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This randomized controlled study is aimed at investigating the effects of long-term use of insoles with a toe-grip bar on the balance,
walking, and running of preschool children. Fifty-two preschool children were randomly assigned to an intervention group or
control group. Children included in the intervention group wore shoes with insoles that had a toe-grip bar, and those in the
control group wore shoes with regular insoles without a toe-grip bar for 4 weeks while they were at school. The center of gravity
sway (total trajectory length and envelope area), walking parameters (walking speed, cadence, stride length, step length, stance
time, and swing time), and time to run 25m were measured before and after the intervention. The 25m running time of the
intervention group was significantly improved after the intervention (F = 5:66; p < 0:05). This study suggests that insoles with a
toe-grip bar may contribute to improvements in the running of preschool children.

1. Introduction

In the standard human standing position, the foot is the only
body part that is in contact with the ground. Movable toes
play an important role in posture control, walking, and run-
ning [1, 2]. Previous studies have shown that toe-grip force,
the so-called toe-grip strength or toe flexor strength,
decreases with age [3–6] and that decreased toe-grip strength
is associated with problems with balance and walking ability
and the occurrence of falls in the elderly [7–11]. Decreased
toe-grip strength has also been observed in children and is
particularly related to floating toes and flat feet [12, 13]. Fur-
thermore, it has been reported that the toe-grip strength of
children is related to lower limb physical activities, such as
running [14, 15]. Therefore, it can be deduced that improving

the toe-grip strength is important for maintaining and
improving the health of children and the elderly.

Studies have shown that progressive resistance training
and toe-grip-related training, such as performing towel-
gathering exercises, are effective methods for improving the
toe-grip strength [16, 17]. However, if this training is not per-
formed regularly, then it is difficult to maintain the beneficial
effects. As a solution to this problem, insoles with a toe-grip
bar have been developed recently that improve the toe-grip
strength while the individual is walking [18, 19]. According
to previous studies, the toe-grip bar, which is a convex struc-
ture, is placed at the central part of the proximal phalanx from
the first to the fifth toe. During the terminal stance phase of
walking, the toes perceive the toe-grip bar and the reflex toe-
grip movement is increased. The toe-grip movement occurs
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subconsciously when the individual walks, resulting in
improved toe-grip strength [18, 19]. It has been reported that
the toe-grip strength and toe flexibility of healthy individuals
who wore insoles with a toe-grip bar experienced significant
improvement after the intervention compared to healthy
individuals who wore general insoles [18]. Moreover, it was
reported that the toe-grip strength and body sway of the
elderly significantly improved after the intervention phase
that involved insoles with a toe-grip bar compared with after
the baseline phase that involved general insoles [19]. There-
fore, we hypothesized that insoles with a toe-grip bar may
improve the physical performance of the lower limbs, includ-
ing balance, walking, and running, of children. This study is
aimed at investigating the effects of long-term use of insoles
with a toe-grip bar on the balance, walking, and running of
preschool children.

2. Materials and Methods

2.1. Participants. Fifty-two preschool children
(mean age ± standard deviation (SD): 67:50 ± 3:83 months;
18 boys, 34 girls) participated in this study. Children were
excluded if they had orthopedic, neurological, or psychiatric
diseases that might influence the results. In this study, nor-
mal children who did not have any foot problems were
included because it was a preliminary study of normal chil-
dren that was performed before studying children with foot
problems such as reduced toe-grip strength, floating toes,
and flat feet.

The study was conducted according to the principles
of the Declaration of Helsinki and was approved by the
local Institutional Ethics Committee (Kyoto Tachibana
University). All guardians provided their written informed

consent, and the participants were free to withdraw from
the study at any time.

2.2. Procedures. Figure 1 shows the CONSORT flow chart.
Participants were randomly assigned to an intervention
group (n = 26; 9 boys, 17 girls) or control group (n = 26;
9 boys, 17 girls) using random numbers generated by
Microsoft Excel 2010 (Microsoft, Redmond, WA, USA).
Randomization was conducted by the study investigators.
All participants were blinded to the group in which they
were included.

The intervention group wore shoes with insoles with a
toe-grip bar [18, 19]. Themid and rear parts of the insole were
made of synthetic resin foam, and the toe section was made
from synthetic fiber with high repulsion properties (known
as three-dimensional mesh). The toe-grip bar was placed at
the central part of the proximal phalanx from the first to the
fifth toe (Figure 2). During the terminal stance phase of walk-
ing, the toes perceived the toe-grip bar and the reflex toe-grip
movement was increased. The toe-grip movement occurred
subconsciously while the participant was walking, resulting
in improved toe-grip strength [18, 19].

The control group wore shoes with regular insoles
without the toe-grip bar or a toe section made from syn-
thetic fiber with high repulsion properties. The structure
of the insoles was the same as that of the insoles used by
the intervention group. Except for the insoles, both groups
wore the same standard shoes provided by the study inves-
tigators. Therefore, the movements of the foot and ankle
were almost the same in both groups, and only the move-
ments of the toes were adjusted to be different. Both
groups wore the shoes 5 times per week for 4 weeks while
at school.

Assessed for eligibility (n = 52)

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)

(ii)
(i)

Declined to participate (n = 0)
(iii) Other reasons (n = 0)

Allocated to control (n = 26)

(ii)
(i) Received allocated intervention (n = 26)

Did not receive allocated intervention (n = 0)

Lost to follow-up (withdrawal) (n = 6)

Analyzed (n = 20)
(i) Excluded from analysis (n = 0)

Analyzed (n = 24)
(i) Excluded from analysis (n = 0)

Allocated to intervention (n = 26)

(ii)
(i) Received allocated intervention (n = 26)

Did not receive allocated intervention (n = 0)

Lost to follow-up (withdrawal) (n = 2)

Allocation

Follow-up

Analysis

Enrollment

Randomized (n = 52)

Figure 1: CONSORT flow chart.
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2.3. Measures. The center of gravity sway (total trajectory
length (TL) and envelope area (EA)), walking parameters
(walking speed, cadence, stride length, stance time, and swing
time), and 25m running time were measured before and
immediately after the 4-week intervention.

The center of gravity sway was measured using a stabil-
ometer (GP-7; Anima Co., Ltd., Tokyo, Japan). The partici-
pants were instructed to stand in a two-leg stance under the
following standardized conditions: barefoot, eyes open, look-
ing at a target placed on a wall 2m away at eye level, and arms
at the sides [18, 19]. Data were collected after the participants
had stood for 5 s to exclude the influence of initial sway. Data
were measured for 10 s at a sampling rate of 20Hz [20]. The
mean TL and EA values of the center of pressure were calcu-
lated based on two measurements.

The walking parameters were assessed using a WalkWay
device (WalkWayMW-1000; Anima Co., Ltd., Tokyo, Japan)
[21]. This device calculates temporal and spatial gait param-
eters from the distribution of foot pressure and consists of a
2,400 × 800 × 5mm (length × width × thickness) sheet, a sen-
sor with spatial resolution of 10 × 10mm, and 14,400 mea-
surement points. Gait consisted of the following sections:
2m acceleration, 2.4m measurement, and 2m deceleration
(total, 6.4m). The data were measured at a sampling rate of
100Hz. Participants were instructed to walk barefoot at
normal speed. The measurement was performed twice,
and the average values of the walking speed (cm/s), cadence
(steps/min), stride length (cm), step length (cm), stance time
(s), and swing time (s) were calculated.

The 25m running time was measured using a digital
stopwatch [22, 23]. The run began from a standing start. A
starter gave the following instructions: “ready” and “go.”
The participants started to run when they heard “go.” The
amount of time required to reach the goal of 25m was
measured.

2.4. Statistical Analyses. The baseline characteristics of the
intervention and control groups were compared to determine
if the two groups were comparable. The Kolmogorov–
Smirnov test was used to test the normality of distribu-

tions. Differences between groups were analyzed using
Student’s t-tests for normally distributed variables and the
Mann–Whitney U test for variables that were not normally
distributed. Measurement items were analyzed using a two-
way repeated measures analysis of variance (ANOVA). Post
hoc Bonferroni testing was used to assess the group or time
period that showed significant differences. Statistical analyses
were performed with SPSS 24.0 (IBM, Chicago, IL, USA). The
level of significance was <5%.

3. Results

Two participants from the intervention group and six partic-
ipants from the control group who could not be assessed after
training were excluded. Before training, there were no signif-
icant differences between the groups regarding age, height,
body weight, TL, EA, walking speed, cadence, stride length,
step length, stance time, swing time, and 25m running
time (all p > 0:05) (Table 1). Two-way repeated measures
ANOVA showed that the 25m running time was mainly
affected (F = 5:66; p < 0:05). Post hoc Bonferroni compari-
sons revealed that the 25m running time significantly
improved in the intervention group after training (p < 0:05)
(Table 2).

4. Discussion

The present study suggests that long-term use of insoles with
a toe-grip bar may contribute to improvements in running
among preschool children. Our previous studies reported
that the continuous use of insoles with a toe-grip bar for 4
weeks increased the toe-grip strength of young adults and
older individuals [18, 19]. The results of this study similarly
suggest that continuous use of insoles with a toe-grip bar
may enhance the toe-grip strength of preschool children. A
previous study reported that toes can generate propulsive
force during running [1]. Moreover, a significant association
between toe-grip strength and 50m running time of elemen-
tary school children was reported [14]. Additionally, a sig-
nificant association between toe-grip strength and 25m

Cushion

Toe-grip bar

Three-dimensional mesh

Figure 2: The insoles used in this study consisted of a toe-grip bar and a three-dimensional mesh.
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running time of preschool children was reported [15]. Hence,
it may be inferred that the increased toe-grip strength
improved the 25m running time of preschool children in
this study.

Our previous studies reported an improvement in the
body sway of older adults with poor balancing ability after
they wore insoles with a toe-grip bar [19]; however, this
was not observed in younger adults with normal balancing
ability [18]. Therefore, the effects of insoles with a toe-grip
bar may be observed in individuals with reduced physical
performance of the lower limbs or during situations requir-
ing dynamic performance and maximum muscle strength
output of the toe grip. In this study, no significant differences
were observed in the center of gravity sway; it did not
decrease in the preschool children. Furthermore, it was found

that the normal walking parameters do not require maxi-
mum muscle strength output from preschool children.

There were some limitations to this study. First, the num-
ber of steps during the training period was not measured.
Therefore, this study could not exclude the influence of steps
during the training period. Further studies are necessary to
measure the steps during the training period. Second, it is
unclear how long the beneficial effects obtained using the
insole could be maintained. Further studies are needed to
investigate the sustainability of the benefits obtained by using
insoles. Third, this study did not include measurements of
the toe-grip strength. Therefore, we do not know the extent
of increase of the toe-grip strength after the intervention.
Hence, future studies should clarify the effects of toe-grip
bar on the toe-grip strength of preschool children.

Table 1: Characteristics of the intervention and control groups.

Parameters
Intervention group Control group

p value
Mean SD Mean SD

Age (months) 67.63 4.00 67.35 3.72 0.82

Height (cm) 110.95 5.16 110.94 4.38 1.00

Body weight (kg) 18.92 2.00 18.65 1.93 0.66

Total trajectory length (cm) 19.36 6.71 21.06 5.52 0.37

Envelope area (cm2) 1.08 0.42 1.36 0.83 0.17

Walking speed (cm/s) 111.70 26.72 114.26 12.04 0.68

Cadence (steps/min) 145.40 23.28 145.25 12.60 0.98

Stride length (cm) 91.69 11.59 95.08 8.47 0.28

Stance time (s) 0.48 0.09 0.48 0.04 0.72

Swing time (s) 0.36 0.04 0.36 0.03 0.94

25m running time (s) 6.72 0.53 6.49 0.67 0.20

SD: standard deviation.

Table 2: Comparison of parameters before and after training of the intervention and control groups.

Parameters Group
Before After Main effect of time

Mean SD Mean SD F-value p value

Total trajectory length (cm)
Intervention 19.36 6.71 17.57 4.74

2.18 0.15
Control 21.06 5.52 20.64 5.68

Envelope area (cm2)
Intervention 1.08 0.42 1.08 0.64

0.02 0.88
Control 1.36 0.83 1.33 0.53

Walking speed (cm/s)
Intervention 111.70 26.72 113.46 22.96

0.63 0.43
Control 114.26 12.04 108.01 17.77

Cadence (steps/min)
Intervention 145.40 23.28 143.53 19.33

3.12 0.08
Control 145.25 12.60 138.74 14.72

Stride length (cm)
Intervention 91.69 11.59 94.77 13.50

0.11 0.74
Control 95.08 8.47 93.28 12.06

Stance time (s)
Intervention 0.48 0.09 0.48 0.08

2.96 0.09
Control 0.48 0.04 0.50 0.06

Swing time (s)
Intervention 0.36 0.04 0.37 0.04

1.04 0.31
Control 0.36 0.03 0.37 0.04

25m running time (s)
Intervention 6.72 0.53 6.46 0.58

5.66 0.02∗
Control 6.49 0.67 6.37 0.64

SD: standard deviation; ∗p < 0:05: significant difference before and after the intervention.
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5. Conclusions

This study investigated the effects of long-term use of insoles
with a toe-grip bar on the balance, walking, and running of
preschool children. The 25m running time of the interven-
tion group showed significant improvements after the inter-
vention. The results of this study suggest that insoles with a
toe-grip bar may contribute to an improvement in running
for preschool children. Moreover, insoles with a toe-grip
bar might help prevent floating toes and flat feet observed
in children. Furthermore, they may be an important tool
for maintaining and improving the health of children. Addi-
tional studies should be performed to clarify their clinical rel-
evance for children with foot problems based on the findings
of this study.
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