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Abstract

Research shows that dual-task balance performance deficits serve as indicators which help predict
future falls among elderly people. The research investigated how fallers (people who experienced
two or more falls per year) performed compared to non-fallers during single and dual-task balance
assessments. The research involved 24 community-dwelling participants between 65 and 80 years old
who completed Balance Error Scoring System (BESS) and Timed Up-and-Go (TUG) tests while
performing serial-7 subtraction. The study results showed that fallers made more BESS errors
(M=18.4+4.2 vs. 11.2+3.1) and their dual-task TUG times were longer (M=14.8+2.1s vs. 11.2+1.5s) than
non-fallers. The dual-task performance of fallers showed a significant decline of 25.4% compared to
non-fallers who experienced a 12.1% decline (F(1,22)=8.92, p=.007, 1?=.29). The research findings
indicate that fallers experience more significant cognitive-motor interference which supports dual-
process models. The research supports the need for motor-cognitive screening and training programs
to prevent falls.

Keywords: balance; dual-task; falls; older adults; BESS; TUG

Introduction

Older adults experience the most injuries from falls which result in disability and cost healthcare
systems billions of dollars annually (Salari et al., 2022; Centers for Disease Control and Prevention,
2024). The risk of falls increases when people perform dual tasks because they need to maintain their
balance while processing information (Khan et al., 2022).

Research shows that older adults who fall experience higher dual-task costs (DTC) because their
central resources weaken and their postural movements become less automatic (Li et al., 2020; Pike
et al., 2023). The Balance Error Scoring System (BESS) measures static balance by tracking sway
movements during unipedal stances on different surfaces which shows differences between groups
regarding error accumulation. The instrumented Timed Up-and-Go (TUG) test evaluates dynamic
balance by measuring gait speed changes when participants perform serial subtraction tasks. The
dual-task TUG test shows excellent ability to predict future falls with an AUC value of 0.85 (Abou et
al., 2022).

The study investigated how older adults with two or more annual falls performed differently
from non-fallers during single and dual-task balance assessments.

Method

Participants

The study included 24 community-dwelling older adults between 65 and 80 years old who were
divided into two groups of 12 participants each. The study included 12 participants in each group
who were either fallers (22 falls in the past 12 months) or non-fallers (no falls). The study recruited
participants through local senior centers and advertising efforts. The study included participants who
could walk independently without using any walking aids. The study excluded participants who had
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neurological conditions or recent lower-limb surgery or severe visual or hearing problems or Mini-
Mental State Examination (MMSE) scores below 24. The participants reported their fall history
through a standardized questionnaire which defined two or more falls as per CDC criteria (Centers
for Disease Control and Prevention, 2024).

Ethical approval: The study involved a non-interventional, minimal-risk protocol with
community-dwelling older adults and was conducted in Italy in accordance with national regulations
on research involving human participants and with the principles of the Declaration of Helsinki. At
the time the study was conducted, formal review by a research ethics committee was not sought.

Informed consent: All participants were informed about the study procedures and provided
written informed consent prior to participation, in accordance with the Declaration of Helsinki

Measures

The Balance Error Scoring System (BESS) evaluated static balance through its 6-stance protocol
which included double-leg and single-leg and tandem stances with eyes open or closed on firm or
foam surfaces for 30 seconds each (total errors range from 0 to 60). The instrumented Timed Up-and-
Go (TUGQG) test evaluated dynamic balance through its assessment of chair-rise followed by 3-meter
walking and turning and chair-return (GAITRite mat timing). The test required participants to
perform serial-7 subtraction from 100 during the dual-task condition. The dual-task cost (DTC)
calculation used the formula [(dual-single)/single] x 100 to determine performance decline (Montero-
Odasso et al., 2012). The TUG dual-task test serves as a strong predictor for future falls because it
achieves an AUC value of 0.85 (Abou et al., 2022).

Procedure

The testing took place in a laboratory space that maintained temperatures between 20-25 °C. The
participants performed three single-task trials consisting of BESS full and TUG plain followed by
three dual-task blocks that were presented in a counterbalanced order with 1-minute rest periods.
The researchers provided standardized instructions to prevent practice effect interference while
recording all errors and correct subtractions.

Statistical Analysis

The research team performed Shapiro-Wilk tests for normality assessment and Mauchly’s test
for sphericity evaluation. The research used a 2 (group: fallers/non-fallers) x 2 (condition: single/dual)
mixed ANOVA design to evaluate BESS errors and TUG times while calculating DTC as an additional
analysis. The research team performed Bonferroni post-hoc tests at a = .05 to determine significant
differences while reporting partial 12 effect sizes. The research team performed their analyses using
SPSS version 28.

Power analysis (G*Power) showed that the study’s sample size of 24 participants would detect
medium effects (£=0.40, power=0.80)Results

Participant Characteristics

The research study received data from twenty-four participants who took part in the study
(Table 1). The study found no statistical differences between fallers and non-fallers regarding their
age (73.1+4.5 vs. 71.5+3.9 years) or their BMI (26.4+2.1 vs. 25.8+1.8 kg/m?) or their MMSE scores
(27.8+1.2 vs. 28.2+1.0). The participants who fell reported an average of 3.2+1.1 falls during the
previous year.
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Table 1. Participant Demographics.

Characteristic ~ Fallers (n=12) Non-Fallers (n=12) t(22) p

Age (years) 73.1+4.5 71.5+3.9 0.89 |1385

BMI (kg/m?) 6.4 +2.1 25.8+1.8 0.78 |l444

MMSE P7.8+1.2 28.2+1.0 0.92 (1368

Falls (past year) B.2+1.1 D+0 - -
Static Balance (BESS)

A 2x2 mixed ANOVA on BESS total errors revealed main effects of group (F(1,22)=14.32, p=.001,
n?%=.39) and condition (F(1,22)=8.45, p=.008, 1)?=.28), plus groupxcondition interaction (F(1,22)=6.78,
p=-016, n?=.24). Fallers committed more errors overall (M=18.4+4.2 single-task, M=22.1+5.3 dual-task)
than non-fallers (M=11.2+3.1 single, M=14.8+3.9 dual; Figure 1). Bonferroni post-hoc confirmed
greater dual-task increment in fallers (p=.012).

Table 2. TUG Performance and Dual-Task Costs.

Measure Fallers Non-Fallers F(1,22) p n?

Single TUG (s) [11.8+1.7 [10.0+14  |25.67 |k.001 |54

Dual TUG (s) |[14.8+2.1 |11.2+1.5 2245 |.001 ||51

DTC (%) P54 +8.2 (12.1+£5.6 8.92 007 ||129
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Figure 1. BESS Errors by Group and Condition (bar chart: fallers red, non-fallers blue; single/dual; error bars +1
SE).

Pearson correlations indicated DTC positively associated with fall frequency (r=.62, p=.001). No
outliers violated assumptions.

Discussion

The research results validate our predictions by showing that older adults who fall experience
more severe static and dynamic balance problems when performing dual tasks than non-fallers do.
The results show that fallers performed worse on both BESS and TUG tests under dual-task
conditions than non-fallers did while showing larger dual-task cost increases (DTC: 25.4% vs. 12.1%).
The research supports dual-process models which state that automatic postural control deteriorates
with age so people must use more cognitive resources for multitasking (Woollacott & Shumway-
Cook, 2002). The study results show that fallers performed worse on BESS tests than non-fallers did
by 50-60% when performing tasks on unstable surfaces (Iverson et al., 2013) and TUG DTC >20% in
fallers validated its prognostic value (AUC=0.85; Abou et al., 2022).

The study results showed that participants who fell performed worse in dynamic tasks (1)?=.54
for group) which matches previous research findings about gait velocity reductions under cognitive
load in recurrent fallers (Pike et al., 2023). The postural priority hypothesis receives support from the
study because fallers tend to focus on stability during cognitive tasks which increases their risk of
falling in real-world situations (Li et al., 2020).

The combination of BESS and TUG dual-task tests provides healthcare professionals with a
practical method to identify fall risks through brief assessments that take only 5-10 minutes. The
research shows that motor-cognitive training programs which include rhythmic dual-task gait
exercises can decrease DTC by 20-25% (Khan et al., 2022).

The study results might not generalize to other populations because it included only 24
participants. Future research should conduct multisite studies with participant numbers exceeding
100 to achieve better generalizability. The study design used a cross-sectional approach which
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prevents researchers from establishing cause-and-effect relationships between variables. The
research needs to track DTC changes through longitudinal studies after intervention programs. The
study used standardized questionnaires to minimize self-reported falls risk recall bias according to
the Centers for Disease Control and Prevention (2024). The study did not include medication or
physical activity variables as control factors although the participants showed equivalent
demographic characteristics.

The research confirms that dual-task assessment methods provide better results for fall risk
evaluation while advancing perceptual-motor studies by measuring how aging affects balance
performance under cognitive interference.

Conclusion

The research shows that older adults who have fallen experience major static and dynamic
balance problems and increased dual-task interference when performing cognitive-motor tasks
compared to older adults without falls. The study demonstrates that BESS and TUG tests provide
effective group discrimination through their ability to detect significant differences between fallers
and non-fallers (n?=.24-.54). The research supports the use of these tests for clinical practice because
they help doctors identify fall risks more precisely than traditional single-task assessments.

Healthcare providers should perform dual-task assessments during annual geriatric evaluations
to identify patients who need specific training programs that combine balance and cognitive skills.
The implemented training programs have proven effective in reducing falls by 25-40% which enables
people to maintain their independence while decreasing healthcare expenses. Researchers should
conduct future studies to validate these measures through longitudinal assessments while
investigating neural mechanisms should be studied using neuroimaging techniques.

Table 3. Mixed ANOVA Summary.

Measure |Effect F(1,22) |p n>

BESS Group 14.32 (1001 ||39

Condition |(B.45 008 |28

[Interaction (.78 016 |24

ruG Group P5.67 |<.001 (|54

Condition [B2.14 |c.001 (|59

Interaction |[10.23 004 |132
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Figure 2. Dual-Task Costs (%) by Group (fallers: 25.4+8.2; non-fallers: 12.1+5.6; ***p<.01.
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