Visuomotor memory in elderly:
effect of a physical exercise program
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Abstract

Memory, namely visuomotor memory, is one of the most essential cognitive functions in elder's life.
Among others, reqular exercise seems to be an important factor in counteracting age-related-cognitive
skills changes and thus prevent memory loss. However, in spite of the importance of visuomotor memory,
the results of the scarce studies concerning the influence of exercise on this capacity are contradictory.
The aim of this study was to investigate the effect of physical exercise (PE) in visuomotor memory
(VMM) of elderly adults in function of gender and age. VMM (time spent in performing the test and
errors during the execution) of 74 subjects aged 60-90 years, being 36 practitioners of PE (P - mean age
of 70.22 + 0.90 years) and 38 non-practitioners (NP - mean age of 68.26 + 1.12 years) were assessed
by VMM Test. The results showed that: a) P presented a better performance in the time of performing
the test and in the number of errors committed compared to NP; b) Gender and age did not influence
the VMM performance. Data suggest that PE seems to have positive effect in the VMM, independently

of gender and age.

Kev worps: Aging; Visuomotor memory; Physical exercise.

Introduction

Aging is a complex dynamic, progressive and
irreversible process which is linked to biological,
psychological, cognitive and social factors'.
Cognitive aging is associated with decreases in
memory, attention, and visual/motor performance
and skills. Among others, forgetfulness is a common
complaint among older adults, being the visual
memory a form of memory which preserves some
characteristics of our senses pertaining to visual
experience and is linked to the relationship between
perceptual processing and the encoding, storage
and retrieval of the resulting neural representations.
The development of the spacial-visual perception
is a consequence of experience and it produces
certain patterns of representation that are kept in
one’s memory, with a progressive automation of the
activation of some of them, as in mental rotation.

With aging or any disease, its effects will interfere
in the subject’s spatial-visual representations’.

A recent study with animals aimed at examining
age-related changes in the detection of spatial novelty
(e.g., MAASBERG et al.?), namely, verifying if old rats
showed significant deficits compared to young rats
in detecting spatial displacement of objects, showed
that aged rats do not detect changes in object-place
associations when exploring an environment. In this
regard, some studies in elderly and young population
investigating the neural correlates of aging-related
changes during encoding and retrieval of spatial
contextual memory (e.g., Kukorja et al.¥) and aspects
of episodic memory (e.g., PLANCHER et al.”) concluded
that aging-related changes in neural activity associated
with impaired spatial memory, including episodic
memory. Fortunately, because the brain is capable
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of producing new brain cells at any age, significant
memory loss is not an inevitable result of aging®”.
Lifestyle, health habits, and daily activities seem to have
a huge impact on the brain health®. Among others,
regular exercise seems to be an important factor in
counteracting age-related-cognitive skills changes and
thus prevent memory loss. According to some authors
physical exercise (PE) is responsible for promoting
a higher cognitive well-being on subjects’"’. Some
studies found significant improvements on cognitive
functions after elderly participants practiced a single
session of aerobic exercise, contrary to the control
group'®"”. Moreover, regular exercise seems to boosts
brain growth factors and encourages the development
of new brain cells’. Additionally, exercise also reduces

Methods

Subjects

The study involves a sample of 74 elderly adults
(54 women and 20 men) aged between 60 and
91 years old, divided into two main groups: 36
practitioners of PE (P - mean age of 70.22 + 0.90
years) and 38 non-practitioners (NP - mean age of
68.26 + 1.12 years).

All the subjects had to be in perfect physical
and mental conditions to perform the visuomotor
memory test. The NP should not have participated
in any systematized PE program in the last 12
months and, on opposition, the P must be involved,

the risk for disorders that lead to memory loss, such
as diabetes and cardiovascular disease”**?!. According
to the AMERICAN COLLEGE OF SPORTS MEDICINE®,
memory, as well as attention and reaction time are
some of the points of the cognitive sphere that are
positively influenced by regular physical exercise.

Meanwhile, besides scarce, there are some
inconsistent results in studies that investigate the
improvement of cognitive functions caused by PE*.
In this way, it seems of importance to get a better
understanding about the effects of exercise on the
visual-spatial memory in elderly adults.

Thus, the aim of our study is to investigate the
effect of PE in visuomotor memory (VMM), of
elderly people considering gender and age.

for a period of two or more times a week, in some
kind of regular and systematic PE program in at
least the last 12 months.

Four women of NP were excluded because they
had musculoskeletal disorders that contra-indicate
participation in the testing.

Both samples were also splited in function of
gender and age (young elderly - from 60 to 70 years
old, and elderly - more than 71 years old).

The summary of the sample characteristics,
according to gender and age is illustrated in TABLE 1.

The study was approved by institutional review

board.

TABLE 1 - Summary of the sample characteristics. Number and percentage of subjects.

Characteristics of practitioners and non-practitioners of PE

Practitioners of PE

N (%)

Non-practitioners of PE

N (%)

Gender
Males
Females
Age
60 to 70 years old

71 or more

12 (16.2%)
24 (32.5%)

21 (28.4%)
15 (20.2%)

08 (10.8%)
30 (40.5%)

24 (32.5%)
14 (18.9%)

Participants in this study were tested individually
and all of them gave informed consent. All the
scientific procedures of this investigation followed

the “Ethical Principles for Medical Research
Involving Human Subjects”, from the World

Medical Association Declaration of Helsinki
modified in Edinburgh?®*.

Visuomotor memory test”. A square of 78.74 x
78.74 inch, perfectly delimited for a 74.80 inch high

panel off the ground was used. In this space three



points (A, B and C) were marked, being A (in the
middle of the sides of the square) the starting point,
B (placed in the diagonal of the sides of the square)
7.87 inch off the left corner, and C (also placed in
the diagonal of the square), 9.84 inch off the right
corner for the performance of the route.

Visuomotor memory in elderly

The Visuomotor memory test implies that subjects
goes from A to point B and thereafter to point C, and
from here return back to the starting point A. FIGURE
1 show the route followed in this study by the elderly
to assess their visuomotor memory and FIGURE 2

shows the apparatus of the visuomotor memory test.
78.741n.

78.741n.
-

39.37in.

FIGURE 2 - VMM Apparatus.

The elderly adults performed twice the route in
order to get familiar with the visuo-spatial information
(spatial codification) and to retain it in the memory.
Both courses were performed with eyes open and later-
on, at the test, the route was performed with the eyes
closed. The time spent in performing the route and the

number of errors committed was counted and registered
by the researchers. It was consider an error when the
participant gets away from the target, touches the panel
or uses the feet or the hands to get along the panel.
The maximum time of performance was settled in five
minutes, above which the test was considered null?.

Support with Stick: A\ ;
Panel: OO :
Performer: ‘l’ ;

Direction of the
Route: e .
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Data analysis

‘The independent variables were represented by practice
of PE, gender and age; the dependent variables were the
ones provided by the visuomotor memory test, according
to the time to perform the route and the number of

Results

Visual-motor memory in old aged
practitioners and non-practitioners
of PE in relation to gender and age

In FIGURE 3 we can see graphically the means
of the data obtained from the visuomotor memory
test (time of performance and number of errors).

The analysis of variance indicated a significant
main effect of Group [F1,69 = 16.89; p < 0.001] but
not Gender [F1,69 = 1.638; p = 0.200], for time of
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errors committed. All data were analyzed with SPSS
(version 19.0). Data were checked for distribution and
all means + SD, percentage and coeflicient of variation
were calculated. Potential differences among groups
were evaluated using a univariate analysis of variance

(ANOVA). Significance level was set at p < 0.05.

performance. The ANOVA for errors also presented
a significant main effect of Group [F1,69=14.62; p
<0.001] but not Gender [F1,69 = 1.14; p = 0.280].

Likewise, with respect to the time of performance,
the analysis of variance showed a significant main
effect for Group [F1,69 = 15.24; p < 0.001] but not
for Age [F1,69 = 0.941; p = 0.336]. The ANOVA
for errors also presented a significant main effect for
Group [F1,69 = 14.37; p < 0.001] but not for Age
[F1,69 = 1.35; p = 0.240].
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FIGURE 3 - Means of performance time and number of errors in the visuomotor memory test in the practitioners and
non-practitioners of physical exercise (PE) in relation to (A) each Gender and (B) each Age (to be continued).
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FIGURE 3 - Means of performance time and number of errors in the visuomotor memory test in the practitioners
and non-practitioners of physical exercise (PE) in relation to (A) each Gender and (B) each Age

(continuation).

Discussion

The present study aimed to compare the
visuomotor memory of elderly adults, exercise
practitioners and non-exercise practitioners, taking
into consideration gender and age.

Our results showed that practitioners presented
a better performance in the time of performing the
test and in the number of errors committed than
non-practitioners of PE.

'The studies about visuomotor memory in old age
are still scarce and they refer to visuo-spatial memory
terminology emphasizing the existence of a decline
with aging. Some of the few papers about spatial
memory, like the ones written by Kukorja et al.%,
Bourter and Fausert?, and Horrzer etal. ® pointata
decline with age related to complex scenes or images. In

spite of aging, our results demonstrated that PE seems
to have positive effect in the VMM, independently
of gender and age. In addition, researchers such as
Boutet and FauBert?, LamMONT et al.? and Crook
and LARRABEE” state the existence of a decline with
age related to memory for faces, while for Lipman and
CarLaN?, memories related to urban routes present
a gradual decline with aging. Also, SAtrHOUSE” and
Sarraouse and MILEs* mention a stronger decline in
elderly’s abilities of thinking and memory and spatial
tasks related to the memory of faces, urban routes,
maps of museums and places of buildings in cities.
As before, the authors report that, with aging, losses
emerge at the level of VMM. However, our study
found that old aged PE practitioners promotes better
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VMM compared to non-practitioners; hence, exercise
seems to counteract the effects of aging in the cognitive
processes related effects of aging.

Although the majority of the studies have
suggested a decline of memory with aging'**'?, our
study verified that the practitioners of PE experience
a greater amount of visual, manual and pedal
information provided by the exercises; consequently,
this helped them get a better VMM. Summarizing,
we can assume that physical exercise contributes to
improving the VMM since the tasks in the practice
sessions require constant demands to cognition.

This is accordingly to many authors who suggested
that the cognitive processes can be improved with
systematic exercise®*%. In spite of the contradictory
data where some studies*“¢ didnt found any significant
improvement after training in older subjects memory,
the majority of the studies are in accordance with our
results indicating that exercise, namely aerobic training,
enhances cognitive function'®'**. However, further
studies will be necessary to confirm if regular exercise
improves the cognitive processes in a consistent way"*’.
Furthermore, we think that given the proportion of
older adults reporting memory problems, it is necessary
to determine whether improvements in motor fitness
brought about by physical exercise program can result
in subsequent attenuation of VMM problems or
potentially in improvements in VMM.

In a test of spatial orientation in adults where the
objective was to follow a route on a map, Kimura™
concludes that males and females present differences
in the way they place themselves. The author verified
that, in the test, males, when compared to the females,
learn the route in fewer attempts and with fewer
errors, based on strategies of coordinates - north-
south, left-right, distance-speed. On the contrary,
females tend to use an orientation in the landscape
based on a different strategy, involving memory of
the localization of the shops, the markets, the places
with some special characteristics. The results of our
study found that gender and age did not influence the

Resumo

VMM performance, and for this reason are contrary
to previous studies. Furthermore, the practitioners of
regular physical exercise presented better VMM in
both genders suggesting that the memory visuomotor
tests required psychomotor ability, vigilance (attention
and concentration), perceptual acuity, information
processing, short term memory and motor planning;
these abilities are a consequence physical exercise?>>.

The study by BoreLHO®, involving 46 Portuguese
elderly of both sexes, included in the age group 65
to 93 years, found that exercise practitioners elderly
adults over the last five years had better results
in visuomotor memory than the non-exercise
practitioners. Our results are in agreement with
the study of this Portuguese author suggesting that
regular PE is very important to maintain or even
improve visuomotor memory in elderly adults.

The major limitation of this study was to find
a sufficient number of elderly with a high level of
educational status. Because it was also one of our
objectives to assess the educational status, therefore
in future investigations this variable should be
included. Likewise, our study was transversal.
However, it is important to mention the need for
longitudinal studies, that is, it is essential to analyze
the variations in the characteristics of the same
sample elements.

A key strength of our study is that, to our
knowledge, there is not much information and
systematic research on this subject, so we believe that
our results can contribute for an understanding of
the relations between a cognitive variable (memory)
and physical exercise in old males and females.

Synthetizing, our study reveals that PE seems to
induce significant effect in visual-motor memory.
The same did not occur with gender and age level
factors. However, taking into account our cross-
sectional study design, more studies are necessary to
investigate if practice of systematic PE, can decrease,
in a gradual way, the effects of aging on the old
persons’ cognition, namely on visuomotor memory.

Memoria visuomotora em idosos: efeito de um programa de exercicio

0 presente estudo pretendeu investigar o efeito do exercicio fisico (EF) na memoéria visuomotora (MVM) de
idosos em funcao do sexo e da idade. Foram testados 74 participantes com idades entre os 60 e os 90 anos,
sendo 36 praticantes de EF (70,22 + 0,90 anos) e 38 ndo praticantes (68,26 + 1,12 anos). A MVM foi avaliada
através do teste de Thinus et al., sendo registado o tempo gasto na execucédo do teste e o numero de erros
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durante a sua execucdo. Através das ANOVAs grupo x género e grupo x idade, os resultados demostraram
um efeito significativo do grupo, mas ndo do sexo e da idade, quer para o tempo de desempenho quer para
os erros. Os praticantes apresentaram menores tempos € menos erros do que os ndo praticantes. Conclui-se
que o EF apresenta um efeito positivo na MVM, independentemente do sexo e da idade. Sugerem-se estudos
longitudinais com um numero amostral superior e incluindo a aplicacdo de um programa de EF, para melhor
compreender o comportamento da MVM dos idosos.

Patavras-cHAVE: Envelhecimento; Memoria visuomotora; Exercicio fisico.
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