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ABSTRACT

The nonlinear training method provides a theoretical framework for pedagogical
principles that can be used to estimate nonlinear changes in motor learning. The present study aimed to
compare the effects of linear and nonlinear training on the improvement and maintenance of postural
control indices in older women.

[VETELE The present study was quasi-experimental with a pretest-posttest and follow-up design. Forty-
five older women aged 60-75 were randomly divided into nonlinear training, linear training, and control.
Subjects in the experimental groups received training for four weeks, four 30-minute sessions per week.
During this time, the control group only performed their usual daily activities. One day before and after
the intervention and one week later, the subjects performed a static balance task on a force plate.
[T The results showed that the scores for anterior-posterior displacement, lateral displacement, and
speed in the linear and nonlinear training groups were significantly reduced in the posttest and follow-
up phases compared with the pretest (P<0.0005). So, postural oscillations were reduced, and static
balance improved in both groups, but no significant difference was found between the above scores
in the posttest and retention phases (P<0.0005). These results indicate that the improvement in static
balance is sustained in both the linear and nonlinear training groups. The nonlinear training stimulation
group also had significantly fewer postural oscillations than the linear training and control groups at the
posttest and retention phases (P<0.0005).

[@TEERT The flexible, adaptable, and comprehensive nature of nonlinear training, compared to the
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Introduction

he natural aging process leads to a decline

in postural control, resulting in the reorga-

nization of sensory-motor integration to

maintain balance and prevent falls. Howev-

er, this reorganization is often incomplete,
disrupting balance control mechanisms and leading to
suboptimal corrective responses. Consequently, the likeli-
hood of losing balance and experiencing falls increases.
Research evidence indicates that balance deficiencies as-
sociated with aging are a significant factor contributing to
the risk of falls in older people. The critical importance of
this issue has prompted many researchers to design vari-
ous intervention programs to improve balance in older
adults. However, findings on the effectiveness of these
programs remain inconsistent. One possible reason for
this variability is the differences in the content and train-
ing methods.

Furthermore, only a limited number of studies have em-
ployed theories or theoretical frameworks in the design of
their interventions, which may contribute to the scattered
findings. The nonlinear pedagogy method provides a theo-
retical framework for training principles that can be used to
estimate nonlinear changes in motor learning. The present
study aimed to compare the effects of linear and nonlinear
pedagogy on postural control indices in older women.

Methods

This study was a quasi-experimental research project
designed to meet its specific objectives. Given the imple-
mentation timeline, the research was cross-sectional and
applied in nature, as it aimed to provide practical insights
based on the results. The study employed a repeated-mea-
sures design, including pre-test, post-test and retention
stages. The study included 45 older women aged 60 to
80 years, selected through convenience sampling based
on the inclusion criteria. Sample size was determined us-
ing G*Power software, which calculated power requiring
at least 14 participants per group. To account for potential
dropouts, 15 participants were allocated to each of the
three groups: Linear training, nonlinear training, and con-
trol. Participants were randomly assigned to these groups.
The inclusion criteria for the study included the follow-
ing: Female gender, age range of 60 to 80 years, ability
to walk independently, normal vision, ability to follow
simple instructions, no memory impairment (score >24
on the mini-mental state examination), and no diseases or
medications affecting balance and movement.
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This field-based study included pre-test, intervention,
post-test, and follow-up stages.

The participants provided written and verbal consent
and were briefed about the study objectives and proce-
dures. During the pre-test, participants performed a two-
legged standing task on the force platform to familiarize
themselves with the equipment and protocol. They then
completed the pre-test by standing barefoot on the force
plate and focusing on a fixed point for maximum balance
effort. The intervention phase included the following
parts: The linear training group participants performed
prescribed, repetitive exercises during each session. The
instructor detailed the proper execution of balance and
walking skills, followed by participant practice. In the
nonlinear training group, the exercises involved con-
straint manipulations, such as changes in the support sur-
face’s level, diameter, height, task difficulty, and vision
conditions (eyes open or closed). These constraints were
systematically introduced to challenge the participants’
balance. The intervention lasted four weeks. It should be
noted that during this period, the control group carried out
their usual daily activities. The post-test was conducted
immediately after the last training session, and the follow-
up phase was conducted after one week of no training. In
these phases, the participants performed the balance skill
on the force gauge plate. Each test was performed three
times according to the instructions.

Results

The combined analysis of variance showed that the main
effect of time, group, and interaction effect were signifi-
cant for all research variables (P<0.0005). Nonlinear and
linear training significantly improved anterior-posterior
displacement, lateral displacement, and speed in the post-
test and follow-up compared to the pre-test (P<0.0005).
Still, no significant difference was found between the
post-test and follow-up stages (P<0.0005), which indi-
cated that the improvement in anterior-posterior displace-
ment was maintained in both the linear and nonlinear
pedagogy groups. Also, in both the post-test and reten-
tion stages, the nonlinear pedagogy stimulation group had
significantly better scores in all variables than the linear
training and control groups (P<0.0005).

Conclusion

Balance depends on the integration of sensory, motor,
and cognitive systems. Nonlinear training engages these
systems simultaneously by requiring participants to solve
problems and adjust rapidly. This holistic approach fos-
ters stronger neural connections and enhances balance
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