&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Postural stability during dual- and triple-task conditions: The effect of different levels of physical
fitness in older adults

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/1742528 since 2023-02-28T08:26:12Z

Published version:
DOI:10.1016/j.scisp0.2020.02.012
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

24 December 2024



UNIVERSITA
DEGLI STUDI
DI TORINO

IT1S AperTO

This is the author's final version of the contribution published as:

Brustio, P.R., Rainoldi, A., Petrigna, L., Rabaglietti E., & Pizzigalli L. (In Press) Postural stability
during dual and triple-tasks in older adults: the role of sport activities. Science and Sports. doi:
10.1016/j.s¢isp0.2020.02.012

The publisher's version is available at:
10.1016/j.scisp0.2020.02.012

When citing, please refer to the published version.

Link to this full text:
https://www.sciencedirect.com/science/article/pii/S0765159720300733

This full text was downloaded from iris-Aperto: https://iris.unito.it/

iris-AperTO

University of Turin’s Institutional Research Information System and Open Access Institutional Repository


https://doi.org/10.1016/j.scispo.2020.02.012
https://doi.org/10.1016/j.scispo.2020.02.012
https://www.sciencedirect.com/science/article/pii/S0765159720300733
https://iris.unito.it/

Postural Stability During Dual- and Triple-task Conditions: the Effect of Different
Levels of Physical Fitness in Older Adults

Stabilité posturale en situation de double ou triple tache: effet de différents

niveaux de condition physique chez les personnes agées

Paolo Riccardo Brustiol, Alberto Rainoldil, Luca Petrignal, Emanuela Rabaglietti?, Luisa

Pizzigallil

Affiliation
I NeuroMuscularFunction Research Group, School of Exercise and Sport Sciences,
Department of Medical Sciences, University of Torino, Torino, Italy

2 Department of Phycology, University of Torino, Torino, Italy

Short title: Dual- and triple-tasks in sport activities



Postural Stability During Dual- and Triple-task Conditions: the Effect of Different
Levels of Physical Fitness in Older Adults

Stabilité posturale en situation de double ou triple tache: effet de différents

niveaux de condition physique chez les personnes agées



Summary
Objectives: Postural stability is showed to decline with age and to be particularly
challenging for older people during multitasking activities. However, the effect of different
levels of physical fitness on postural stability performances during multitasking remains
unclear. This cross-sectional study aimed to investigate the impact of dual-task (DT) and
triple-task (TT) performances on postural stability among older adults with a different
level of physical fitness (i.e., master cyclists and physically active), and to compare them
with healthy Untrained older and young adults.
Equipment and methods: Seven master cyclists (mean age 70+3 years), 7 physically
active older adults (mean age 73+1 year) 10 Untrained older adults (mean age 73+3
years) and 10 Untrained young adults (mean age 25+2 years) participated to the study.
Data were recorded during: 1) a quiet upright stance task (single-task) and while
performing an additional (dual-task) 2) manual, 3) cognitive task or 4) manual and
cognitive task concurrently (triple-task). Area and Perimeter described by the center of
pressure and mean velocity in anterior-posterior and medio-lateral directions were
analyzed.
Results: Generally, a decrease in postural stability variables (Area, Perimeter, Mean
Velocity in anterior-posterior and medio-lateral directions) was observed during dual
and triple-task in all groups (all p values < 0.05). A general worse postural stability was
observed in Untrained older adults compared to young adults in manual and cognitive DT.
Moreover, Untrained older group showed worse values in Area, Perimeter, Mean Velocity
in anterior-posterior and medio-lateral directions related to Untrained young group
(percentage differences: 243.3, 76.4, 107.7 and 51.1 % respectively, all P values < 0.05)
during triple-task performance. Additionally, the results showed a trend toward better
postural stability of master cyclists and physically active older adults compared to
Untrained older adults in single- rather than in dual- and triple-task performance.
Conclusion: The results underlined that to be a cyclist or to be physically active during
aging are beneficial to maintain postural stability during multitasking activity and

consequently to decrease the risk of falling observed in aging.

Keywords: multitasking; balance; sport; older adults.



Résumés

Objectifs : Il a été montré que la stabilité posturale diminue avec 1'age et constitue un défi
particulier pour les personnes agées lors d'activités multitaches en raison d'une demande
importante du systéme nerveux central et des ressources cognitives. Cependant, I'effet de
différents niveaux d’aptitude physique sur la stabilité posturale lors de performances
multitadches reste inconnu. Le but de cette étude transversale était d'évaluer I'impact des
performances a double et a triple tache sur la stabilité posturale chez les personnes agées
avec différents niveaux de condition physique (c’est-a-dire des cyclistes séniors et des
personnes physiquement actives), et de les comparer a des personnes Aagées
physiquement inactives et de jeunes adultes.

Matériel et méthodes : Sept cyclistes séniors (age moyen: 70+3 ans), 7 adultes plus agés
physiquement actifs (a4ge moyen : 73+1 an), 10 adultes plus agés physiquement inactifs
(age moyen: 73£3 ans) et 10 jeunes adultes physiquement inactifs (dge moyen: 25+2 ans)
ont participé al'étude. Les données ont été enregistrées lorsque: 1) le sujet se tient debout
(tache simple), 2) debout, il réalise une tache manuelle qui est la prise d'un verre (double
tache), 3) debout, il réalise une tache cognitive qui est celle d’'un comptage, 4) debout, il
réalise une tache cognitive et manuelle (triple tache). La zone et le périmetre décrits par
le centre de pression et la vitesse moyenne dans les plans antéro-postérieurs et médio-
latéraux ont été analysés.

Résultats : De maniere générale, une diminution des variables de stabilité posturale
(zone, périmetre, vitesse moyenne dans les plans antéro-postérieurs et médio-latéraux)
a été observée lors de I'exécution de double et de triple tache dans tous les groupes (toutes
les valeurs de p < 0,05). De plus, un controle postural mineur a été observé chezles adultes
agés physiquement inactifs par rapport aux jeunes adultes physiquement inactifs tout en
effectuant une tache manuelle et cognitive supplémentaire. De surcroit, le groupe des
personnes agées physiquement inactives a montré des résultats moins performants pour
ce qui est de la zone, du périmetre, de la vitesse moyenne dans les plans antéro-
postérieurs et médio-latéraux par rapport au groupe de jeunes physiquement inactifs
(différences en pourcentage : 243,3,76,4,107,7 et 51,1%, toutes valeurs p < 0,05) au cours
de I'exécution de la triple tache. En outre, les résultats ont montré une tendance a une
meilleure stabilité posturale chez les cyclistes séniors et les adultes plus agés
physiquement actifs par rapport aux adultes plus agés physiquement inactifs, pour les

taches simples ainsi que lors des performances a double et triple tache.



Conclusion: Les résultats ont souligné que la pratique de sports et d'activités physiques
au cours du vieillissement peut étre bénéfique pour maintenir la stabilité posturale lors
d'activités multitaches et, par conséquent, pour réduire le risque de chute observé lors du

vieillissement.

Mots-clés : multitache ; équilibre ; sport ; personnes agées.



1. Introduction

Postural stability is a fundamental skill in humans, especially in old age. However, with
aging, postural stability decreases because of changes in brain structure (i.e., gray and
white matter), sensorimotor dysfunction and muscle weakness increasing body
imbalance, risk of falls and subsequent injuries [1, 2]. Specifically, the maintenance of
upright body posture depends on the integration of information provided by the visual,
vestibular and somatosensory systems which decline with age [3]. Thus, in order to
compensate, the attentional demands of postural balance control increase [4].

Typically, the dual-task (DT) paradigm has been used to investigate and examine
the interaction between attentional resources and postural stability, and it consists in
performing a primary static or dynamic task, while simultaneously carrying out an
additional task that could be cognitive or manual [5, 6]. An example is the worst
performance obtained during a cognitive task like a simple verbal assignment proposed
during Romberg’s position and this is more evident in elderly than in young adults [7].
The changes in postural stability under DT conditions are particularly pronounced and
challenging for older adults [8], especially for those with a balance impairment and/or
history of fall [4, 9]. It seems due to the interference, as the result of the interaction
between two tasks (i.e., the stability and the additional task), leads to a competing demand
for attentional resources. Therefore, older adults show postural instability due to a
reduction of the available attentional resources [4] and the greater request of attention
resources [4, 10].

Several studies showed that multicomponent and dual-task training [9, 11-15]
may could improve physical function in older age. Moreover, it has been noted that master
athletes (e.g., runners), after having unexpectedly moved backwards the standing
platform, they were able to regain the imbalance faster and more frequently without
stepping compared to sedentary older adults [16]. Master athletes presented similar
postural sways such as middle-aged athletes, when standing upright [17], as well as young
adults during one leg standing with open eyes, but not with closed eyes [18]. Indeed, both
healthy older adults and master athletes showed similar trend when visual feedback was
removed. Similarly, Lamoth and colleagues [19] investigated DT performance older ice-
skaters and the authors found that the athletes were more stable than sedentary older

adults and a similar stability to sedentary young adults. From this, the beneficial effect of



a long-term sport activity has been noted. Indeed, older speed skaters showed levels of
stability similar to young adults.

However, to our knowledge, few studies have investigated the effect of different
levels of physical fitness on postural stability performances during DT and triple-tasks
(TT) in older adults. A description of the difference in the role of physical activity on
postural stability during DT and TT may be useful to better understand the aging process
and the consequent impact of such a kind of exercises in everyday activities. Thus, the
general purpose of this study was to investigate the impact of DT and TT performances
on postural stability among older adults with a different level of physical fitness (i.e.,
master cyclists and physically active), and to compare them with healthy Untrained older
and young adults. Therefore, the specific purposes of the study were to evaluate (1)
posture changes occurring during a manual/cognitive DT and TT performance in
comparison with the only single-task (ST) among the groups, and (2) to examine such
difference among master cyclists, physically active older adults (i.e., older adults engaged
in a low-impact fitness program), Untrained older adults, and Untrained young adults
during manual/cognitive DT and TT conditions.

We expected to find a decreasing trend in postural stability during DT and TT in
comparison with the ST performance. Moreover, according to previous research [19, 20]
we expected to find better postural stability in master cyclists and physically active older
adults than in Untrained older adults, as well as a worse performance in Untrained older

adults compared to Untrained young ones.

2. Methods

2.1 Participants

A convenience sample of thirty-four healthy males were recruited from local senior social
center of Torino and university campus (North Italy), including 7 master cyclists aged >
65 years (Master Cyclists; age=70+3 years; height=173+6 cm; weight=76+8 kg;
BMI=25.1+2 kg/m2); 7 physically active older adults aged > 65 years (Physically Active
Older; age=73+1 years; height=168+6 cm; weight =74+5 kg; BMI=26 *1 kg/m?); 10
Untrained older adults aged > 65 years (Untrained Older; age=73+3 years, height=169+7
cm, weight=78+1 kg, BMI=27+2 kg/m?2); 10 Untrained young adults aged from 20 to 30
years (Untrained Young; age=25+2 years, height=178+7 cm, weight=69+5 kg, BMI=21+1

kg/m?). Each subject filled a self-report questionnaire on current exercise activity. The



Master Cyclists group has been practicing cycling and training for more than 5 years four
times a week for at least 60 min per session. They were regularly registered in a
competitive sports club and participated in at least one competition during concurrent
and previous seasons. The Physically Active Older group has been practicing fitness
activities and training for more than 5 years, three times a week (at least 60 min per
session) as previously defined [21]. Differently, the Older and Young groups were not
enrolled in any exercise program and did not report any practice of regular moderate and
vigorous physical activity or to improve physical fitness and general health in the last five
years [22, 23]. The number of participants was defined considering the number of eligible
Master Cyclists.

Participants were included if showed (1) a Mini-mental Status Examination [24]
score = 24 or higher, (2) no physical problems that could affect postural stability, (3)
ability to walk without assistant device, (4) no history of previous falls, (5)
comprehension of simple instructions, (6) ability to perform simple arithmetic exercises
and to carry a glass of water, and (7) to be naive to the study.

All the participants provided their written informed consent in accordance with
[talian law and the ethical code of the American Psychological Association (APA) and
according to the ethical standards stated in the 1964 Declaration of Helsinki. This study

was approved by the local ethics committee.

2.2 Measurements

A stabilometric platform (TecnoBody PROKIN PK 214 P, Bergamo, Italy) with a diameter
of 40 cm and housed three strain gauges placed at 120° has been used to quantify postural
sways. These sensors had 0.48 N of maximal resolution, they were auto-calibrated and
data were acquired with a frequency of 20 Hz. The stabilometric platform software
provided the following postural stability parameters: the 90% ellipse area (Area; mm?)
and the sway path (Perimeter; mm) described by CoP, and the mean velocity in anterior-
posterior (Mean Velocityar) and medio-lateral (Mean Velocitym.) directions (mm/s) [25,
26]. The Area describes the area of the 95% confidence ellipse around the CoP trajectory.
The Perimeter describes the length of the total CoP trajectory during the measurement.
Mean Velocityar and Mean Velocitym. were calculated as average velocity of CoP
displacements in the sagittal and frontal planes, respectively. CoP measures have shown

to be reliable [27, 28].



2.3 Procedures
All tests were performed in one day in the morning and each participant took 60 minutes
approximately to complete them. The same investigator conducted all tests. Each
participant completed the test session composed of the following four upright standing
task conditions:

(1) simply maintaining an upright standing position (ST);

(2) maintaining an upright standing position and holding a glass of water (filled up to 10
mm from the rim) in their preferred hand (manual DT) [5];

(3) maintaining an upright standing position and counting backwards 7 from a randomly
selected number included in a range of 100-200 (cognitive DT) [29-31];

(4) maintaining an upright standing position and simultaneously holding a glass of water
and counting backwards from a randomly selected number included in a range of
100-200 (TT).

To minimize external disturbances, all measurements were carried out in a quiet,
well-lit room suitable for such a purpose [25]. The participants were barefooted (with
heels touching and metatarsal phalangeal joints in contact) and instructed to look straight
ahead at a marked X on the wall [25, 32]. Each participant was tested in orthostatic
position for a total time of 60 s [33], followed by a rest period of 5 minutes [7].

Before testing, trained researchers gave standardized verbal instructions
regarding the procedure by means of a visual demonstration. Participants performed one
not recorded trial to familiarize with the tasks. During DT and TT performances,
participants did not receive any explicit instructions regarding task priority and trials

order was randomized [29].

2.4 Statistical analysis
Means and standard deviations were calculated for all data. Data distribution was
examined using the Shapiro-Wilk test. The assumption of normality for the outcome
variables in the different groups was not satisfying for all group combinations (all p values
< 0.05), thus non-parametric analyses were used.

To determine the within-subject difference in each condition (i.e., ST, manual DT,

cognitive DT, and TT), a Friedman test was conducted among the different groups.
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Separately Kruskal-Wallis tests were conducted to determine the differences
among the groups (i.e.,, Master Cyclists, Physically Active Older, Untrained Older, and
Untrained Young groups) in different task conditions (ST, manual DT, cognitive DT, and
TT).

Subsequently, pairwise comparisons with a Bonferroni correction were computed
to identify statistically significant differences between tasks and groups. Effect size for
post-hoc comparison was calculated and reported according to the following effect
ranges: small (0.1), medium (0.3) and large (0.5) [34].

The Statistical Package for Social Sciences (SPSS 24.0 for Windows) and the
statistical software GraphPad Prism 6.0 (San Diego, California, USA) were used for all

statistical analyses. The significance level was set at p < 0.05.

3. Results

All 34 participants completed the testing procedure. Figure 1 a-d displays the means and
the standard deviations of the four centers of pressure parameters (i.e., Area, Perimeter,
Mean Velocityar and Mean Velocitywmw) in the different task conditions (i.e., ST, manual DT,
cognitive DT, and TT) separately for Master Cyclists, Physically Active Older, Untrained
Older and Young groups.

<Insert Figure 1 about here>

3.1 Within group differences
The results of Friedman test and the pairwise comparisons with a Bonferroni correction
are provided in Table 1.
<Insert Table 1 about here>

A significant difference was observed for Master Cyclists group in Perimeter.
Specifically, a higher value was observed in triple-task compared to manual DT
performance (percentage increase: 29.7 %, p < 0.05). Considering Physically Active Older
group, Friedman test yielded a significant difference in Perimeter and Mean Velocityar. A
higher value in Perimeter was observed in cognitive DT compared to ST (percentage
increase: 24.5 %, p < 0.05). Differently in Mean Velocityar, a higher value was observed in
cognitive DT performance compared to manual DT performances (percentage increase:
66.0 %, p < 0.05). The Untrained Older group showed significant differences in Area and

Mean Velocityar. A higher value in Area was observed in cognitive DT compared to ST
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(percentage increase: 23.9 %, p < 0.05), in triple-task compared to ST (percentage
increase: 64.8 %, p < 0.05) and in triple-task compared to manual-task (63.6 %, p < 0.05).
Concerning the Mean Velocityar, a higher value was observed in manual DT compared to
cognitive DT (percentage increase: 42.0 %, p < 0.05) and in manual DT compared to TT
(percentage increase: 35.0 %, p < 0.05). Finally, the Untrained Young group showed
significant differences in Perimeter. Perimeter value was higher in cognitive DT compared
to ST performance (percentage increase: 16.6 %, p < 0.05). For more details on p values

and relative effect sizes (r) see Table 1.

3.2 Between group differences
Table 2 shows the Kruskal-Wallis Test outcomes during the different task conditions.
<Insert Table 2 about here>

During ST performance, a significant difference was observed on Area, Perimeter,
Mean Velocityap, and Mean Velocitym. among the groups. Post hoc analysis revealed that
Untrained Older group showed higher values in Area, Perimeter, Mean Velocityap, and
Mean Velocitym. compared to Untrained Young group (percentage differences: 73.6, 71.0,
88.9 and 57.3 % respectively, all p values < 0.05). Additionally, a significant higher value
in Area was observed in Master Cyclists group compared to Untrained Young group
(percentage difference: 62.3 %, p < 0.05).

Concerning manual DT performance significant differences were observed in
Perimeter, Mean Velocityar, and Mean Velocitymi, but not in Area. Post hoc analyses
revealed statistically significant higher values in Perimeter, Mean Velocityap, and Mean
Velocitym. between the Untrained Older and Young groups (percentage difference: 63.0,
72.4 and 60.0 % respectively, all p values < 0.05).
Significant differences among groups were observed in Area, Perimeter, Mean Velocityap,
and Mean Velocitym. during cognitive DT. Post hoc analyses revealed significant higher
values in Area, Perimeter, Mean Velocityap, and Mean Velocitym.in Untrained Older group
compared to Untrained Young group (percentage difference: 116.97, 68.4, 91.9 and 53.9
% respectively, all p values < 0.05). Additionally, a higher value in Mean Velocityapr was
observed in Physically Active Older group compared to Untrained Young group
(percentage difference: 69.9 %, p < 0.05).

Finally, considering the TT performance significant differences among groups

were observed in Area, Perimeter, Mean Velocityar, and Mean VelocitymL. Post hoc
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analyses revealed that Untrained Older group showed higher values in Area, Perimeter,
Mean Velocityar, and Mean Velocitym. compared to Untrained Young group (percentage
differences: 243.3, 76.4, 107.7 and 51.1 % respectively, all p value < 0.05). Moreover,
Master Cyclists group showed higher value in Perimeter compared to Untrained Young
group (percentage differences: 50.11 %, p < 0.05). For more details on p values and

relative effect sizes (r) see Table 2.

4. Discussion

The purpose of this study was to assess the effect of different level of physical activity on
postural stability among older adults in DT and TT conditions. To this purpose, postural
stability (i.e., time course of CoP parameters) has been compared during quiet standing
with an additional manual or cognitive task (DT conditions) or in combination with both
tasks (TT condition).

In accordance with our hypothesis, it has been observed in older groups a general
decrease of the performance in CoP parameters, during both DT and TT conditions. These
results demonstrate that an additional task increases CoP parameters, due to the
interference of the attentional resources [8, 35]. However, accordingly with previous
studies [7, 36, 37] it has been observed a trend toward an improvement or similar results
in the CoP parameter during DT and TT compared to ST in young adults. It might be
possible that the external focus of the attention leads to greater automaticity in movement
control and consequently to a reduction of the sways [7].

Considering the secondary aim of this study, emerged, during both manual and
cognitive DT, and TT, CoP parameters of all older groups (i.e., Master Cyclists, Physically
Active Older and Untrained Older) were higher during ST, DT, and TT if compared to the
young group. Similarly, Unhjem and colleagues [20] found that young people compared
to strength-trained master athletes, recreationally active older adults and Untrained older
adults exhibited lower CoP velocity during 1-leg standing in association with a cognitive
task. These findings may suggest that older people present a greater instability compared
to young people [7], together with a poorer capability in attentional resources [4]. In
contrast to our hypothesis, no significant differences were found between Master Cyclists
or Physically Active Older and Untrained Older groups. However, the results of the study
showed a trend toward better postural stability in Master Cyclists, Physically Active Older

groups compared to Untrained ones. Generally, Master Cyclists, Physically Active Older
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groups showed better stability, not only in ST [16, 38], but also in DT and TT activities.
Interesting, CoP variables were similar in Master Cyclists and Physically Active Older
groups. Indeed, a larger difference was observed between Untrained Older and Untrained
Young groups, in both ST, manual or cognitive task (DT conditions) and in combination
with both tasks (TT condition). In an analogue way, Lamoth and colleagues[19] found that
older adults, practicing a sport challenging the postural stability (i.e., ice speed-skating),
presented similar results as young people. We might speculate that older adults, both
cyclists and physically active, may counteract the age-related changes in postural stability
corroborating the idea that physical and active exercises may lead to beneficial effects on
postural stability [19, 39].

Some limitations of this study have to be underlined. First of all, we categorized
our sample only based on the volume of exercise activity during the week and did not
consider the intensity and the volume of the exercise activity performed by the Master
Cyclists and the Physically Active Older group. Even if our definition to identify the group
was in line with previous studies [19] this aspect should be considered when interpreting
our results. Moreover, even if other studies [7, 38] suggested that anthropometric
parameters do not influence posturography in static tasks we did not performed
normalization data for height. This may be affect the results of the study [40]. Again, other
anthropometric factors, such as body fat that slightly influenced posturography in static
tasks [40-42], was not considered for the analysis. Thus, future studies are needed to
better investigate this aspect and the effect of different levels of physical fitness in older
adults during dual- and triple-task conditions. Finally, the relatively small sample size, the
recruitment of males only and the selection of only cyclists as athletes, did not allow us to
generalize the results to all older population. We only focused on postural stability and
not on cognitive and manual performance during DT and TT tests. This limitation did not
allow to investigate additional cognitive and manual task and the task prioritization which
are actually goals not included in herein study. Further research is needed to generalize
these findings and to investigate the differences related to the different sports activities

in older adults.

5. Conclusions
In conclusion, the study demonstrated an inverse relationship between postural

stability and DT and TT performance with a decrease of postural stability when the task
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difficulty is increased in master cyclists, physical active and Untrained older adults and in
young Untrained. Moreover, the data suggested a trend in which Untrained older present
worse postural stability if compared to master cyclists or physically active older adults
during DT and TT demonstrating that that the practice of sports activities (e.g.,, master
cyclists) and to be physically active may be beneficial to maintain postural stability during

multitasking activities in older age.
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Figure 1

Figure 1 (a-d) displays the mean and standard deviations of the four COP parameters in
the different task conditions (ST, MDT, CDT and TT) for Master Cyclists, Physically Active
Older Adults and Untrained Older and Younger Adults.

ST, single-task; MDT, manual dual-task; CDT, cognitive dual-task; TT, triple-task.

Notes: * denotes Bonferroni-adjusted p < 0.05, ** denotes Bonferroni-adjusted p < 0.01,
*#* denotes Bonferroni-adjusted p <0.01.
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Il Master Cyclists
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Sedentary Older
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Table 1. Friedman Test and post hoc comparison for postural stability measures

Task Effect
Group Variables Significative values
Kendall's
X3 W test
Master Area 3.857 0.18 0.277
Cyclists Perimeter 7971 0.38 0.047 Manual DT vs TT (p = 0.043; r = 0.89)
Mean Velocityar  6.369 0.30 0.095
Mean Velocitym. ~ 7.147 0.34 0.067
Physically Area 3.514 0.17 0.319
Active Older Perimeter 9.000 0.43 0.029 ST vs Cognitive DT (p = 0.043; r = 0.89)
Mean Velocityse 14410 0.69 0002  Manual DTvs Cognitive DT (p =0.004; r=
0.62)
Mean Velocitym.  0.810 0.04 .847
Untrained ST vs Cognitive DT (p = 0.038; r =0.53)
Older Area 8.880 0.30 0.031 STvsTT (p = 0.015; r=0.59)
Manual DT vs TT (p = 0.038; r =0.85)
Perimeter 6.960 0.23 0.073

Manual DT vs Cognitive DT (p = 0.034; r
Mean Velocityar  12.472 0.42 0.006 =0.79)

Manual DT vs TT (p = 0.019; r = 0.82)

Mean Velocityme 1915 0.06 0.590
Untrained Area 5.640 0.19 0.131
Younger Perimeter 0160 027 0.043 Manual DT vs Cognitive DT (p = 0.034;r =
0.69)
Mean Velocityar  7.410 0.25 0.060
Mean Velocitym. ~ 8.124 0.27 0.044

Notes: ST, single task; DT, dual-task; TT, triple-task. Area indicated the 90% ellipse area (mm?); perimeter indicated
the sway path (mm); Mean Velocityar indicated the mean velocity in anterior posterior direction (mm/s); Mean
Velocitywm. indicated mean velocity in medio-lateral direction (mm/s); r, effect size.
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Table 2. Kruskal-Wallis Test and post hoc comparison for postural stability measures

Group Effect

Task Variables Significative values
x2(3) n? p
ST Master Cyclists vs. Untrained Younger (p = 0.002; r = 0.71)
Ar 14.670 0.44 0.002
ca Untrained Older vs. Untrained Younger (p = 0.002; r = 0.68)
Perimeter 12.841 0.39 0.005 Untrained Older vs. Untrained Younger (p = 0.002; r = 0.68)
Mean Velocityap 12.968 0.39 0.005 Untrained Older vs. Untrained Younger (p = 0.001; r =0.72)
. Master Cyclists vs. Untrained Younger (p = 0.007; r =0.65)
Mean Velocit 10.929 0.33 0.012
can VelocyML Untrained Older vs. Untrained Younger (p = 0.005; r =0.62)
Manual Area 2.584 0.08 0.460
DT Perimeter 12.672 0.38 0.005 Untrained Older vs. Untrained Younger (p < 0.001; r =0.81)
Mean Velocityap 10.182 0.30 0.017 Untrained Older vs. Untrained Younger (p < 0.001; r =0.73)
Mean Velocityme ~ 14.087 0.43 0.003 Untrained Older vs. Untrained Younger (p < 0.001; r =0.82)
Cognitive  Area 8.947 0.27 0.030 Untrained Older vs. Untrained Younger (p = 0.005; r =0.61)
DT Perimeter 11.616 0.35 0.009 Untrained Older vs. Untrained Younger (p = 0.002; r =0.68)
Physically Active Older vs. Untrained Younger (p = 0.007; r =
Mean Velocityap 12.426 0.38 0.006 0.64)
Untrained Older vs. Untrained Younger (p = 0.002; r = 0.66)
Mean VelocitymL 10.887 0.33 0.012 Untrained Older vs. Untrained Younger (p = 0.002; r = 0.67)
TT Area 14.434 0.43 0.002 Untrained Older vs. Untrained Younger (p < 0.001; r = 0.74)
. Master Cyclists vs. Untrained Younger (p = 0.001; r =0.73)
P t 17.850 0.54 00.001
erimetet Untrained Older vs. Untrained Younger (p < 0.001; r = 0.85)
. Master Cyclists vs. Untrained Younger (p = 0.002; r =0.72)
Mean Velocit 18.565 0.56 00.001
can velocttyar Untrained Older vs. Untrained Younger (p < 0.001; r =0.85)
Master Cyclists vs. Untrained Y. =0.007; r=0.65
Mean Velocitym.  13.011 039 0.005 aster Cyclists vs. Untrained Younger (p r=0.65)

Untrained Older vs. Untrained Younger (p < 0.001; r =0.77)

Notes: ST, single task; DT, dual-task; TT, triple-task. Area indicated the 90% ellipse area (Area; mmz); perimeter indicated the
sway path (mm); Mean Velocityap indicated the mean velocity in anterior-posterior direction (mm/s); Mean Velocitymw indicated
mean velocity in medio-lateral direction (mm/s); r, effect size.
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