpected result. On the other hand, in the
same study it was concluded that a fall risk index measure-
ment by posturography can identify individuals who have a
high risk of falling, and that it seems to be a promising
screening tool for the elderly (8).

No screening test is excellent, thus at present no screen-
ing test is known to be accurate enough to be regarded as a
gold standard. Therefore, a good level of agreement between
two tests, does not necessarily mean that prediction of falls
will be accurate (4). Some studies have been conducted on risk
factors for falls, and many factors related to future falls have
been identified. The best predictors appear to be a history of
falls and abnormalities of gait or balance (20). Among older

adults, the strongest associations were reported for history of
falls for all fallers (21). According to these findings, we used
history of falls to categorize participants as fallers or non-fall-
ers.

At present, recommending any single screening test for
clinical practice is not possible. Poor balance is one of the
major risk factors for falls among older adults (22).
Furthermore, the force platform technique has been extensive-
ly used as a tool to assess balance (22). Force platform balance
tests provide valid information about postural control that
can be used to predict fall risk, even among older people with-
out apparent balance problems or fall history (23). Only few
studies have tested the sensitivity and specificity of posturog-

Table 2— Discriminant Features of Posturography in Geriatric Patients according to History of Falling.

Cutoff Score Sensitivity (%) Specificity (%) Youden Index PPV NPV PLR NLR

0 100 0.0 0.0 0.35 NA 1.00 NA

5 100 0.7 0.007 0.35 1.00 1.01 0.00

10 100 3.5 0.035 0.36 1.00 1.04 0.00

15 100 9.9 0.099 0.37 1.00 1.11 0.00

20 100 14.1 0.141 0.39 1.00 1.16 0.00

25 100 17.6 0.176 0.40 1.00 1.21 0.00

30 97.4 23.2 0.206 0.41 0.94 1.27 0.11

35 93.6 35.9 0.295 0.44 0.91 1.46 0.18

40 93.6 47.2 0.408 0.49 0.93 1.77 0.14

45 84.6 58.5 0.431 0.52 0.88 2.04 0.26

46 84.6 59.2 0.438 0.53 0.88 2.07 0.26

47 83.3 65.5 0.488 0.57 0.88 2.41 0.25

48 83.3 65.5 0.488 0.57 0.88 2.41 0.25

49 80.8 69.7 0.505 0.59 0.87 2.67 0.28

50 79.5 69.7 0.492 0.59 0.86 2.62 0.29

51 76.9 73.9 0.508 0.61 0.86 2.95 0.31

52 72.9 73.9 0.468 0.60 0.84 2.79 0.37

53 70.5 76.8 0.473 0.62 0.83 3.04 0.38

54 70.5 76.8 0.473 0.62 0.83 3.04 0.38

55 67.9 76.8 0.447 0.61 0.82 2.93 0.42

60 62.8 83.1 0.459 0.67 0.81 3.72 0.45

65 56.4 87.3 0.437 0.71 0.79 4.44 0.50

70 51.3 87.3 0.386 0.69 0.77 4.04 0.56

75 43.6 90.1 0.337 0.70 0.75 4.40 0.63

80 42.3 92.3 0.346 0.75 0.75 5.49 0.63

85 37.2 93.7 0.316 0.76 0.73 5.90 0.67

90 34.6 95.8 0.309 0.82 0.73 8.24 0.68

95 29.5 97.2 0.267 0.85 0.72 10.54 0.73

100 26.9 97.9 0.248 0.88 0.72 14.10 0.72

PPV: predictive-positive-value, NPV: predictive-negative-value, PLR: positive-likelihood-ratio, NLR: negative-likelihood-ratio, NA: not-applicable.



raphy techniques, let alone positive or negative predictive val-
ues (5). A systemic review, in which nine original prospective
follow-up studies using the force platform as a tool to meas-
ure postural balance were included, aimed to determine
whether posturography measurements can predict falls among
elderly people (22). Associations between falls and certain
sway parameters were found in only five of nine prospective
studies. In this review it was concluded that certain aspects of
force platform data may have predictive value for subsequent
falls, especially various indicators of the lateral control of pos-
ture. However, the small number of studies available makes it
difficult to draw definitive conclusions (22). In a recent study,
it was suggested that the ability to control balance while
standing with eyes open on a compliant surface, as a static
posturographic finding, showed a high association with the
fall history of older people (24). The role of the instrumented
assessment of balance in clinical decisions has been recently
reviewed and the contribution of center of pressure related
measures in the detection of the risk of falling has been
reported (25). Despite all these studies, the contribution of
posturographic balance assessment to the prediction of falls
remains unclear in the literature. On the other hand, our
results demonstrated that posturography shows promising
psychometric properties and good discriminant features for
distinguishing fallers to non-fallers in community-dwelling
elderly. In this preliminary study, the threshold established
for posturographic fall risk index might identify individuals
who should receive further comprehensive fall assessment and
treatment to prevent falls. 

A potential limitation of the present study is that data on
fall frequency were collected retrospectively and were depend-
ent on the subject’s recall of the previous year. Moreover, the
present study was performed only in a clinical setting, there-
fore the sample may not be representative of the general pop-
ulation of community-dwelling older adults because they
were volunteers. Finally, further longitudinal prospective
studies with larger sample sizes are needed to determine the
predictive validity of posturographic measurements for
detecting risk of falling in community-dwelling elderly in
epidemiologic studies, because associations with fall history
may not equate to predicting fall risk. After this preliminary
study, we also planned prospective fall risk prediction of pos-
turographic fall risk index for the cut-off value 51 established
in this study.

In conclusion, it was shown that approximately one third
of elderly participants fell at least once in the last year and
that fallers had poorer balance, functional mobility, lower

extremity neuromuscular function and quality of life com-
pared to non-fallers. The study also exhibited that a posturo-
graphically obtained fall risk was positively correlated with
clinical balance tests and afforded good discriminative ability
in the identification of fallers. 
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