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Abstract 

Background: The impact of simultaneous cognitive demand on gait’s physiological complexity in 

community-dwelling older adults with and without self-reported falls is yet unknown. Objective: 

To analyze whether the physiological complexity of body sway during dual-task and single gait is 

worse in once-only fallers than in non-faller older adults. Methods: A total of 58 communi-

ty-dwelling older adults aged 60 to 80 participated in this study, of whom 21 had self-reported a 

single fall in the previous 12 months (fallers) and 37 matched participants with no fall self-reported 

(non-fallers). An inertial sensor (Physilog® 5, Gait Up, Switzerland) was used to acquire the time 

series of the body center of mass (CoM) sway in the anteroposterior (AP), mediolateral (ML) and 

vertical (V) directions during single gait (ST) and the gait under dual task (DT). The composite re-

fined multiscale fuzzy entropy method was used to calculate the physiological complexity index 

(CI) in a MATLAB environment. SPSS (IBM; v.25.0) was used to analyze the effects of group (Fall-

ers vs. Non-fallers), condition (ST vs. DT), and interaction (group vs. condition), using generalized 

linear mixed models, with an alpha of 5%. Results: No interaction or group effect was observed for 

the CI. However, when comparing DT with ST, a main effect of the condition was observed for the 

AP direction (F = 62.394; p < .001) with a reduction of 0.53 (95% CI: -0.66 to -0.39), ML (F = 4.724; p = 

.034) with an increase of 0.22 (95% CI: 0.17 to 0.42), and V (F = 6.457; p = .014) with a decrease of 

0.17. Conclusion: Just one fall in the previous 12 months does not deleteriously influence the 

body’s physiological complexity during gait under concurrent cognitive demand (dual task). On 

the other hand, DT significantly affects the gait physiological complexity in community-dwelling 

older adults. 
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BACKGROUND 

Falls during walking in older adults1,2 occur mainly when simultaneously 

performing dual tasks3-5. Walking while talking, carrying objects6, or paying attention to 

traffic is very common in activities of daily living3-5. Motor and cognitive interaction 

during this type of activity is defined as a dual-task paradigm, in which the individual is 

required to successfully interact between postural control neural mechanisms and the 

competing cognitive or motor task6. 

Using linear analysis of gait kinematics has shown older people have reduced step 

length, increased double support phase, step width7, and increased gait variability8. 

These motor behaviors can be seen as conservative and compensatory strategies to 

minimize the influence of changes in dynamic stability induced by the dual task9. The 

analysis of the variation in trunk accelerations—usually represented by maximum and 
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minimum values, the root means square, and the oscillation range, among others—has 

also been used to better understand older adults’ gait10.  

Nevertheless, non-linear methods, such as entropy, go beyond the conventional 

linear approach, providing an in-depth view of the physiological complexity of 

biological signals11, especially the gait12. Multiscale entropy can be seen as a 

complementary way to understand the association between cognitive and motor 

behavior during gait. However, to our knowledge, the impact of simultaneous cognitive 

demand on gait’s physiological complexity in community-dwelling older adults with 

and without self-reported falls remains unknown. This information on postural control 

during gait can contribute to the development of future clinical trials to improve the 

performance of older adults during gait with and without cognitive demands, aiming at 

minimizing fall episodes. 

This study analyzed the physiological complexity of body sway during single and 

dual-task gait in once-only faller and non-faller community-dwelling older adults. Our 

hypotheses are: (i) the physiological complexity of body sway is not worse in once-only 

faller compared to non-faller community-dwelling older adults; (ii) regardless of group, 

the physiological complexity of body sway will be worse (lower) during gait under dual 

task compared to single one. 

METHODS 

Study design and ethical considerations 

This is an experimental cross-sectional study whose sample came from the main 

project called EQUIDOSO-I (Study on Falls in Older Adults), which was designed and 

developed in compliance with the National Health Council Resolution 466/2012, the 

Declaration of Helsinki and the World Health Organization’s and the International 

Committee of Medical Journal Editors’ recommendations. This study was approved by 

the Research Ethics Committee of the Integrated Center for Amaury de Medeiros Health 

(CISAM-UPE) (CAAE: 71192017.0.0000.5207, opinion number: 2.415.658). 

Sample 

A total of 58 community-dwelling older adults between 60 and 80 years old 

participated in the study. Twenty-one older adults who had suffered at most one fall in 

the past 12 months composed the fallers group (Fallrs). The non-fallers group 

(Non-fallers) was composed of 37 older adults who had no self-reports of falls in the 

same period.  

In this study, a fall was defined as ‘an unexpected event in which the participants 

come to rest on the ground, floor, or lower level’. The participants were asked if they 

had any fall episodes in the past 12 months, including a slip or trip in which they lost 

their balance and landed on the floor, ground, or lower level13. 

Eligibility Criterion 

        Participants who achieved ≥ 52 points (up to a maximum of 56 points) on the 

Berg Balance Scale14, ≥ 24 points (up to a maximum of 30 points) on the Mini-Mental 

State Examination15, and were able to walk uninterruptedly for a distance of 60 m at a 

self-selected speed of at least 1 m/s (without the aid of others or walking aids) were 
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included in this study. Potential participants were excluded if they (i) had any postural 

balance or cognition impairment, (ii) had fallen two or more times in the past 12 months, 

(iii) were participating or had participated in any regular, structured exercise program 

for two or more times per week in the past six months, (iv) had any chronic health 

condition for which exercise is contraindicated, (v) had upper- or lower-limb fracture in 

the past six months, (vi) had evidence of any surgical procedure on the knees, ankles, or 

hips or muscle damage in the past six months, or (vii) had a diagnosis of uncontrolled 

diabetes. 

Biomechanical analysis of gait 

Participants’ gait was analyzed during two conditions: (1) single task (ST) (gait task 

only), and (2) gait under a dual-task (DT). The data acquisition of both gait conditions 

occurred according to a random order for each participant. An inertial sensor (Physilog® 

5, Gait Up, Lausanne, Switzerland) was used for gait data acquisition. The Physilog® 5 

sensor is an inertial measurement unit (IMU) based on a stand-alone device (dimensions: 

50 mm × 40 mm × 16 mm; weight: 36 g), including a tri-axial accelerometer 

(MMA7341LT, range ± 3 g, Freescale, Austin, TX, USA), a tri-axial gyroscope (ADXRS, 

range ± 600 °/s, Analog Devices, Norwood, MA, USA), a battery (3.7 V, 155 mAh), a 

memory unit and a microcontroller. This sensor was fixed between the participant’s 

third and fifth lumbar vertebra with a hypoallergenic neoprene strip and a double-sided 

tape (3M). Before data acquisition, the participant had a habituation period to the 

biomechanics laboratory environment. 

The participant was asked to walk a linear distance of 60 meters (round trip) in a 

straight, flat corridor 30 meters long and 4 meters wide at a self-selected walking speed. 

For the dual-task gait, the participant was asked to perform a three-digit countdown 

from 100 until the end of the 60-meter route. If the participant finished the countdown 

before the route, they would be required to start a new countdown from 10016. 

The tri-axial acceleration of the sensor was sampled on a 16-bit digital-analog 

converter at a sampling frequency of 128 Hz and saved on a micro SD card inside the 

IMU before being transferred to the analysis computer17. The first two and two last 

cycles of each 30-meter stretch (beginning of the march, before and after turning through 

the signaling cone, and at the end of the task) were excluded in the data analysis stage, 

as they respectively represent the positive and negative gait acceleration phases18. 

Approximately 40 gait cycles for each gait condition were used to calculate each 

participant’s physiological complexity index (CI) in the MATLAB program using a 

refined composite generalized multiscale fuzzy entropy11. 

Statistical analysis 

Statistical analyses were performed using the Statistical Package for the Social 

Science (IBM SPSS version 22; IBM Corp., Armonk, NY), adopting a 5% significance 

level. Between- and within-group comparisons were performed using Generalized 

Linear Mixed Models (GLMM), considering the subjects as random factors and the 

conditions (ST and DT) as fixed factors. Q-Q graphs were plotted to verify each model’s 

adequacy (normality).  
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The effect sizes between each pair of estimated marginal means (EMM) 

comparisons were presented by the values of the mean difference (MD; mean difference) 

when comparing the groups (Fallers and Non-fallers) and by the mean change values 

(MC; mean change) when comparing conditions within each group19. MD values were 

produced by calculating the arithmetic differences between both groups of independent 

observations. MD values were calculated as the arithmetic difference between the EMM 

of the conditions DT minus ST. The Bonferroni post-test was used for multiple 

comparisons 

RESULTS 

Both groups were not different regarding demographic and anthropometric 

characteristics, as shown in Table 1.  

Table 1. Demographic and anthropometric characteristics of the fallers and non-fallers groups. 

Note: BMI = Body mass index. 

Fallers and non-fallers participants were not different regarding gait speed, as can 

be seen in Table 2. On the other hand, as shown in Table 2, the DT condition decreased 

gait speed in both the fallers (MC:- 0.11; 95%CI: -0.14 to -0.07) and the non-fallers 

(MC:-0.09; 95%CI: -0.12 to -0.06) groups when compared to ST, confirming a condition 

effect for gait speed (F = 67.837; p .001). 

No interaction effect was observed in the center of mass sway complexity index 

(CI) during gait for the AP (F = .190; p = .664), ML (F = .074; p = .786), and V (F = .403; p = 

.528). Additionally, no group effect was seen for AP (F = .018; p = .893), ML (F = .021; p = 

.885) and V (F = 1.351; p = .250) directions. 

When comparing CI between DT and ST, regardless of group, a main effect 

regarding the condition was observed for the AP direction (F = 62.394; p < .001), with a 

reduction of 0.53 (95%CI: -0.66 to -0.39), ML (F = 4.724; p = .034), with an increase of 0.22 

(95%CI: 0.17 to 0.42), and V (F = 6.457; p = .014), with a decrease of 0.17 (95%CI: -0.30 to 

0.04). 

 

Variable 
Fallers 

(n = 21) 

Non-fallers 

(n = 37) 
 

Sex   

Female (n; %) 18 (85.7) 32 (86.5)  

Male (n; %) 3 (14.3) 5 (15.5)  

 Mean (standard deviation)  p-value 

Age (years) 65 (5) 67 (5) 0.126 

Mass (kg) 69.34 (9.80) 69.23 (14.65) 0.976 

Height (m) 1.53 (0.06) 1.56 (0.07) 0.107 

BMI (kg/m2) 29.42 (4.01) 28.08 (5.10) 0.308 
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Table 2. Gait speed and complexity index of the fallers and non-fallers groups. 

Note: ST: Single task; DT: Dual task; MD: Mean difference; MC: Mean change; 95%CI: 95% confidence interval; MD and MC 

highlighted in bold indicate significant differences at 5%. 

DISCUSSION 

This study analyzed the physiological complexity of body sway during gait under 

variable- and fixed-priority dual-tasking in faller and non-faller community-dwelling 

older adults. The first hypothesis of this study was faller community-dwelling older 

adults would present less (worse) physiological complexity of body sway during gait 

than non-faller ones. However, no significant between-group difference was observed 

regarding gait conditions and physiological complexity. 

Older people who have self-reported at least one fall in the previous six months20 or 

one year21-23 are usually defined as fallers21,23,24. Nevertheless, some studies have found 

that older people who fell only once showed no significant changes in gait kinematics20 

and physiological measures such as visual contrast sensitivity, response time, body sway, 

quadriceps strength, and vibration perception25. On the other hand, a faller person has 

also been defined as someone who has had two or more falls in a given period21. This 

fact may explain the lack of significant difference between both groups in this study 

regarding the physiological complexity index during the execution of both gait 

conditions since once-only fallers and non-faller older adults were considered in this 

study.  

Furthermore, participants’ recall bias may have been an important factor in the 

results due to the limited accuracy of self-reported fall recall by older people26. Recalling 

some events in the previous three and six months has proven less accurate13. In a 

prospective study of 304 outpatients, 13 to 32% denied falling, depending on how long 

Variable 
Fallers 

(n = 21) 

Non-fallers 

(n = 37) 
 

 Mean (95%CI) MD (95%CI) 

Gait speed (m/s)   

ST 1.31 (1.25 to 1.36) 1.35 (1.29 to 1.40) -0.04 (-0.12 to 0.04) 

DT 1.20 (1.13  to  1.27) 1.25 (1.20 to 1.31) -0.05 (-0.15 to 0.03) 

MC (95%CI) -0.11 (-0.21 to -0.09) -0.09 (-0.17 to -0.02)  

Complexity index   

AP direction    

ST 4.05 (3.96 to 4.13) 4.05 (3.94 to 4.16) -0.00 ( -0.16 to 0.16) 

DT 3.97 (3.89 to 4.05) 3.87 (3.71 to 4.04) -0.09 (-0.13 to 0.33) 

MC (95%CI) 0.07 (-0.18 to 0.04) -0.17 (-0.26 to -0.08)  

ML Direction    

ST 3.51 (3.28 to 3.75) 3.50 (3.31 to 3.71) 0.01 (-0.32 to 0.34) 

DT 3.50 (3.30 to 3.71) 3.46 (3.29 to 3.63) 0.04 (-0.24 to 0.33) 

MC (95%CI) -0.01 (-0.15 to 0.12) -0.04 (-0.15 to 0.06)  

Vert Direction    

TS 2.90 (2.71 to 3.10) 3.11 (2.92 to 3.31) 0.21 (-0.51 to 0.09) 

DT 2.98 (2.80 to 3.18) 3.16 (2.95 to 3.39) -0.18 (-0.51 to 0.15) 

MC (95%CI) 0.08 (-0.06 to 0.23) 0.05 (-0.06 to 0.16)  
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after the event they were questioned. Although longer intervals were associated with 

lower falls recall26, some participants from the non-faller group could not neglect some 

fall events in the previous 12 months. 

The second hypothesis that both groups would present a lower physiological 

complexity of postural oscillation during gait under DT was partially confirmed since 

this measure was lower only in the AP (MC = 0,53) and vertical (MC = 0,17) directions. 

Conversely, the physiological complexity increased in the ML direction (MC = 0,22). A 

possible explanation for these results may be based on the oscillation characteristic 

observed in the gait cycle. Human gait is generally conceived as the cyclical rotation of 

the lower limbs, whose goal is the forward translation of the body system (represented 

mechanically by its center of mass). The lower limbs support an inverted pendulum 

toward minimizing muscle work from childhood to old age27. Once the toes are removed 

from the ground (known as toe-off), there is a gradual acceleration during the swing 

phase as the body is propelled forward28. The findings of this study suggest that the 

demand for a cognitive activity while walking caused older individuals to reduce 

complexity in two axes of movement (AP and ML), which was then compensated for by 

increasing the body’s ML oscillation complexity. 

The “complexity theory of aging” states that age-related changes in the quantity 

and quality of these components and their structural and functional connectivity reduce 

the system’s functionality and impair an organism’s ability to adapt to environmental 

stress29. According to this theory, the reduced complexity of postural sway has been 

linked to a decrease in the quantity and quality of sensory input to the postural control 

system30. Regulation of permanent postural sway requires the integration of numerous 

sensory, spinal, and supraspinal inputs, a range of cognitive functions, and the 

peripheral neuromuscular system29. There is a greater possibility of observing changes in 

the complexity index of postural oscillation compared to dual-task and single gait due to 

a greater need for interactions, sensory inputs, and integrating more systems in a 

situation that generates more significant stress or bodily demands. This can also be 

observed in the results regarding gait speed in DT since there was a reduction in this 

speed when older adults perform cognitive demands associated with walking. Thus, a 

compensatory mechanism may have occurred to compensate for the decrease in 

complexity during DT. 

It is worth highlighting that the main strength of this study was that we used an 

analysis tool that considers the structural richness of signals throughout a time series 

instead of restricting ourselves only to linear analyses, commonly reported by a large 

portion of literature. This allowed us to analyze in more detail the dynamic postural 

control during dual and single-task gait of older adults with and without self-reported 

falls in a previous period of 12 months. It is also important to highlight that the present 

study has some limitations. These results cannot be generalized to older adults reporting 

recurrent falls and to those individuals who live in long-term institutions or have some 

functional impairments. Furthermore, all participants in this study did not show 

cognitive impairment. It may be that older people with some cognitive impairment have 

their physiological complexity during walking under DT and ST more affected than 

older adults without cognitive impairment. 
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CONCLUSION 

Just one fall in the previous 12 months does not deleteriously influence the body’s 

physiological complexity during gait under concurrent cognitive demand (dual task). 

On the other hand, DT significantly affects the body sway complexity during gait in 

community-dwelling older adults. 
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