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Abstract

Fatigue and high-intensity training induce muscle strain and increase muscle stiffness. Increased muscle tone and muscle
stiffness are factors in injury and disability and require prompt palliative care. However, muscle stiffness is not measured in
everyday life, leading to injuries and disabilities in the face of disappointment. In looking at routine prevention, we wondered
whether muscle stiffness could be reduced from extended toe range of motion. Walking is a complex, continuous movement,
but most common shoes on the market compress the plantar arch cap and toes. We conducted a prospective cohort study in
which 20 subjects underwent post-load training and then wore flat shoes to measure muscle stiffness. 20 subjects performed a
10-kilometre run, and 30 subjects performed a 30-kilometre run and 20 subjects performed a 30-kilometre run. km of running
and 30 min of walking. The intervention group wore flat shoes, while the control group wore their daily shoes. 30-minute pre-
and post-walking muscle stiffness measurements of the lateral head of the gastrocnemius, quadriceps and lumbo-dorsal fascia
were taken to test whether the intervention group’s muscle stiffness could be reduced. The results showed that the increase
in muscle stiffness of the lateral head of the gastrocnemius muscle in the intervention group was inhibited. In addition, the toe

area was found to be extended by wearing flat-shaped shoes.

Keywords: Muscle Stiffness; Walking Function; Welfare Engineering; Frailty Prevention

Abbreviations: TFA: Two-way Factorial Analysis of
Variance.

Introduction

Walking is an action consisting of a series of complex
movements. The human leg is intertwined with numerous
bones and muscles, and even movements that appear simple
can place a high burden on the human body [1]. According
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to the Ministry of Health, Labour and Welfare’s H30 annual
National Health and Nutrition Survey, the average number of
steps taken per day by Japanese adults is 6794 steps for men
and 5942 steps for women, and for running over 10 km, it
is said to exceed 2000 steps, although there are individual
differences [2]. This is compounded by a decrease in walking
opportunities in Japan, where exercise habits have declined
due to Covid19 [3]. Especially in high-impact exercise such as
running, shoes, which serve as an interface with the ground,
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may have a significant impact on the human body. Increased
muscle stiffness is an indicator of fatigue, and it is desirable
to prevent increased muscle stiffness from inducing injury
or disability [4]. Failure to do so may result in separation of
the flesh or secondary injury, requiring massage or other
care [5,6]. While investigating shoes worn while walking, we
found that many of the common shoes in circulation press
on the plantar arch cap and toes [7]. In particular, common
shoes are designed with a high toe and plantar arch cap area
[8]. This is intended to reduce motion load by covering the
foot motion. However, we hypothesized that this restricted
foot motion and thus triggered an increase in muscle
stiffness. In previous studies, we have found that flat-shaped
shoes increase toe movement [9]. Therefore, we wondered
if it would be possible to extend the toe area by wearing
flat shoes, and to suppress the increase in muscle stiffness
by increasing toe movement. Although care therapies have
been developed to alleviate the increase in muscle stiffness,
itis desirable to be able to prevent it on a daily basis without
having to spend time on care. A prototype shoe with a flat
shape is shown in Figure 1.
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The intervention group wore prototype shoes, and the
control group wore their daily shoes. 30 minutes of walking
was performed before and after the 30-minute walk, and
muscle stiffness of the lateral head of the gastrocnemius,
quadriceps and lumbar dorsal fascia were measured by PEK-
1 to verify whether the increase in muscle stiffness of the
intervention group could be suppressed. Muscle stiffness of
the lateral head of the gastrocnemius, quadriceps and lumbo-
dorsal fascia were obtained at 0, 10, 20 and 30 minutes. A
foot scanner was also used to investigate the effect of the
prototype shoes on the plantar arch cap region. Toe ground
contact surfaces were extracted from the infrared sensor of
the foot scanner, and the increase in ground contact surfaces
before and after walking was measured.

Figure 1: Prototype shoes (Tip area is flat).

Methods

Twenty subjects underwent high-intensity training, then
were divided into 10 intervention and 10 control subjects.
A prospective cohort experiment was conducted with the
intervention group wearing the prototype shoes. The high-
intensity training session consisted of a 10-km run (45
minutes). The intervention group had a mean age of 20.3
years (6 males and 4 females), and the control group had a
mean age of 20.2 years (6 males and 4 females). The study
was conducted after obtaining approval for “gait analysis
using wearable sensors” from the ethical review of human
subjects at Maebashi Institute of Technology. The approval
number is 22-009.
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Figure 2: Foot scanner.

Results

Muscle stiffness of the lateral head of the gastrocnemius,
quadriceps and lumbo-dorsal fascia were obtained at 0, 10,
20 and 30 minutes, respectively, and tested using Two-way
Factorial Analysis of Variance (TFA). The results showed that
the hypothesis of no difference between the two groups was
rejected at p-value=0.013 in the intervention and control
groups for the lateral head of the gastrocnemius muscle.
The hypothesis of no difference between the two groups
was rejected at p-value = 0.00000131 for the dorsal lumbar
fascia intervention group and the control group. However,
the hypothesis of no difference between groups could not be
rejected because the p-value exceeded 0.05 for the 0-, 10-,
20-, and 30-minute group comparisons. In terms of muscle
stiffness of the lateral head of the gastrocnemius muscle,
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the intervention group is shown in Figure 3 and the control
group in Figure 4.

Foot scanner analysis was performed before and after
walking in the intervention and control groups. The toes were
automatically extracted from the ground surface using an
infrared sensor; a normal distribution could not be assumed
due to the small number of N. The Wilcoxon signed-rank sum
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test was used to test for responsiveness of the data. In the
intervention group, the hypothesis of no difference before
and after walking was rejected with a p-value = 0.0128. In
the control group, the hypothesis of no difference before
and after walking could not be rejected because the p-value
exceeded 5%. Figure 5 shows an example of a scan image
before and after walking in the control group.

Figure 3: Intervention group, muscle stiffness of the lateral head of the gastrocnemius muscle.

-

Figure 4: Control group, muscle stiffness of the lateral head of the gastrocnemius muscle.

Ohyama Y, et al. Effect of Extended Toe Range of Motion on Muscle Stiffness after Exercise. Ann Adv

Biomed Sci 2023, 6(1): 000215.

Copyright© Ohyama, etal.


https://medwinpublishers.com/AABSc

Figure 5: Plantar image (white areas are finger-ground
surfaces).

J

Conclusion

[Efforts to prevent injury through shoe shape were seen
as early as 1986, with Schwellnus using shock-absorbing
materials [10]. Fraissler [11] used insoles to treat hallux
valgus, demonstrating short-term but effective results.
Zhang measured stiffness at various muscle sites and
reported correlations with sports injuries [12]. This study
focuses on changes during exercise, which differs from the
present study, which focuses on daily walking habits. In our
study, flexibility in toe movement was found to suppress
the increase in muscle stiffness of the lateral head of the
gastrocnemius muscle. Since the subjects were only around
20 years old, continued experiments with multiple ages
and research conditions are necessary, but the fact that the
suppression of muscle stiffness was possible is useful. In
the future, we would like to expand the scope of this study
to include prevention of frailty, especially by conducting
experiments on the elderly.
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