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Introduction: Balance screening has been identified as a major predictor of falls in the 
elderly. The current study compares the diagnostic accuracy of various balance instruments in 
community-dwelling older adults.

Materials and Methods: In this cross-sectional study, 145 older adults were recruited. The 
Berg balance scale (BBS), Fullerton advanced balance (FAB) scale, dynamic gait index (DGI), 
performance-oriented mobility assessment (POMA), timed up and go (TUG) test, gait speed, 
step length, step test, and single item question were administered. The receiver operating 
characteristics curve analysis was used to calculate diagnostic accuracy.

Results: All single-item tools had moderate diagnostic accuracy (area under the curve 
[AUC]=0.76-0.89) and all multi-item tools had high diagnostic accuracy (AUC=0.91-0.95) 
when using the recommended cut-off point of 45 for BBS. All multi-item tools maintained high 
to moderate diagnostic accuracy (AUC=0.85-1.00) in all thresholds while using BBS severity 
cut-off points. The FAB scale showed the highest diagnostic accuracy (AUC=0.95) among all 
assessment tools. Single-item question scores (Wald=22.61, df=1, P=0.0001, Exp(B)=8.82) 
were significant as covariates in the regression model.

Conclusion: For older adults with or without a history of falling, the FAB scale demonstrated 
the highest diagnostic accuracy. Along with single-item tools, the FAB scale may be a preferred 
multi-item tool.
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1. Introduction

alance deficits are associated with poor per-
formance in daily activities and functional 
mobility [1-3]. Screening balance has been 
recognized as a major determinant of falls 
in older adults. Screening can help clini-

cians in planning or allocating assistive devices [4-6]. 

Multiple valid and reliable tools are divulged in re-
habilitation to evaluate balance and gait function. Per-
formance-oriented mobility assessment (POMA), Berg 
balance scale (BBS), Fullerton advanced balance (FAB) 
scale, and dynamic gait index (DGI) are widely used 
multiple-item tools [4, 7-9]. While POMA measures 
both balance and gait, the BBS and the FAB scale are 
only used to measure balance and the DGI is only used 
to evaluate gait [10-12]. The BBS is a 14-item scale 
that is extensively used to measure functional balance 
in a variety of conditions and settings. The BBS, while 
thorough, valid, and reliable, is lengthy to be admin-
istered (i.e. 45 to 50 minutes) and may not always be 
feasible in busy outpatient settings [5, 13, 14]. Although 
the BBS is considered the golden standard [14], it has 
some drawbacks, such as a ceiling effect in independent 
older adults, lack of assessing response to perturbation, 
as well as category redundancy. Therefore, people with 
mild balance deficits are misdiagnosed and thus are less 
likely to receive treatment [13, 15]. The FAB Scale eval-
uates static and dynamic postural control with 10 items 
in high-functioning older people. Unlike the BBS, the 
FAB scale evaluates reactive postural control response 
to perturbation and reflects balance challenges during 
daily activities. Another merit of the FAB scale is that 
it’s faster to perform (i.e. 10 minutes) than the BBS [5, 
13]. Furthermore, the FAB scale has a moderate correla-
tion with the BBS which suggests that these two scales 
measure similar constructs [5]. 

The DGI is composed of 8 common gait tasks to mea-
sure dynamic balance during walking. The DGI requires 
less time to complete (i.e. less than 10 minutes) than the 
BBS and the FAB scale [12, 14]. The DGI measures the 
ability to modify gait in changing situations with fewer 
items than the BBS and can be used to accompany scales 
that only measure static balance. The drawback of the 
DGI is that it requires more stairs and space with no ob-
stacles to managing [12, 16]. Moreover, the DGI has a 
moderate correlation with the BBS [14]. The POMA is 
a performance-based measure with 28 items that mea-
sure balance under perturbed conditions as well as gait 
characteristics. The POMA can be easily performed 
with a chair and stopwatch in any clinical setting. Bal-

ance items in POMA can suggest the need for assistive 
devices, but the performance of all items is exhaustive 
for frail older adults [11, 17]. Despite being standard and 
having high validity and reliability, these tools cause fa-
tigue and frustration in the screening of older adults due 
to multiple items [18, 19].

On the other hand, the literature suggests that common 
single-item measures are preferred in older people [19-
21]. The timed up and go (TUG) provides more informa-
tion than other single-item measures mentioned above. 
Gait speed and step length can be measured via walking 
at a short distance, and step tests can be administered in 
a short time (i.e. 15 seconds) [20, 22-24]. These tools 
are quick, inexpensive, easily executed, informative, and 
do not need scoring or interpretation. Unlike these pros, 
single-item measures may fail to record multiple facets 
of a complex construct, such as balance and gait [25-28].

Occupational therapy guidelines for fall prevention and 
management recommend providing balance training for 
older adults [29]. Proper screening should be performed 
to provide adequate intervention and better outcomes. 
The pros of the tools must be weighed against the num-
ber of false negatives (i.e. those with an impairment that 
is misidentified). The choice of a measurement tool is 
critical due to time constraints in clinical settings. This 
study adds to the growing literature on balance and gait 
measurement tools. Consequently, the specific aim of 
the current study is to compare the diagnostic accuracy 
of single- and multi-item balance tools in community-
dwelling older adults. 

2. Materials and Methods

Study Design And Participants

This cross-sectional study was conducted from 2019 
to 2020. Data from 145 community-dwelling older 
adults were collected in daily rehabilitation centers in 
two sessions. The inclusion criteria included being 65 
or older, not having musculoskeletal diseases leading to 
the inability in standing or walking, the ability to walk 
with or without a walking aid for 6 m, not having a cog-
nitive impairment (i.e. mini-mental status examination 
≥21) [30], and not having lower extremity prosthesis. 
Older adults who unable to provide consent were ex-
cluded. Written informed consent was provided before 
any study procedures. 
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Procedure

Following recruitment, the purpose and procedures 
of the study were explained to all participants. Demo-
graphic characteristics were recorded and the BBS, 
FAB Scale, DGI, POMA, TUG, gait speed, step length, 
and step test were randomly administered in two ses-
sions (i.e. 45 to 60 minutes in each session) for each 
participant. Fear of falling (FOF) was also recorded 
with a single-item question (SIQ) [31]. An experienced 
occupational therapist conducted the evaluations. Rest 
was provided if participants felt tired, due to the variety 
of the tests. 

Measurements

The BBS evaluates various balance features needed for 
daily activities. This scale includes 14 items with a 5-point 
grade. This scale was considered the golden standard with 
a cut-off point of < 45 in the present study [14]. 

The FAB scale includes 10 static and dynamic balance 
activities. Performance is scored using a 5-point Likert 
scale (0: unable to perform; 4: performing independent-
ly) with a maximum score of 40 points [13, 32]. 

The DGI evaluates dynamic balance by performing 
eight tasks. The items are scored with a 4-point scale rang-
ing from 0 (lowest level of function) to 3 (highest level of 
function). Scores on the DGI range from 0 to 24 [14].

The POMA measures gait and balance abilities in older 
adults. The POMA includes two subscales of balance and 
gait. The balance subscale (POMA-B) includes 9 items 
and a maximum score of 16 and the gait subscale (POMA-
G) has 7 items with a maximum score of 12. Each item in 
both subscales is scored on a 2- or 3-point Likert scale. 
The maximum total score of POMA-T is 28 [17, 33].

The TUG measures functional mobility in dynamic 
and static balance. The time recorded during rising from 
a chair, walking 3 meters, turning around, walking back 
to the chair, and sitting down was considered the partici-
pant’s score [4].

The gait speed is measured by walking at a comfort-
able speed over a 5-meter distance. The distance is de-
termined by a tape on the floor to mark the start and end 
points. Additional tapes are pasted 2 m before and after 
the course to control acceleration and deceleration. The 
time in the middle of 5 m was recorded by a stopwatch. 
This test was performed three times and the average 
time was considered the participant’s score [34].

The step length, as an ambulation parameter, was 
measured over a 10-meter course. The step length was 
calculated by the walking distance in the predetermined 
distance divided by the number of steps [35].

The step test is measured with a 15-cm block which is 
positioned 5 cm in front of each participant’s leg. The 
number of times the participant can step on and off a 
block in 15 s is considered the participant’s score [24].

The SIQ measures FOF with a simple question. First, 
the participants were asked ‘were you afraid of falling 
in the past 6 months?’. The next question was ‘did you 
avoid certain activities due to FOF?’ Dichotomous vari-
ables were ‘yes’ and ‘no’ to answer both questions [31].

Statistical analysis

All analyses were conducted using SPSS 16.0 and 
MedCalc 14.8.1. Descriptive statistics and frequency 
distributions were calculated for demographic character-
istics. Based on a cut-off point of < 45 in BBS, partici-
pants were classified with or without balance impairment 
[36, 37]. The severity of balance impairment measured 
by the BBS was also determined via the following cut-
off points, <20 as balance impairment, >21 to ≤40 as 
acceptable balance, and >41 to 56 as good balance [38, 
39]. Diagnostic accuracy was done by calculating a re-
ceiver operating characteristics (ROC) curve analysis to 
determine the sensitivity (S) (true positive rates), speci-
ficity (SP) (true negative rates), positive predictive value 
(PPV) (true positives/true positives+false positives), 
Negative Predictive Value (NPV) (true negatives/true 
negatives+false negatives), as well as the area under the 
curve (AUC). An AUC of 0.5-0.7, 0.71-0.89, and more 
than 0.9 are considered acceptable, moderate, and high, 
respectively [40]. A 95% confidence interval (CI) was 
considered for all analyses. A comparison of ROC curves 
was also done to determine the best tool regarding sen-
sitivity and specificity. Multivariate logistic regression 
analysis was done by considering the best identified tool 
(i.e. determined by comparing ROC curves) as the de-
pendent variable and SIQ scores as covariates.

3. Results

A total of 145 older adults (Mean±SD of age = 
73.68±7.03; male: n=75) participated in the present 
study. Table 1 presents the descriptive and clinical fea-
tures of the sample.
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Table 1. Demographic and clinical characteristics of participants (n=145)

Variable
Mean±SD/ No. (%)

All Participants

Sex
Female 70 (48.3)

Male 75 (51.7)

Age (y) 73.68±7.03

Body mass index (kg/m2) 27.87±4.70

Fall history (6 months)

0 96 (66.2)

1 29 (20)

2 16 (11)

>2 4 (2.8)

Fear of falling
With fear of falling 50 (34.5)

Without fear of falling 95 (65.5)

Job

Unemployed 20 (13.8)

Employed 60 (41.4)

Retired 65 (44.8)

Assistive device use
Yes 4 (2.8)

No 141 (97.2)

Living arrangements
Alone 17 (11.7)

With family 128 (88.3)

POMA

Balance subscale 11.48±3.77

Gait subscale 7.57±2.70

Total 19.15±6.23

BBS 38.39±11.45

TUG 11.60±5.33

FAB scale 23.77±9.12

DGI 15.13±5.73

Gait speed 0.62±0.16

Step length 40.55±7.56

Step test
Right 5.10±2.40

Left 5.06±2.36

Mini mental status examination 26.65±2.95

POMA: Performance-oriented mobility assessment; BBS: Berg balance scale; FAB: Fullerton advance balance; DGI: Dynamic gait index
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Table 2. Diagnostic accuracy indexes for measurement tools

Scale
Variable

Cut-off 
Point

Sensitivity 
 (95% CI)

Specificity 
 (95% CI)

Positive Predictive 
Value (95% CI)

Negative Predictive 
Value (95% CI)

Area Under 
the Curve

POMA-T ≤ 21 85.26 (76.5-91.7) 96 86.3-99.5) 70.3 (37.8-90.2) 98.3 (97.3-99.0) 0.94

POMA-B ≤ 13 90.53 (82.8-95.6) 90 (78.2-96.7) 50.1 (30.4-69.8) 98.8 (97.9-99.4) 0.95

POMA-G ≤ 9 89.47 (81.5-94.8) 80 (66.3-90.0) 33.2 (22.1-46.5) 98.6 (97.4-99.2) 0.91

TUG > 8 85.26 (76.5-91.7) 80 (66.3-90.0) 32.1 (21.3-45.3) 98 (96.7-98.8) 0.89

FAB ≤ 26 87.37 (79.0-93.3) 94 (83.5-98.7) 61.8 (35.0-82.9) 98.5 (97.5-99.1) 0.95

DGI ≤ 16 82.11 (72.9-89.2) 90 (78.2-96.7) 47.7 (28.3-67.8) 97.8 (96.7-98.6) 0.93

Step test
Right ≤ 5 78.95 (69.4-86.6) 80 (66.3-90.0) 30.5 (20.0-43.5) 97.2 (95.8-98.1) 0.84

Left ≤ 5 84.21 (75.3-90.9) 84 (70.9-92.8) 36.9 (23.5-52.6) 98 (96.7-98.7) 0.86

Gait speed ≤ 0.625 86.32 (77.7-92.5) 70 (55.4-82.1) 24.2 (17.2-33.0) 97.9 (96.4-98.7) 0.86

Step length ≤ 41 74.74 (64.8-83.1) 64 (49.2-77.1) 18.7 (13.5-25.4) 95.8 (93.8-97.2) 0.76

POMA-T: Performance-oriented mobility assessment-total; POMA-B: Performance-oriented mobility assessment-balance sub-
scale; POMA-G: Performance-oriented mobility assessment-gait subscale; DGI, dynamic gait index; FAB, Fullerton advanced 
balance; TUG, timed up and go; CI, confidence interval.

Table 3. Validity parameters for discriminating impairment severity

Scales POMA-T POMA-B POMA-G TUG FAB DGI
Step Test

Gait Speed Step 
LengthRight Left

Parameters No or Mild Impairment vs. Moderate Impairment

Area under 
the curve 0.90 0.92 0.86 0.85 0.94 0.92 0.82 0.84 0.81 0.76

Cut-off 
point ≤ 20 ≤ 12 ≤ 9 > 8 ≤ 25 ≤ 16 ≤ 5 ≤ 5 ≤ 0.625 ≤ 38

Sensitivity 
(95% CI)

80.28 
 (69.1-88.8)

87.32 
 (77.3-94.0)

90.14 
 (80.7-95.9)

85.92 
(75.6-93.0)

91.55 
(82.5-96.8)

88.73 
(79.0-95.0)

83.10 
(72.3-91.0)

88.73 
(79.0-95.0)

87.32 
(77.3-94.0)

59.15 
(46.8-70.7)

Specificity 
(95% CI)

87.50 
 (76.8-94.4)

85.94 
 (75.0-93.4)

67.19 
 (54.3-78.4)

68.75 
(55.9-79.8)

89.06 
(78.8-95.5)

84.37 
(73.1-92.2)

73.44 
(60.9-83.7)

75 
(62.6-85.0)

60.94 
(47.9-72.9)

76.69 
(67.8-88.7)

Positive 
 predictive 
value (95% 

CI)

41.6 
 (27.0-58.0)

40.8 
 (27.2-56.0)

23.4 
 (17.6-30.4)

23.4 
 (17.3-30.8)

48.2 
 (31.5-65.3)

38.7 
(26.2-52.9)

25.8 
(18.6-34.6)

28.3 
(20.4-37.8)

19.9 
(15.3-25.5)

24.4 
(16.1-35.3)

Negative 
predictive 

value 
(95% CI)

97.6 
 (96.1-98.5)

98.4 
 (97.0-99.1)

98.4 
 (96.7-99.2)

97.8 
(96.0-98.8)

99.0 
(97.8-99.5)

98.5 
(97.2-99.2)

97.5 
(95.8-98.5)

98.4 
(96.8-99.2)

97.7 
(95.8-98.8)

94.6 
(92.8-96.0)

Parameters Moderate Impairment vs. Severe Impairment

Area under 
the curve 0.94 0.90 0.90 0.75 0.99 0.85 0.79 0.78 0.83 0.51

Cut-off 
point ≤ 10 ≤ 6 ≤ 3 > 17 ≤ 10 ≤ 8 ≤ 2 ≤ 2 ≤ 0.5 ≤ 31

Sensitivity 
(95% CI)

90 
 (55.5-99.7)

80 
(44.4-97.5)

80 
(44.4-97.5)

90 
(55.5-99.7)

100 
(69.2-100)

90 
(55.5-99.7)

80 
(44.4-97.5)

70 
(34.8-93.3)

90 
(55.5-99.7)

30 
(6.7-65.2)

Specificity 
(95% CI)

88.73 
 (79.0-95.0)

87.32 
(77.3-94.0)

92.96 
(84.3-97.7)

59.15 
(46.8-70.7)

97.18 
(90.2-99.7)

69.01 
(56.9-79.5)

76.06 
(64.5-85.4)

80.28 
(69.1-88.8)

66.20 
(54.0-77.0)

87.32 
(77.3-94.0)
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Scales POMA-T POMA-B POMA-G TUG FAB DGI
Step Test

Gait Speed Step 
LengthRight Left

Positive 
 predictive 

value 
 (95% CI)

47 
 (30.9-63.8)

41.2 
(26.1-58.2)

55.8 (33.9-
75.6)

19.7 
(14.7-25.7)

79.8 
(50.2-93.9)

24.4 
(17.7-32.6)

27.1 
(18.1-38.4)

28.3 
(17.5-42.3)

22.8 
(16.7-30.3)

20.8 
(7.9-44.8)

Negative 
predictive 

value  
(95% CI)

98.8 
 (92.5-99.8)

97.5 
(91.9-99.3)

97.7 (92.4-
99.3)

98.2 
(89.1-99.7) 100 98.4 

(90.6-99.8)
97.2 

(90.8-99.2)
96 

(90.3-98.4)
98.3 

(90.2-99.7)
91.8 

(88.1-94.4)

Parameters No or Mild Impairment vs. Severe Impairment

Area under 
the curve 1.00 1.00 0.99 0.98 0.99 0.99 0.92 0.95 0.97 0.75

Cut-off 
point ≤ 11 ≤ 7 ≤ 6 > 16 ≤ 10 ≤ 10 ≤ 2 ≤ 3 ≤ 0.55 ≤ 35

Sensitivity 
(95% CI)

100
(69.2-100)

100
(69.2-100)

100
(69.2-100)

90
(55.5-99.7)

100
(69.2-100)

100
(69.2-100)

80
(44.4-97.5)

90
(55.5-99.7)

100
(69.2-100)

50
(18.7-81.3)

Specificity 
(95% CI)

100
(94.4-100)

100
(94.4-100)

96.87
(89.2-99.6)

98.44
(91.6-100)

98.44
(91.6-100)

96.87
(89.2-99.6)

95.31
(86.9-99.0)

93.75
(84.8-98.3)

85.94
(75.0-93.4)

93.75
(84.8-98.3)

Positive 
predictive 
value (95% 

CI)

100 100 78
(47.6-93.3)

86.5
(47.5-97.8)

87.7
(50.4-98.0)

78
(47.6-93.3)

65.5
(37.6-85.7)

61.5
(37.7-80.9)

44.1
(30.1-59.1)

47.1
(22.3-73.4)

Negative 
predictive 
value (95% 

CI)

100 100 100 98.9
(93.2-99.8) 100 100 97.7

(92.5-99.3)
98.8

(92.9-99.8) 100 94.4
(90.1-96.9)

POMA-T: Performance-oriented mobility assessment-total; POMA-B: Performance-oriented mobility assessment-balance sub-
scale; POMA-G: Performance-oriented mobility assessment-gait subscale; DGI: Dynamic gait index; FAB: Fullerton advanced 
balance; TUG: Timed up and go; CI: Confidence interval.

Table 4. Receiver operating characteristics curve comparisons for measurement tools

Measurement Tools Area Under the Curve Standard Error 95% CI

FAB Scale 0.95 0.022 0.90-0.98

POMA 0.94 0.019 0.89-0.97

DGI 0.93 0.018 0.88-0.97

TUG 0.89 0.026 0.82-0.93

Gait speed 0.86 0.029 0.80-0.91

Step test 0.84 0.034 0.77-0.90

POMA: Performance-oriented mobility assessment; DGI: Dynamic gait index; FAB: Fullerton advanced balance; TUG: Timed 
up and go; CI: Confidence interval.
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By considering the recommended cut-off point of < 45 
for BBS, 65.5% (n=95) of the whole sample had bal-
ance impairments. Using this cut-off point as an external 
criterion for other measurement tools, high diagnostic 
accuracy (AUC=0.91-0.95) was calculated for perfor-
mance-oriented mobility assessment-total (POMA-T), 
performance-oriented mobility assessment-balance (PO-
MA-B), performance-oriented mobility assessment-gait 
(POMA-G), FAB scale, and DGI. Moreover, moderate 
diagnostic accuracy (AUC=0.76-0.89) was obtained for 
TUG, gait speed, step test, and step length. Table 2 lists 
the calculated validity parameters used to compare the 
diagnostic accuracy of each measurement tool.

As shown in Table 3, by considering the severity cut-
off points of BBS (i.e.< 20 as balance impairment, >21 
to ≤40 as acceptable balance, and >41 to 56 as good bal-
ance), in the no or mild impairment vs. moderate im-
pairment, high diagnostic accuracy (AUC=0.90-0.94) 
was obtained for POMA-T, POMA-B, FAB scale, and 
DGI. By raising the threshold and confronting moderate 
impairment and severe impairment, the POMA-T, PO-
MA-B, and FAB Scale maintained their high diagnostic 
accuracy, but the DGI (AUC=0.85) downgraded to mod-
erate diagnostic accuracy next to the TUG (AUC=0.75), 
step test (AUC: Right=0.79, left=0.78), and gait speed 
(AUC=0.83). Also, step length was demoted to accept-
able (AUC=0.51) diagnostic accuracy. By challeng-
ing older adults with no or mild impairment vs. severe 
impairment, all the measurement tools, such as POMA 
(total score and both subscales), FAB scale, DGI, TUG, 
step test, and gait speed had high (AUC=0.92-1.00) di-
agnostic accuracy except for step length that had moder-
ate (AUC=0.75) diagnostic accuracy. 

A comparison of ROC curves was performed for mea-
surement tools that maintained moderate and high diag-
nostic accuracy when discriminating impairment sever-
ity. Among all the measurement tools, FAB scale had the 

highest diagnostic accuracy (AUC=0.95 [CI=0.90-0.98], 
standard error= 0.02). Table 4 and Figure 1 show further 
information.

In the regression model obtained for older adults 
with balance impairments versus without balance im-
pairments, using the FAB scale scores as the depen-
dent variable and SIQ scores as covariates, the SIQ 
scores (Wald=22.61, df=1, P=0.0001, Exp(B)=8.82 
[CI95%=3.59-21.63]) were significant.

4. Discussion

The contemporary rehabilitation environment requires 
valid and convenient outcome measures for goal setting, 
monitoring processes, and predicting other variables 
associated with balance and gait problems, such as fall 
risk. The value of diagnostic tests in both clinical and 
prevention practices depends on populations with certain 
conditions. Clinicians all over the world are searching 
for a single best outcome measure for a specific purpose 
[40, 41]. 

To the best of our knowledge, this study is the first 
research to examine the diagnostic accuracy of various 
single- and multi-item balance and gait outcome mea-
sures for community-dwelling older adults. Several 
studies have been conducted previously; however, they 
were not as comprehensive as the present study in terms 
of instruments studied and they were carried out in other 
populations [13, 27, 42, 43]. The results of the present 
study showed that all single-item measures (i.e. TUG, 
gait speed, step test, and step length) had moderate diag-
nostic accuracy but multi-item measures (POMA, FAB 
Scale, and DGI) had high diagnostic accuracy, by using 
the BBS as the golden standard, with the recommended 
cut-off points. Also, for discriminating older adults with 
various balance and gait impairment levels, all multiple-
item measures except POMA-G and DGI maintained 

Figure 1. Comparison of receiver operating characteristics curves for various balance measurement tools
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high diagnostic ability. Moreover, the FAB scale had 
the highest diagnostic accuracy among all measurement 
tools with high and moderate diagnostic accuracy in dis-
criminating older adults with various impairment levels. 
Regression analysis also showed that the FAB scale is 
suitable to detect fall risk.

Clinically, sensitivity is favored because it leads to 
more true positives and fewer false negatives [42]. Over-
all, all multi-item and single-item measures demonstrat-
ed good sensitivity compared to BBS. Previous studies 
reported different cut-off points with lower sensitivity 
or specificity [11, 22, 44-48]. This discrepancy may be 
explained by using the BBS as the golden standard in 
the present study while previous studies used fall history 
as the criterion. Another reason for these inconsistencies 
may be the diverse populations in previous studies (i.e. 
people with vestibular disorders, people with Parkin-
son’s disease, older adults living in nursing homes, and 
older adults with dementia) [10, 13, 49-51].

Additionally, the efficiency of a scale is described in 
terms of PPV and NPV values of the cutoff scores. Com-
pared to BBS, single-item measures had lower PPV (i.e. 
proportion of subjects with a positive test result who had 
balance impairment) than multi-item measures. As men-
tioned earlier, single-item tools cannot use all aspects of 
the balance construct, hence utilizing these tools lead to 
untimely treatment [25].

When single-item measures were compared to severity 
cut-off points of BBS, they had high to moderate diag-
nostic accuracy in challenging older adults with no or 
mild balance impairment versus older adults with severe 
balance impairment. However, moderate to acceptable 
diagnostic accuracy was obtained in discriminating old-
er adults with no or mild balance impairment vs. older 
adults with moderate balance impairment and differenti-
ating older adults with moderate balance impairment vs. 
older adults with severe balance impairment. These re-
sults indicate that these tools cannot accurately differen-
tiate between older adults with balance impairments. Not 
identifying a person with moderate balance impairment 
from those with no or mild balance impairments leads to 
failure in providing timely interventions [10]. Although 
these single-item tools are advantageous to help evalu-
ate balance in busy clinical settings, another multiple-
item tool is needed alongside them. To the authors’ 
knowledge, no former studies have been conducted on 
the diagnostic accuracy of balance tools to differenti-
ate between subjects based on their balance capabilities. 
Hence, these results are novel and cannot be compared 
with previous studies.

The FAB scale appears to be the most appropriate and 
applicable measurement tool. The cut-off score of ≤ 26 
produced a sensitivity of 87.37% and a specificity of 
94% compared to BBS. This cut-off point is similar to 
those suggested by Hernandez et al. who investigated 
predictive properties of the FAB scale about fall status in 
older adults [8]. The high specificity for the FAB scale in 
the present study compared to Hernandez et al.’s study 
may be due to the inclusion of older adults without cog-
nitive decline. Cognitive function may alter the perfor-
mance of items and affect the scores. In addition, since 
the FAB scale is comprised of more challenging items 
than those used in other multiple-item instruments, its 
overall score may indicate subtle balance impairments. 
This scale is less prone to the ceiling effect and provides 
more guidance in designing interventions and detect-
ing slight changes in balance abilities. Also, the content 
validity of this scale was obtained using the theory of 
postural control systems which means that all neural 
correlates of balance (i.e. sensory strategies, musculo-
skeletal systems, neuromuscular synergies, cognition, 
and adaptive mechanisms) are considered in this scale. 
Hence, the FAB scale has all the essential items [52]. 
Approximately 50% of people who fall admit to having 
FOF [53]. Regression analysis indicated that the FAB 
scale has a significant relationship with SIQ. Detecting 
balance impairments can help identify older adults who 
may have fallen. 

This study has several limitations and clinical concerns 
to consider while using these results. First, the proposed 
cut-off points are only valid for identifying balance im-
pairments in community-dwelling older adults and may 
not be appropriate for determining fall risk in other pop-
ulations or frail older adults in nursing homes. Second, 
FOF was assessed using a retrospective design. Good 
memory recall is required to remember the fear of falling 
and to avoid activities due to FOF. Prospective research 
design (i.e. following participants for some time) should 
be done to explore the ability of the FAB scale to predict 
fall risk. Third, the participants in the present study had 
no cognitive impairment, therefore these results cannot 
be generalized to older adults with cognitive decline. 

5. Conclusion

In summary, from a clinical point of view, we recommend 
that to test balance capacities, the FAB scale may be pre-
ferred over other multiple-item and single-item scales.

Meimandi M, et al. Diagnostic Accuracy of Balance Tools. JMR. 2023; 17(1):103-113

January 2023, Volume 17, Number 1

https://jmr.tums.ac.ir/index.php/jmr


111

Ethical Considerations

Compliance with ethical guidelines

The study was approved by the Ethics Committee of the 
Iran University of Medical Sciences (Code: IR.IUMS.
REC.1398.1189).

Funding

This study was supported by the research deputy of the 
Iran University of Medical Sciences (98-2-6-15579).

Authors' contributions

Analyzing, writing the manuscript, and editing: Mahsa 
Meimandi; Conceptualization, review, supervision, and 
analyzing: Ghorban Taghizadeh; Data collection: Bahman 
Moulodi; Conceptualization, supervision, training man-
agement, and editing: Akram Azad.

Conflict of interest

The authors declared no conflict of interest.

References

[1] Loyd C, Beasley TM, Miltner RS, Clark D, King B, Brown 
CJ. Trajectories of community mobility recovery after hos-
pitalization in older adults. Journal of American Geriatrics 
Society. 2018; 66(7):1399-403. [DOI:10.1111/jgs.15397] [PMID] 
[PMCID]

[2] Osoba MY, Rao AK, Agrawal SK, Lalwani AK. Balance and 
gait in the elderly: A contemporary review. Laryngoscope In-
vestigative Otolaryngology. 2019; 4(1):143-53. [DOI:10.1002/
lio2.252] [PMID] [PMCID]

[3] Azad A, Taghizadeh G, Ghorbanpoor H, Lajevardi L, 
Farhadian M. Relationship between laterality and handed-
ness with the higher order sensory functions and manual 
dexterity of the elderly. Iranian Rehabilitation Journal. 2017; 
15(4):367-76. http://irj.uswr.ac.ir/article-1-748-en.html

[4] Langley FA, Mackintosh SF. Functional balance assess-
ment of older community dwelling adults: A systematic re-
view of the literature. The Internet Journal of Allied Health 
Sciences and Practice. 2007; 5(4):13. [DOI:10.46743/1540-
580X/2007.1174]

[5] Rose DJ, Lucchese N, Wiersma LD. Development of a multidi-
mensional balance scale for use with functionally independent 
older adults. Archives of Physical Medicine and Rehabilitation. 
2006; 87(11):1478-85. [DOI:10.1016/j.apmr.2006.07.263] [PMID]

[6] Khan S, Hadian MR, Olyaei G, Arslan SA, Yekaninejad S, 
Tafakhori A. Comparing falls efficacy scale-international and 
berg balance scale in predicting recurrent risk of fall in stroke 
patients. Journal of Modern Rehabilition. 2017; 11(2):103-8. 
[Link]

[7] Lima CA, Ricci NA, Nogueira EC, Perracini MR. The berg 
balance scale as a clinical screening tool to predict fall risk 
in older adults: A systematic review. Physiotherapy. 2018; 
104(4):383-94. [DOI:10.1016/j.physio.2018.02.002] [PMID]

[8] Hernandez D, Rose DJ. Predicting which older adults will 
or will not fall using the fullerton advanced balance scale. 
Archives of Physical Medicine and Rehabilitation. 2008; 
89(12):2309-15. [DOI:10.1016/j.apmr.2008.05.020] [PMID]

[9] Soubra R, Chkeir A, Novella J-L. A systematic review of 
thirty-one assessment tests to evaluate mobility in older 
adults. BioMed Research International. 2019; 1354362. 
[DOI:10.1155/2019/1354362] [PMID] [PMCID]

[10] Whitney SL, Marchetti GF, Schade A, Wrisley DM. The sen-
sitivity and specificity of the timed up & go and the dynamic 
gait index for self-reported falls in persons with vestibular 
disorders. Journal of Vestibular Research. 2004; 14(5):397-409. 
[DOI:10.3233/VES-2004-14506] [PMID]

[11] Faber MJ, Bosscher RJ, van Wieringen PCW. Clinimet-
ric properties of the performance-oriented mobility assess-
ment. Physical Therapy. 2006; 86(7):944-54 [DOI:10.1093/
ptj/86.7.944] [PMID]

[12] Herman T, Inbar-Borovsky N, Brozgol M, Giladi N, Haus-
dorff JM. The dynamic gait index in healthy older adults: The 
role of stair climbing, fear of falling and gender. Gait & Pos-
ture. 2009; 29(2):237-41. [DOI:10.1016/j.gaitpost.2008.08.013] 
[PMID] [PMCID]

[13] Schlenstedt C, Brombacher S, Hartwigsen G, Weisser B, 
Möller B, Deuschl G. Comparing the fullerton advanced bal-
ance scale with the mini-bestest and berg balance scale to 
assess postural control in patients with parkinson disease. 
Archives of Physical Medicine and Rehabilitation. 2015; 
96(2):218-25. [DOI:10.1016/j.apmr.2014.09.002] [PMID]

[14] Whitney S, Wrisley D, Furman J. Concurrent validity of the 
berg balance scale and the dynamic gait index in people with 
vestibular dysfunction. Physiotherapy Research Internation-
al. 2003; 8(4):178-86. [DOI:10.1002/pri.288] [PMID]

[15] Franchignoni F, Velozo CA. Use of the berg balance scale 
in rehabilitation evaluation of patients with parkinson’s dis-
ease. Archives of Physical Medicine and Rehabilitation. 2005; 
86(11):2225-6. [DOI:10.1016/j.apmr.2005.09.006] [PMID]

[16] Mehta T, Young H-J, Lai B, Wang F, Kim Y, Thirumalai 
M, et al. Comparing the convergent and concurrent valid-
ity of the dynamic gait index with the berg balance scale in 
people with multiple sclerosis. Healthcare. 2019; 7(1):27. 
[DOI:10.3390/healthcare7010027] [PMID] [PMCID]

[17] Mitchell KD, Newton RA. Performance-oriented mobility 
assessment (POMA) balance score indicates need for assistive 
device. Disability and Rehabilitation: Assistive Technology. 
2006; 1(3):183-9. [DOI:10.1080/17483100500519325] [PMID]

[18] Moreh E, Jacobs JM, Stessman J. Fatigue, function, and 
mortality in older adults. Journals of Gerontology Series A: 
Biomedical Sciences and Medical Sciences. 2010; 65(8):887-95. 
[DOI:10.1093/gerona/glq064] [PMID]

[19] Rolstad S, Adler J, Rydén A. Response burden and ques-
tionnaire length: Is shorter better? A review and meta-anal-
ysis. Value in Health. 2011; 14(8):1101-8. [DOI:10.1016/j.
jval.2011.06.003] [PMID]

Meimandi M, et al. Diagnostic Accuracy of Balance Tools. JMR. 2023; 17(1):103-113

January 2023, Volume 17, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://en.iums.ac.ir/
https://en.iums.ac.ir/
https://doi.org/10.1111/jgs.15397
https://www.ncbi.nlm.nih.gov/pubmed/29719058
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097884
https://doi.org/10.1002/lio2.252
https://doi.org/10.1002/lio2.252
https://www.ncbi.nlm.nih.gov/pubmed/30828632
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6383322
https://doi.org/10.46743/1540-580X/2007.1174
https://doi.org/10.46743/1540-580X/2007.1174
https://doi.org/10.1016/j.apmr.2006.07.263
https://www.ncbi.nlm.nih.gov/pubmed/17084123
https://jmr.tums.ac.ir/index.php/jmr/article/view/64
https://doi.org/10.1016/j.physio.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29945726
https://doi.org/10.1016/j.apmr.2008.05.020
https://www.ncbi.nlm.nih.gov/pubmed/18976981
https://doi.org/10.1155/2019/1354362
https://www.ncbi.nlm.nih.gov/pubmed/31321227
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6610744
https://doi.org/10.3233/VES-2004-14506
https://www.ncbi.nlm.nih.gov/pubmed/15598995
https://doi.org/10.1093/ptj/86.7.944
https://doi.org/10.1093/ptj/86.7.944
https://www.ncbi.nlm.nih.gov/pubmed/16813475
https://doi.org/10.1016/j.gaitpost.2008.08.013
https://www.ncbi.nlm.nih.gov/pubmed/18845439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2709498
https://doi.org/10.1016/j.apmr.2014.09.002
https://www.ncbi.nlm.nih.gov/pubmed/25261718
https://doi.org/10.1002/pri.288
https://www.ncbi.nlm.nih.gov/pubmed/14730722
https://doi.org/10.1016/j.apmr.2005.09.006
https://www.ncbi.nlm.nih.gov/pubmed/16271578
https://doi.org/10.3390/healthcare7010027
https://www.ncbi.nlm.nih.gov/pubmed/30769934
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6473448
https://doi.org/10.1080/17483100500519325
https://www.ncbi.nlm.nih.gov/pubmed/19260186
https://doi.org/10.1093/gerona/glq064
https://www.ncbi.nlm.nih.gov/pubmed/20418349
https://doi.org/10.1016/j.jval.2011.06.003
https://doi.org/10.1016/j.jval.2011.06.003
https://www.ncbi.nlm.nih.gov/pubmed/22152180


112

[20] Kubicki A. Functional assessment in older adults: Should 
we use timed up and go or gait speed test? Neuroscience 
Letters. 2014; 577:89-94. [DOI:10.1016/j.neulet.2014.06.014] 
[PMID]

[21] Macdonald HM, Nettlefold L, Bauman A, Sims-Gould J, 
McKay HA. Pragmatic evaluation of older adults’ physical 
activity in scale-up studies: Is the single-item measure a rea-
sonable option? Journal of Aging and Physical Activity. 2021; 
30(1):25-32. [DOI:10.1123/japa.2020-0412] [PMID]

[22] Viccaro LJ, Perera S, Studenski SA. Is timed up and go bet-
ter than gait speed in predicting health, function, and falls 
in older adults? Journal American Geriatrics Society. 2011; 
59(5):887-92. [DOI:10.1111/j.1532-5415.2011.03336.x] [PMID] 
[PMCID]

[23] Eskandarnejad M, Tagizadeh S. [A comparison of distance 
perception in active and inactive elderly with an emphasis on 
physical activity (Persian)]. Iranian Journal of Geriatric Nurs-
ing. 2015; 2(1):79-90. [DOI:10.21859/jgn.2.3.81]

[24] Hill KD, Bernhardt J, McGann AM, Maltese D, Berkovits 
D. A new test of dynamic standing balance for stroke patients 
reliability, validity and comparison with healthy elderly. 
Physiotherapy Canada. 1996; 48(4):257-62. [DOI:10.3138/
ptc.48.4.257] 

[25] Franchignoni F, Martignoni E, Ferriero G, Pasetti C. Bal-
ance and fear of falling in parkinson’s disease. Parkinson-
ism & Related Disorders. 2005; 11(7):427-33. [DOI:10.1016/j.
parkreldis.2005.05.005] [PMID]

[26] Bennie S, Bruner K, Dizon A, Fritz H, Goodman B, Peter-
son S. Measurements of balance: Comparison of the timed up 
and go test and functional reach test with the berg balance 
scale. Journal of Physical Therapy Science. 2003; 15(2):93-7. 
[DOI:10.1589/jpts.15.93] 

[27] Jeon YJ, Kim GM. Comparison of the berg balance scale 
and fullerton advanced balance scale to predict falls in com-
munity-dwelling adults. Journal of Physical Therapy Science. 
2017; 29(2):232-4. [DOI:10.1589/jpts.29.232] [PMID] [PMCID]

[28] Pardasaney PK, Latham NK, Jette AM, Wagenaar RC, Ni 
P, Slavin MD, et al. Sensitivity to change and responsive-
ness of four balance measures for community-dwelling older 
adults. Physical Therapy. 2012; 92(3):388-97. [DOI:10.2522/
ptj.20100398] [PMID] [PMCID]

[29] Panel on Prevention of Falls in Older Persons, American 
Geriatrics Society and British Geriatrics Society. Summary of 
the updated American geriatrics society/British geriatrics so-
ciety clinical practice guideline for prevention of falls in older 
persons. Journal American Geriatrics Society. 2011; 59(1):148-
57. [DOI:10.1111/j.1532-5415.2010.03234.x] [PMID]

[30] Foroughan M, Jafari Z, Shirin Bayan P, Ghaem Magham 
Farahani Z, Rahgozar M. [Validation of mini-mental state ex-
amination (MMSE) in the elderly population of Tehran (Per-
sian). Advances in Cognitive Science. 2008; 10(2):29-37. [Link]

[31] Azad A, Sabet A, Taghizadeh G, Mohammadi-Nezhad 
T. Clinical assessment of Persian translation of fullerton ad-
vanced balance scale in community-dwelling older adults. 
Disability and Rehabilitation. 2020; 42(4):567-73. [DOI:10.108
0/09638288.2018.1503731] [PMID]

[32] Jahantabi-Nejad S, Azad A. Predictive accuracy of perfor-
mance oriented mobility assessment for falls in older adults: 
A systematic review. Medical journal of the Islamic Republic 
of Iran. 2019; 33(1):229-34. [DOI:10.47176/mjiri.33.38] [PMID] 
[PMCID]

[33] Salbach NM, Mayo NE, Higgins J, Ahmed S, Finch LE, 
Richards CL. Responsiveness and predictability of gait speed 
and other disability measures in acute stroke. Archives of 
Physical Medicine and Rehabilitation. 2001; 82(9):1204-12. 
[DOI:10.1053/apmr.2001.24907] [PMID]

[34] Bayle N, Patel AS, Crisan D, Guo LJ, Hutin E, Weisz DJ, 
et al. Contribution of step length to increase walking and 
turning speed as a marker of parkinson’s disease progres-
sion. Plos One. 2016; 11(4):e0152469. [DOI:10.1371/journal.
pone.0152469] [PMID] [PMCID]

[35] Jung D. Fear of falling in older adults: Comprehensive 
review. Asian Nursing Research. 2008; 2(4):214-22. [PMID] 
[DOI:10.1016/S1976-1317(09)60003-7]

[36] Whitney SL, Poole JL, Cass SP. A review of balance instru-
ments for older adults. American Journal of Occupational 
Therapy. 1998; 52(8):666-71. [DOI:10.5014/ajot.52.8.666] 
[PMID]

[37] O’brien K. Clinical measures of balance in community-
dwelling elderly female fallers and non-fallers. Physiotherapy 
Canada. 1998; 50:212-21. [Link]

[38] Blum L, Korner-Bitensky N. Usefulness of the berg balance 
scale in stroke rehabilitation: A systematic review. Physi-
cal Therapy. 2008; 88(5):559-66. [DOI:10.2522/ptj.20070205] 
[PMID]

[39] Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Meas-
uring balance in the elderly: Validation of an instrument. 
Canadian Journal of Public Health. 1992; 83 Suppl 2:S7-11. 
[PMID]

[40] Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to 
the interpretation of diagnostic test properties: Clinical exam-
ple of sepsis. Intensive Care Medicine. 2003; 29(7):1043-51. 
[DOI:10.1007/s00134-003-1761-8] [PMID]

[41] Fritz JM, Wainner RS. Examining diagnostic tests: An evi-
dence-based perspective. Physical Therapy. 2001; 81(9):1546-
64. [DOI:10.1093/ptj/81.9.1546] [PMID]

[42] Jernigan SD, Pohl PS, Mahnken JD, Kluding PM. Diag-
nostic accuracy of fall risk assessment tools in people with 
diabetic peripheral neuropathy. Physical Therapy. 2012; 
92(11):1461-70. [DOI:10.2522/ptj.20120070] [PMID] [PMCID]

[43] Godi M, Franchignoni F, Caligari M, Giordano A, Turca-
to AM, Nardone A. Comparison of reliability, validity, and 
responsiveness of the mini-bestest and berg balance scale 
in patients with balance disorders. Physical Therapy. 2013; 
93(2):158-67. [DOI:10.2522/ptj.20120171] [PMID]

[44] Murphy MA, Olson SL, Protas EJ, Overby AR. Screen-
ing for falls in community-dwelling elderly. Journal of Ag-
ing and Physical Activity. 2003; 11(1):66-80. [DOI:10.1123/
japa.11.1.66]

[45] Verghese J, Buschke H, Viola L, Katz M, Hall C, Kuslansky 
G, et al. Validity of divided attention tasks in predicting falls 
in older individuals: A preliminary study. Journal of Ameri-
can Geriatrics Society. 2002; 50(9):1572-6. [DOI:10.1046/j.1532-
5415.2002.50415.x] [PMID]

Meimandi M, et al. Diagnostic Accuracy of Balance Tools. JMR. 2023; 17(1):103-113

January 2023, Volume 17, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.neulet.2014.06.014
https://www.ncbi.nlm.nih.gov/pubmed/24933540
https://doi.org/10.1123/japa.2020-0412
https://www.ncbi.nlm.nih.gov/pubmed/34348228
https://doi.org/10.1111/j.1532-5415.2011.03336.x
https://www.ncbi.nlm.nih.gov/pubmed/21410448
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3522463
https://doi.org/10.21859/jgn.2.3.81
https://doi.org/10.3138/ptc.48.4.257
https://doi.org/10.3138/ptc.48.4.257
https://doi.org/10.1016/j.parkreldis.2005.05.005
https://doi.org/10.1016/j.parkreldis.2005.05.005
https://www.ncbi.nlm.nih.gov/pubmed/16154789
https://doi.org/10.1589/jpts.15.93
https://doi.org/10.1589/jpts.29.232
https://www.ncbi.nlm.nih.gov/pubmed/28265146
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332977
https://doi.org/10.2522/ptj.20100398
https://doi.org/10.2522/ptj.20100398
https://www.ncbi.nlm.nih.gov/pubmed/22114200
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3291380
https://doi.org/10.1111/j.1532-5415.2010.03234.x
https://www.ncbi.nlm.nih.gov/pubmed/21226685
https://www.sid.ir/paper/82986/en
https://doi.org/10.1080/09638288.2018.1503731
https://doi.org/10.1080/09638288.2018.1503731
https://www.ncbi.nlm.nih.gov/pubmed/30624094
https://doi.org/10.47176/mjiri.33.38
https://www.ncbi.nlm.nih.gov/pubmed/31456962
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6708086
https://doi.org/10.1053/apmr.2001.24907
https://www.ncbi.nlm.nih.gov/pubmed/11552192
https://doi.org/10.1371/journal.pone.0152469
https://doi.org/10.1371/journal.pone.0152469
https://www.ncbi.nlm.nih.gov/pubmed/27111531
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4844147
https://pubmed.ncbi.nlm.nih.gov/25029959/
https://doi.org/10.1016/S1976-1317(09)60003-7
https://doi.org/10.5014/ajot.52.8.666
https://www.ncbi.nlm.nih.gov/pubmed/9739401
https://cir.nii.ac.jp/crid/1573668925309544192
https://doi.org/10.2522/ptj.20070205
https://www.ncbi.nlm.nih.gov/pubmed/18292215
https://pubmed.ncbi.nlm.nih.gov/1468055/
https://doi.org/10.1007/s00134-003-1761-8
https://www.ncbi.nlm.nih.gov/pubmed/12734652
https://doi.org/10.1093/ptj/81.9.1546
https://www.ncbi.nlm.nih.gov/pubmed/11688591
https://doi.org/10.2522/ptj.20120070
https://www.ncbi.nlm.nih.gov/pubmed/22836004
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3488267
https://doi.org/10.2522/ptj.20120171
https://www.ncbi.nlm.nih.gov/pubmed/23023812
https://doi.org/10.1123/japa.11.1.66
https://doi.org/10.1123/japa.11.1.66
https://doi.org/10.1046/j.1532-5415.2002.50415.x
https://doi.org/10.1046/j.1532-5415.2002.50415.x
https://www.ncbi.nlm.nih.gov/pubmed/12383157


113

[46] Raîche M, Hébert R, Prince F, Corriveau H. Screening 
older adults at risk of falling with the tinetti balance scale. 
The Lancet. 2000; 16:356(9234):1001-2. [DOI:10.1016/S0140-
6736(00)02695-7]

[47] Kojima G, Masud T, Kendrick D, Morris R, Gawler S, Treml 
J, et al. Does the timed up and go test predict future falls 
among British community-dwelling older people? Prospec-
tive cohort study nested within a randomised controlled trial. 
BMC Geriatrics. 2015; 15:38. [DOI:10.1186/s12877-015-0039-7] 
[PMID] [PMCID]

[48] Barry E, Galvin R, Keogh C, Horgan F, Fahey T. Is the 
timed up and go test a useful predictor of risk of falls in com-
munity dwelling older adults: A systematic review and meta-
analysis. BMC Geriatrics. 2014; 14(1):1-14. [DOI:10.1186/1471-
2318-14-14] [PMID] [PMCID]

[49] Harada N, Chiu V, Damron-Rodriguez J, Fowler E, Siu A, 
Reuben DB. Screening for balance and mobility impairment 
in elderly individuals living in residential care facilities. Phys-
ical Therapy. 1995; 75(6):462-9. [DOI:10.1093/ptj/75.6.462] 
[PMID]

[50] Morris R, Harwood RH, Baker R, Sahota O, Armstrong S, 
Masud T. A comparison of different balance tests in the pre-
diction of falls in older women with vertebral fractures: A co-
hort study. Age and Ageing. 2007; 36(1):78-83. [DOI:10.1093/
ageing/afl147] [PMID]

[51] Sterke CS, Huisman SL, van Beeck EF, Looman CW, van 
der Cammen TJ. Is the tinetti performance oriented mobility 
assessment (POMA) a feasible and valid predictor of short-
term fall risk in nursing home residents with dementia? Inter-
national Psychogeriatrics. 2010; 22(2):254-63. [DOI:10.1017/
S1041610209991347] [PMID]

[52] Shumway-Cook A, Brauer S, Woollacott M. Predicting the 
probability for falls in community-dwelling older adults us-
ing the timed up & go test. Physical Therapy. 2000; 80(9):896-
903. [DOI:10.1093/ptj/80.9.896] [PMID]

[53] Rivasi G, Kenny RA, Ungar A, Romero-Ortuno R. Predic-
tors of incident fear of falling in community-dwelling older 
adults. Journal of American Medical Directors Association. 
2020; 21(5):615-20. [DOI:10.1016/j.jamda.2019.08.020] [PMID]

Meimandi M, et al. Diagnostic Accuracy of Balance Tools. JMR. 2023; 17(1):103-113

January 2023, Volume 17, Number 1

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/S0140-6736(00)02695-7
https://doi.org/10.1016/S0140-6736(00)02695-7
https://doi.org/10.1186/s12877-015-0039-7
https://www.ncbi.nlm.nih.gov/pubmed/25887660
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403843
https://doi.org/10.1186/1471-2318-14-14
https://doi.org/10.1186/1471-2318-14-14
https://www.ncbi.nlm.nih.gov/pubmed/24484314
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3924230
https://doi.org/10.1093/ptj/75.6.462
https://www.ncbi.nlm.nih.gov/pubmed/7770493
https://doi.org/10.1093/ageing/afl147
https://doi.org/10.1093/ageing/afl147
https://www.ncbi.nlm.nih.gov/pubmed/17264139
https://doi.org/10.1017/S1041610209991347
https://doi.org/10.1017/S1041610209991347
https://www.ncbi.nlm.nih.gov/pubmed/19951457
https://doi.org/10.1093/ptj/80.9.896
https://www.ncbi.nlm.nih.gov/pubmed/10960937
https://doi.org/10.1016/j.jamda.2019.08.020
https://www.ncbi.nlm.nih.gov/pubmed/31610994

