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Purpose

The purpose of this study was to investigate flexor hallucis longus tendinous slips and
their relationship with toe function, investigate the relationship between toe function
and foot disorders, and the development of a new exercise for toe flexor muscles in

growing children.

Methods

1. Flexor hallucis longus tendinous slips and the relationship to toe function
Forty-four feet of 22 children in the growing phase were evaluated.

(1) FHL branch test

The subject flexed the interphalangeal joint of the first toe, and the flexion of the toes
was recorded during the test.

(2) Toe function

The toe flexor strength was measured using a digital force gauge. The toe pressure
strength, the load of the individual toe, and the center of pressure were measured using
a plantar pressure measurement system. The floating toe, toe skill, intrinsic positive
test, and use of the toes during calf-raise were assessed by photos or movies.

(3) Statistical analysis

A two-way ANOVA was used to compare the toe flexor strength, toe pressure strength,
and load of the individual toe. A one-way ANOVA was used to compare the center of
pressure. The Kruskal-Wallis test was used to compare the floating toe, toe skill,

intrinsic positive test, and use of the toes during calf-raise.

2. Relationship between the toe function and foot disorders
A total of 10 feet in the foot disorder group and 12 feet in the control group were
evaluated. The toe function was assessed. Statistical analyses were performed between

the groups.

3. Development of a new exercise for toe flexor muscles

I. Basic research on toe exercise

A total of 15 healthy adults participated in this study. The muscle stiffness was
measured to estimate the muscle activity using shear wave elastography.

(1) Evaluation of toe flexor muscle activity during toe flexion with or without
interphalangeal joint flexion.

Toe flexion was performed without and with IP flexion. The muscle stiffness was

compared statistically.




(i) Development of the exercise for the foot intrinsic muscles

The muscle stiffness during MTP joint flexion (MTPF) and short foot exercise were
compared statistically.

II. Effect of a new exercise on the toes

A total of 14 feet of seven children with foot disorders were studied. The exercises
included MTPF and flexion of the toe without FHL tendinous slips, and the training

period was 4 weeks. The toe function was compared pre-and post-exercise.

Results

The toe flexor strength, toe pressure strength, and load of the toe during one-leg squat
were significantly different between the number of FHL tendinous slips.

The toe skill and the load of the toe during one leg squat were significantly different
between the foot disorder group and control group.

The muscle stiffness of the abductor hallucis, flexor hallucis brevis, and flexor
digitorum brevis were significantly higher without IP flexion than with IP flexion.

The muscle stiffness of the flexor hallucis brevis, and flexor digitorum brevis, and the
flexor digitorum longus were significantly higher in the MTPF than in the short foot
exercise.

The new exercise for the toes increased the toe flexor strength, toe pressure strength,
toe skill, intrinsic positive test, use of the toes during calf-raise, and load of the toe

during a one leg squat.

Discussion

The toe flexor strength and toe pressure strength might be affected by the number of
FHL tendinous slips.

The toe skill, control of the center of pressure, and the load of the hallux during a one
leg squat might be related to foot disorders.

It is determined that MTPF might be more useful for foot intrinsic muscle exercise than
short-foot exercise. The toe flexor muscle exercise, focusing on the difference between
the intrinsic and extrinsic muscles, was considered a useful training measure to improve

toe function.

Conclusion
The training for the toe flexor muscles based on the the number of FHL tendinous slips was
considered to help the treatment in growing children with foot disorders due to sports.

Using MTPF for toe training can be expected to improve several functions related to




toes.
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