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Oz Zur, Yitshal Berner, Yair Ohel, and Eli Carmeli

Abstract

Adults over the age of 70 are at risk of falls. Early detection of risk of falls

can suggest early interventions. In this study, we attempted to determine

valid clinical tests that can differentiate older individuals who are at risk

of falling. Older adults from an independent-living community

volunteered to participate in this descriptive, cohort study. They were

administered the Berg Balance Scale (BBS), Zur Balance Scale (ZBS);

Head Shaking Nystagmus Head Impulse Test, Dynamic Visual Acuity,

and the Hallpike maneuver for evaluating benign paroxysmal positional

vertigo (BPPV); a questionnaire including sociodemographics and a

health characteristics survey. Multivariate analysis indicated that a ZBS

score< 51, previous fall, and number of medications strongly predict falls

in older adults. ZBS score, BBS score, Hallpike maneuver, number of

medications, deficit of vestibular ocular reflex, along with positive ZBS

score and past fall differentiate between fallers and non-fallers. ZBS <51,

taking >6 medications, and history of falls were a benchmark for high-

risk of falling.
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1 Introduction

The incidence of vestibular dysfunction among

people 70 years of age or older is 68.7%, and it is

84.8% for those over 80 years (Agrawal et al.

2009). It is well-established that frailty leads to

increased risk for falls that are a major public

health concern in older adults (Fried et al. 2001).

The annual incidence of falls is about 33%

among community dwelling adults over

65 years of age (Agrawal et al. 2009). Falls are

the main causes of injury, disability, institution-

alization, and might be the leading cause of acci-

dental death and nonfatal injuries among older

people (de Castro et al. 2015). Every 36 h, an

older person experiences a fall leading to a hip

fracture (Israel Central Bureau of Statistics

2015). In 2015, Israel had a population of eight

million people, including about 800,000 elders.

Translating that into practical data, a fall is an

expensive event for the patient’s family and for

the national economy. Falls can be due to intrin-

sic factors, such as medications associated with

orthostatic hypotension. Diseases, including

congestive heart failure, vertigo, and diabetes

mellitus increase the risk of falls as well. Extrin-

sic factors related to falling include stairs, physi-

cal obstacles, and demanding environments.

Among the many causes of falls among the

elderly, the vestibular system, which is located

in the inner ear and includes the vestibular-ocular

reflex (VOR) and the vestibulo-spinal reflex

(VSR), plays an essential role (Zur et al. 2006).

The Berg Balance Scale (BBS) is considered a

‘gold standard’ test and is often used to predict

falls. The BBS consists of 14 items that primarily

assess transfers and static standing balance, but it

includes a limited number of dynamic activities

(Berg 1989). Examples of BBS items include

sitting balance, sit-to-stand, standing with eyes

open and closed, turning 360�, bending forward

to pick something up from the floor and single-

leg stance. BBS items are rated 0–4 based on

performance quality, with a total score ranging

from 0 to 56. A score less than 45 is a predictor

for falls (Muir et al. 2008). Yet, performance of

daily living activities predicts 43% of a subject’s

score (Bogle-Thorbahn and Newton 1996). The

BBS is not a valid test for vestibular disorders.

The Zur Balance Scale (ZBS) is a new balance

test that focuses on the vestibular system. The

scale challenges the visual and the somatosen-

sory systems and it evaluates the balance ability

with 10 test conditions and head movements. A

total score ranges from 0 to 100. The scale is safe

and easy to administer after a minimal amount of

training (Zur et al. 2016). The ability to predict

falls with a screening tool would be very valu-

able in that the effective interventions could be

undertaken to minimize the risk of falls (Muir

et al. 2008). Therefore, the present follow-up

study seeks to determine who would be at

increased risk for falls and what clinical test

could best predict the likelihood of one or multi-

ple future falls.

2 Methods

This study was approved by the Institutional

Review Board of Maccabi Health Maintenance

Organization (permit no. 14/2014). All

participants provided written informed consent.

2.1 Study Protocol

This was a prospective cohort study. Participants

were recruited from an independent-living com-

munity in Israel. Data were collected on

participants’ health conditions (ICD-10-CM),

prescribed medications, and changes in health

status over 2 years (from April 2014 through

March 2016). The inclusion criteria were age

70 years or over and the ability to walk indepen-

dently, with or without a cane.

Sociodemographic and health status data were

taken from the on-site clinic, including birth

date, sex, fall history, fall-related injury, weekly

physical exercise activity, social activity,

diseases, surgeries, and medications. The exclu-

sion criteria were the following: using an assis-

tive device for walking, a static visual deficit

(i.e., unable to read at least the first five lines in

the Snellen eye chart, even with vision
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correction), cognitive deficit (mini-mental state

examination score less than 24), any neurological

condition (such as Parkinson’s disease or cere-

brovascular accident), or acute orthopedic condi-

tion (such as hip fracture or joint pain).

2.2 Outcome Measures

The objective of this study was to define the

ability to predict future falls based on previously

collected data on the characteristics of older

individuals who had fallen over a past period of

6 months. We followed them for the additional

2 years to evaluate the accuracy of the prediction

of future falls. The on-site medical clinic at the

independent living community maintains strict

records of fall episodes. The data are routinely

recorded in the computer system and periodically

reviewed by the in-house physician. Participants

were grouped according to the number of falls

(zero, one, or two or more) experienced during

the two-year study period. We used the outcome

measures detailed below.

2.2.1 Clinical Balance Tests

Two clinical balance tests were administered:

Zur Balance Scale (ZBS) and Berg Balance

Scale (BBS). The ZBS scores were dichotomized

to <51 or �51 (ZBS_51), and the BBS scores

were dichotomized to the known standard of<45

or �45 (BBS_45).

2.2.2 Clinical Vestibulo-Ocular Reflex
Function and Positional Tests

Deficit of vestibulo-ocular reflex function

(VORf) was defined as a positive result in at

least one of the following clinical tests: head

shaking nystagmus (HSN) (Kamei 1988), head

impulse test (HIT) (Halmagyi and Curthoys

1988), and dynamic visual acuity (DVA)

(Herdman et al. 1998). The Hallpike maneuver

for diagnosing benign paroxysmal positional ver-

tigo (Dix and Hallpike, 1952) was also

administered as an additional test for dizziness

related to positional vertigo.

2.2.3 Questionnaires

The following questionnaires were administered:

Activities-Specific Balance Confidence (ABC),

which is a self-estimate of one’s ability to main-

tain balance in different situations (Powell and

Myers 1995); University of California Los

Angeles Dizziness Questionnaire – Severity

(UCLA-DQ-S), which is a self-estimate of the

severity of dizziness/vertigo, and University of

California Los Angeles Dizziness Questionnaire

– Affect (UCLA-DQ-A) to assess the affective

effects of dizziness on daily functioning

(Honrubia et al. 1996); and Short Anxiety

Screening Test (SAST) to assess the anxiety

level (Sinoff et al. 1999).

2.3 Data Analysis

Univariate analysis was performed to examine

the association of all potential predictor variables

with the primary outcome measures in relation to

a single fall and two or more falls in the preced-

ing 2 years. Continuous variables that follow a

normal distribution were reported means �SD

and compared using one-way analysis of vari-

ance. Continuous variables that do not follow a

normal distribution were reported by median and

interquartile range and compared using the

Kruskal-Wallis test. Categorical variables were

reported as relative frequencies and compared

using the Pearson chi-squared test or Fisher

exact test. When outcomes of the overall test

were significant, pairwise comparisons were

performed. The false discovery rate method was

used for adjusting the significance level.

Multivariate logistic regression was used to

identify the independent predictors of single,

multiple, and all falls in the preceding 2 years,

by considering candidate variables with p-values

�0.05 in the univariate analysis or if the variable

was thought to be clinically relevant. A p-value

�0.05 was considered significant. Statistical

analysis was performed using SAS for Windows

v9.4.
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3 Results

Seventy-five (24%) of the 315 residents

volunteered to participate in the study. There

were 60 (79%) women. The participants had

lived in the independent living community for a

mean of 3.0 � 1.5 years. Their mean age was

83� 5 (range 71–97 years). They had an average

of 12� 3 years of education and were engaged in

sport activities for a median of 3 h a week.

Table 1 demonstrates all variables that prospec-

tively related to the risk of falling.

3.1 Fall History

Eighteen of the 75 participants (24%) had fallen

during the 2 years of the study. Seven fell once

and 11 fell more than once. Three parameters

were significantly different in the all-falls group

compared with no-falls group: number of pre-

scribed medications, history of falls, and a Zur

Balance Scale score less than 51%. Although the

ABC questionnaire results were not significant,

the scores were lower among all those who had

fallen (n ¼ 18). The oculomotor examination for

assessing the VORf indicated significant changes

only when the ZBS score was <51 ( p < 0.005).

VORf alone, gender, and the BBS balance test

with a score under 45% did not demonstrate a

difference between fallers and non-fallers.

Table 2 demonstrates the best variables for

predicting falls in multivariate logistic regression

analysis. The regression model shows the effects

of ZBS score <51, past falls, and the number of

medications as significant predictors. Those who

scored <51 on the ZBS had 4.9 greater likeli-

hood of falling compared to those who scored

51 or more. A participant who had a past fall was

7 times more likely to fall again than one who did

not. A number of medications, increasing to

more than 6, was associated with increased like-

lihood of falling.

3.1.1 Single Fall During Two Years

Characterization of a single fall is shown in

Table 3. Seven participants (9.3%) among the

75 had fallen once in the last 2 years, while

57 (76%) had no report from the nurse about

falling. A past fall ( p < 0.010), ZBS score < 51

( p < 0.015) and a positive Hallpike maneuver,

indicative of a positional vertigo, were signifi-

cantly different between fallers and non-fallers in

the single fallers group by chi-squared

( p < 0.02). VORf alone was not significant

(p ¼ 0.30); however, when combined with ZBS

it turned out significant ( p< 0.038). Persons who

fell had a trend toward lower scores on the ABC

questionnaire, which implies lower confidence

and self-esteem regarding balance than the

non-fallers had. The numbers of medications

and of diseases did not differ significantly

between the groups.

A multivariate logistic regression model was

applied to the data to analyze the independent

relationship between ZBS score < 51, positive

Hallpike, and past falls simultaneously. As seen

from Table 3, ZBS score ( p < 0.015) and past

fall ( p < 0.010) were significant predictors of a

fall. However, significance was lost under multi-

variate logistic regression model analysis. A pos-

sible explanation is a low proportion of single

falls (9%) in the population (7 persons out of the

75). The Hallpike maneuver result was the only

predictor of a single fall.

3.1.2 Multiple Falls During Two Years

Eleven (14.6%) out of the 75 participants had

fallen at least twice during the last two years.

These falls were recorded in the nurse’s report.

Five parameters predicted multiple falls: number

of medications taken ( p ¼ 0.015), past falls

( p < 0.001), a combination of VORf deficit

with ZBS score < 51 ( p ¼ 0.027), ZBS <51

( p < 0.007), and BBS score < 45 ( p < 0.049)

(Table 4). Persons who fell had somewhat lower

scores than those who did not fall (874 � 331 vs.

1,076 � 371, respectively) on the ABC question-

naire ( p ¼ 0.100), implying a trend toward less
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Table 1 All falls during the last 2 years

Variable No falls (n ¼ 57) One fall (n ¼ 18) p-value

Age, years (mean � SD) 83.2 (5.1) 83.6 (4.9) 0.81

Sex, n (%) 0.58

Female 44 (77%) 15 (83%)

Male 13 (23%) 3 (17%)

No. of diseases, median (Q1, Q3) 5.0 (3.0, 5.0) 5.0 (4.0, 7.0) 0.06

No. of medications, median (Q1, Q3) 6.0 (5.0, 7.0) 7.0 (5.0, 9.0) 0.031

Weekly hours of physical activity, median (Q1, Q3) 3.0 (2.0, 5.0) 3.0 (0.0, 6.0) 0.67

Past fall, n (%) <0.001

Yes 55 (96%) 12 (67%)

No 2 (4%) 6 (33%)

ABC 1,076 (371) 934 (321) 0.15

SAST, median (Q1, Q3) 18.0 (15.0, 21.0) 17.5 (15.0, 21.0) 0.79

UCLA-DQ-S, median (Q1, Q3) 3.0 (2.0, 6.0) 3.5 (2.0, 6.0) 0.84

UCLA-DQ-A, median (Q1, Q3) 10.0 (6.0, 14.0) 10.0 (8.0, 13.0) 0.60

BBS_45, n (%) 0.21

�45 51 (93%) 14 (82%)

<45 4 (7%) 3 (18%)

ZBS_51, n (%) 0.001

�51 35 (74%) 5 (29%)

<51 12 (26%) 12 (71%)

VORf, n (%) 0.12

Negative 21 (38%) 3 (18%)

Positive 34 (62%) 14 (82%)

VORf_ZBS, n (%) 0.005

No reflex, ZBS �51 11 (24%) 2 (13%)

Reflex, ZBS �51 22 (49%) 3 (19%)

No reflex, ZBS <51 5 (11%) 1 (6%)

Reflex, ZBS <51 7 (16%) 10 (63%)

Hallpike maneuver, n (%) 0.68

Negative 47 (85%) 13 (81%)

Positive 8 (15%) 3 (19%)

ABC Activities-Specific Balance Confidence, SAST Short Anxiety Screening Test, UCLA-DQ-A University of

California at Los Angeles Dizziness Questionnaire - Affect, UCLA-DQ-S University of California at Los Angeles

Dizziness Questionnaire - Severity, VORf Vestibulo-Ocular Reflex Function, BBS Berg Balance Scale, ZBS Zur

Balance Scale

Table 2 Results of regression analysis for all falls

Parameter Category

Odds

ratio

95% Wald

lower CI

95% Wald

upper CI

Log odds

ratio

Standard

error p-value

Intercept �4.21 1.22 <0.001

ZBS_51 <51 vs.
�51

4.9 1.20 20.04 1.59 0.72 0.027

Past falls 1 vs. 0 7.0 1.03 47.69 1.95 0.98 <0.047

No. of

medications

1.4 1.03 1.80 0.31 0.14 <0.029

ZBS Zur Balance Scale
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Table 3 Single fall during the last 2 years

Variable No fall (n ¼ 57) Single fall (n ¼ 7) p-value

Age, years (mean � SD) 83.2 (5.1) 84.7 (5.5) 0.47

ABC 1,076 (371) 1,029 (303) 0.75

No. of medications, median (Q1, Q3) 6.0 (5.0, 7.0) 6.0 (5.0, 9.0) 0.56

No. of diseases, median (Q1, Q3) 5.0 (3.0, 5.0) 6.0 (3.0, 7.0) 0.37

Past fall, n (%) 0.010

No 55 (96%) 5 (71%)

Yes 2 (4%) 2 (29%)

ZBS_51, n (%) 0.015

�51 35 (74%) 2 (29%)

<51 12 (26%) 5 (71%)

VORf, n (%) 0.30

Negative 21 (38%) 1 (17%)

Positive 34 (62%) 5 (83%)

VORf_ZBS, n (%) 0.038

No VORf_ZBS �51 11 (24%) 1 (17%)

VORf_ZBS �51 22 (49%) 1 (17%)

No VORf_ZBS <51 5 (11%) 0 (0%)

VORf_ZBS <51 7 (16%) 4 (67%)

Hallpike, n (%) 0.012

Negative 47 (85%) 2 (40%)

Positive 8 (15%) 3 (60%)

ABC Activities-Specific Balance Confidence, VORf Vestibulo-Ocular Reflex Function, ZBS Zur Balance Scale

Table 4 Two or more falls during the last 24 months

Variable No falls (n ¼ 57) More than one fall (n ¼ 11) p-value

Age, years (mean � SD) 83.2 (5.1) 82.8 (4.6) 0.80

ABC 1,076 (371) 874 (331) 0.10

No. of medications, median (Q1, Q3) 6.0 (5.0, 7.0) 8.0 (6.0, 10.0) 0.015

Past fall, n (%) <0.001

No 55 (96%) 7 (64%)

Yes 2 (4%) 4 (36%)

BBS_45, n (%) 0.049

�45 51 (93%) 8 (73%)

<45 4 (7%) 3 (27%)

ZBS_51, n (%) 0.007

�51 35 (74%) 3 (30%)

<51 12 (26%) 7 (70%)

VORf, n (%) 0.20

Negative 21 (38%) 2 (18%)

Positive 34 (62%) 9 (82%)

VORf_ZBS, n (%) 0.027

No VORf, ZBS �51 11 (24%) 1 (10%)

VORf, ZBS �51 22 (49%) 2 (20%)

No VORf, ZBS <51 5 (11%) 1 (10%)

VORf, ZBS <51 7 (16%) 6 (60%)

ABC Activities-Specific Balance Confidence, VORf Vestibulo-Ocular Reflex Function, ZBS Zur Balance Scale, BBS
Berg Balance Scale
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confidence and self-esteem to maintain balance.

Post hoc tests revealed that the predictive effect

on multiple falls of a combination of VORf defi-

cit and ZBS score was due to significant

differences in the proportion of subjects who

had ZBS score <51 and VORf deficit (60%

experienced a fall) compared to subjects who

had ZBS score >51 and VORf deficit (11%

fell), p ¼ 0.027. That indicates that the ZBS

score predicted a fall and not the VORf deficit.

Table 5 shows the best parameters for

predicting two falls or more. The model shows

the effects of past falls and number of

medications as significant predictors. A partici-

pant who had a past fall was 8.9 times more

likely to fall again than the one who did not

fall. More medications were associated with

increased likelihood of falling (OR 1.4). The

ZBS was a borderline significant risk factor

(OR 3.9) for multiple falls in this group.

4 Discussion

The objective of this prospective, cohort study

was to determine the parameters that predict falls

among the elderly living independently in the

community. The three main parameters deter-

mined were the clinical ZBS test, a fall in the

past 6 months, and taking several medications.

The ZBS rather than the BBS was found a better

clinical test to assess balance disorders and to be

a predictor of future falls in the elderly with mild-

to-moderate balance disorders. A low ZBS score

of 50 points or less is an expression of dysfunc-

tional integration of three sensory systems. In a

previous study, the ZBS was found to be as good

as the BBS as a retrospective predictor of future

falls (Zur et al. 2016). The advantages of the

ZBS, compared to the BBS, are that it is quicker

to administer and does not have a ceiling effect.

The ZBS is sensitive for mild-to-moderate bal-

ance dysfunctions.

A history of a fall in the past 6 months is an

important parameter related to predicting future

falls. A previous fall increases the risk for the

next fall by 9-fold. It is essential to ask patients

about their fall history to learn about the risk of

falling. The number of prescribed medications

was an additional predictor of multiple falls.

Jyrkkä et al. (2011) have reported that at least

10 medications are related to increased risk.

However, we found that taking more than

6 medications increased the risk of falling by

1.36-fold compared to taking fewer medications.

The situation is certainly much more complex

than the number of prescribed medications,

because each medication influences another.

We administered several clinical

examinations to determine which one could dif-

ferentiate older individuals at risk of falling. We

used the Hallpike maneuver for vestibular func-

tion and three oculomotor examinations to assess

the function of vestibular ocular reflex: the Head

Impulse, Head Shaking, and Dynamic Visual

Acuity tests. We used the BBS and ZBS to assess

balance. In a retrospective study of 169 indepen-

dent older adults, Zur et al. (2006) found a sig-

nificant difference between fallers and

non-fallers related to VORf deficit. In the present

study, we hypothesized that VORf deficit would

be one of the main parameters to predict the next

Table 5 Regression analysis for multiple falls

Parameter Category

Odds

ratio

95%Wald lower

CI

95%Wald upper

CI

Log odds

ratio

Standard

error

p-

value

Intercept �5.01 1.53 0.001

ZBS_51 <51 vs.
�51

3.9 0.69 21.76 1.36 0.88 0.123

Past falls Yes vs.
no

8.9 1.04 76.70 2.188 1.1 0.046

No. of

medications

1.4 1.01 1.99 0.347 0.17 0.045

VORf Vestibulo-Ocular Reflex Function, ZBS Zur Balance Scale
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fall, but it was not. One explanation might be a

small sample size, which was less than half that

of the previous study outlined above (Zur et al.

2006). Secondly, we believe that older adults

unconsciously learn to compensate for chronic

VORf deficit by walking slowly, moving their

eyes instead of their head and walking either

with a stiff ankle strategy or stiff neck strategy

(Collins and De Luca 1993). Although, VORf

with ZBS <51 was significantly different

between the groups (Table 1; p < 0.005), the

VORf alone was not included in the regression.

We believe that a larger population and more

accurate examination data, for example, with

video head impulse test, could demonstrate the

differences.

The Hallpike maneuver demonstrated signifi-

cant differences between the groups related to a

single fall (Table 3; p< 0.012). This information

is important for patients with benign paroxysmal

positional vertigo (Herdman 1994; Epley 1992;

Semont et al. 1988). The ZBS and BBS scores

differed significantly between multiple fallers

and non-fallers. The BBS is very well-known,

but it was established for neurology patients

and others with severe balance dysfunction

(Muir et al. 2008). For independent people who

walk easily without assistive devices, the tasks

are too easy, and many will score high even

though they have poor balance. This means that

there is a ceiling effect and the scale is not

suitable for these individuals. The ZBS is more

difficult for patients with severe imbalance, but

suitable for people with mild-to-moderate bal-

ance disorders.

To determine which questionnaire would

demonstrate the difference between fallers and

non-fallers better, we used the ABC, SAST, and

UCLA-DQ questionnaires. The results were not

significantly different between the groups. Only

the ABC demonstrated a trend. The fallers had

lower self-confidence than the non-fallers did

(58% vs. 67%, respectively).

The weakness of the current study lies with

the outcome measures used, which were clinical

tests, rather than laboratory assessments, such as

video head impulse test and force plate for sway

velocity. Another limitation relates to actual

reports of falls. A fall has a negative connotation;

therefore, it is likely that fewer falls were

reported than occurred. A low frequency of falls

might suggest that falls with injuries were mostly

captured and some minor falls might have been

missed, documented improperly, or were not

reported due to embarrassment.

5 Conclusions

Early detection of balance disorders and the abil-

ity to predict the risk of falling are very important

for rehabilitation. It is well-known that vestibular

and balance training could prevent or postpone

the next fall (Yang et al. 2012). One must keep in

mind that individuals who engage in risky health

behaviors often lack motivation to seek help

(Dale and Lee 2016). Yet, health care providers

need to emphasize primary prevention for health

promotion. Fall prevention is one of the most

important health issues for older adults. The

number of prescribed medications, history of

falls, and the ZBS score were found to be appro-

priate parameters for detecting risk for falling.

We believe that the examination of vestibulo-

ocular reflex function for dizziness and the Zur

Balance Scale should be included in the routine

assessments for balance disorders among older

adults. However, when severe balance deficits

are present, the Berg Balance Scale should be

the first choice.
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