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Abstract

The purpose of this study was to investigate the effect of
Pilates, TRX, and combination exercises on motor memory
consolidation and a one-month follow-up period. In a semi-
experimental project, 40 middle-aged women aged 30 to 50
years old, without having a history of Pilates and TRX exercises,
were available selected and randomly divided into four groups,
such as TRX, Pilates, Combination (TRX + Pilates), and Control.
In the pre-test phase, all groups performed an epoch of 5
practice blocks (each block containing 10 times the
implementation of the 8-item 2R4R3R1R pattern). The
experimental groups then practiced for eight weeks, three
sessions each week, and 60 minutes of each session. The
subjects in the control group also had their daily exercises
during this period. Immediately after the end of the training
sessions, a post-test and a month later, a follow-up test similar
to the pre-test was performed. To analyze the different stages
of the research, the one-way analysis of variance (ANOVA) and
Tukey Post-Hoc tests were used at a significance level of P<
0.05. The results showed that Pilates and combination exercises
in post-test and Pilates exercise in a one-month follow-up
period had a significant effect on the motor memory
consolidation among middle-aged women. Based on the results
of previous studies and the findings of the present study, it can
be concluded that Pilates exercise improves motor memory

1. Email: azarpeyfarideh@gmail.com
2. Email: amirshams85@gmail.com
3. Email: drmnamazi@yahoo.com



Azarpey: Sport Psychology Studies, Volume 10, No 36, 2021 102

consolidation in middle-aged people. There has been much
discussion about the effect of aerobic activity (such as Pilates

exercise) on

motor

memory consolidation. Although

researchers have stated that its underlying mechanisms have
not been conclusively determined, it is assumed that significant
changes in the human brain occur following aerobic exercise.
Therefore, these factors are effective in maintaining cognitive
function and promoting memory consolidation, which is
probably more affected by Pilate’s exercises.

Extended Abstract

Abstract

Physical activity is one of the important
tools for a lifestyle change, which
according to the results of studies can
affect cognitive factors such as learning.
In general, the effect of physical activity
on brain function in humans and
laboratory animals has been
investigated, the results indicate an
improvement in brain function (Baker,
2010). In particular, physical activity is
one of the effective factors in
maintaining memory function
(Shamsipour Dehkordi et al., 2017).
Loprinzi (2019) in a review study
showed that physical exercise
increased cognition and memory in
humans. Researchers believe that
physical activity and exercise regulate
the brain's reactive activity (Baker,
2010). Researchers have divided
memory into long-term and short-term
memory. Long-term memory is divided
into two types of explicit and implicit
memory based on the type of
information (You et al., 2013). One type
of explicit memory is explicit motor
memory, so one of the most common
concepts of explicit motion memory is
the continuation of the ability acquired
during execution. Explicit motor

memory is fast accessible for alert and
flexible recall. This memory is usually
actively accessible and verbal, requiring
a conscious reminder, and to use this
memory, the individual consciously
returns to the previously learned task
and retrieves it (Shams, 2015; Allen and
Duke, 2013). Motor memory is the
reference for all skillful behaviors,
covering a wide range of skills
(Shamsipour, 2014), and consolidation
is critical to it (Shams, 2015). The term
consolidation was first proposed by
Muller and Pilzecke (1990). Memory

consolidation is the process of
facilitating memory representation
(Cohen et al., 2005). Memory

consolidation is one of the influential
factors in the formation and
development of children's cognitive
and motor skills (Shams, 2015;
Shamsipour et al., 2017). In this regard,
studies have shown that along with the
increase in dendrites, the brain-derived
neurotrophic factor (BDNF) molecule
promotes the survival of various types
of neurons and are an important factor
in balancing the plasticity of the brain,
leading to learning and memory. The
BDNF is produced by neurons, the area
of learning and memory (Yamada et al.,
2002). The fact that exercise enhances
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the BDNF indicates that exercise
elevates learning  potential by
increasing this molecule (Rose et al.,
2019). Research evidence suggests that
memory consolidation is a flexible
function of the brain that facilitates
memory function through endocrine
activities. According to the
consolidation hypothesis, the
formation of a memory trace takes
time, and this trace remains weak until
the consolidation process is complete.
Therefore, the aim of this study was to
evaluate the effect of total resistance
exercise (TRX), Pilates and mixed
methods on motor memory
consolidation of middle-aged women
during a one-month follow-up period.

Methodology

Participants in this study included 40
middle-aged women aged 30-50 years
in the two districts of Tehran, who were
randomly selected and randomly
divided into four groups: TRX, Pilates,
combined (TRX + Pilates) and control.
None of them had a history of TRX and
Pilates exercises. Based on the
collected demographic information, all
participants were physically and
mentally healthy as well as had no
history of cardiovascular or
psychological disease. All inclusion
criteria were assessed using the self-
report personal information
questionnaire.

Research Tools

Alternating Serial Reaction Time Task:
This task has been used by various
researchers to measure and explore
motor memory (Howard and Howard,
1997; Shams, 2015). To perform this
task, the women sat on a chair in front

of a computer monitor and placed their
middle and index fingers of the left and
right hands on the (z) (x) (/) (.) keys,
respectively.

TRX Exercise: This exercise includes a
special type of suspension exercise
consisting of two very strong and
durable straps without elasticity, two
suspended handles and an anchor that
is resistant through weight and body
angle with the ground while a point
applied from the body to ground allows
the practitioner to move on three levels
and design different movements
(Dawes, 2017).

Pilates Exercise: It consists of exercises
that start with the stabilization of the
central limbs and then continue the
training process through a range of
motion control. It also improves the
awareness level and body condition.

Demographic Information
Questionnaire:  This  questionnaire
comprises information such as age,
education level, history of neurological
diseases, serious damage to the skull,
history of anesthesia, sleep disorders,
hearing, movement and  vision
disorders, smoking and alcohol use.

Exercise Protocol

The experimental groups performed
their exercises for eight weeks (three
sessions per week and 60 minutes per
session). At the beginning of the
session, the subjects warmed up for 5
minutes including running, stretching
and flexibility, 50 minutes of basic
exercises for each group (TRX, Pilates or
mixed), and finally five minutes of
stretching exercises to cool down. It
should be noted that the mixed group
performed TRX exercises for 25 minutes
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and Pilates exercises for 25 minutes in
their sessions.

Research Method

In order to ensure that the exercise in
the main task leads to the creation of a
memory of the hidden sequence of
movements and in order to solve the
problems of the reaction time tools of
consecutive chains, the preliminary
studies on six subjects (each group=2
women) were performed. In the first
session, these subjects practiced 25
training blocks, each block containing
10 repetitions of the 2R4R3R1R eight-
item pattern of the sequence
(Shamsipour et al., 2014; Shams, 2015).
This session was controlled under the
supervision of a tester. At the end of the
pilot study, the participants were asked
questions about the strategy and order
of presenting the stimuli and were
asked if they noticed a particular order
in the way, they responded to the
stimuli. However, if the women were
unaware of the existence of a rule or
order of presenting the stimulus, the
researcher was sure that the subjects
did not respond to the stimuli through
explicit knowledge, and the skill was
learned secretly. At the end of the
training sessions, a post-test similar to
the pre-test conditions was performed.
Moreover, one month after that, a
follow-up test was taken from the
women. The efforts of this stage were
the same as the pre-test.

Results

The results of the demographic
information of the participants
demonstrated that 70, 8 and 20% of
them were married, divorced and
single, respectively. Their mean age was

46.415.27 in the control group,
39.847.12 in the Pilates group,
42.7+3.46 in the TRX group and
41.7£5.49 in the mixed group. The
results of the one-way ANOVA in the
pre-test stage illustrated that there was
no significant difference between the
research groups in consolidation motor
memory (F36,3=0.96, P=0.42). The
results of the one-way ANOVA in the
post-test stage (F36,3=26.481, P=0.001)
and one-month follow-up stage
(F36,3=31.513, P=0.001) displayed that
there was a significant difference in
motor memory consolidation between
the research groups. Tukey's post-hoc
test was used to determine the
significance of the groups. The findings
suggested that in the post-test phase of
the Pilates and mixed group as well as
in the one-month follow-up test, the
Pilates group had significantly better
motor memory consolidation than
other groups (P<0.05). Besides, the
mixed group had significant
performance compared to the control
and TRX groups (P <0.05). Furthermore,
there was no significant difference
between TRX and control groups.

Conclusion

The overall purpose of this study was to
investigate the effect of Pilates, TRX
and combined exercises on the motor
memory consolidation of middle-aged
women during a one-month follow-up
period. The results showed that in the
post-test, the Pilates and mixed
exercises groups as well as in the one-
month follow-up test, the Pilates
exercise group had better motor
memory consolidation than the other
groups. There has been much debate
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about the effect of physical activity on
memory. Although researchers have
stated that its underlying mechanisms
have not been definitively determined,
it is assumed that significant changes
occur in the human brain following
aerobic activity. Evidence suggests that
aerobic activity can improve mental and
cognitive function and play a role in
preventing cognitive decline (Joolaei et
al., 2017). In fact, Pilates as an aerobic
exercise has a greater impact on the
physiological, neurological, circulatory
and neurotransmitter components.
Therefore, this leads to prevent the
deterioration, increase the formation of
neural networks in the brain and
ultimately improve the memory of
individuals (Liu-Ambrose et al., 2010).
In this regard, Shamsipour et al. (2017)
also expressed that aerobic and
strength  training enhances daily
memory. Further, Griffin et al. (2009)
found that the concentration of BDNF
molecules in the blood was increased
after physical activity in all subjects,
indicating that acute physical activity
elevated the serum BDNF molecule in
sedentary individuals. Memory test
data represented a positive effect of
acute physical activity on the
performance of hippocampal cognitive

tests. In addition, the inconsistency
between the results of the present
study and those of Brooks et al. (2015)
and Heather et al. (2013) may be due to
the differences in  participants,
memory-measuring tools as well as in
the type and intensity of the aerobic
activity. Besides, Erickson and Kramer
(2009) stated that physical activity had
an effective role on cognitive factors,
but 6-12-month exercise was required
for its positive and effective change on
long-term  memory, physiological
adaptation and blood flow to brain
areas, increased hippocampal volume
and other brain functions. Therefore,
the result obtained in the present study
could have several causes: a) Pilates
largely avoided high impact, high power
output as well as heavy muscular and
skeletal loading, and b) It became
synaptic and built neurotransmitters
that are important in the process of
processing and consolidating memory.
In other words, aerobic exercise can
keep the brain young and active by
increasing the growth of nerve cells and
expanding intercellular communication
that is necessary for learning and
memory consolidation (Tang et al.,
2001; Rahmani et al., 2015.
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groups in different stages

Table 2- Mean and standard deviation of memory consolidation of research
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Figure 1-Motor memory consolidation of research groups in different test
stages
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Table 4- Results of one-way ANOVA of research groups in the post-test stage
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