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[Purpose] The purpose of this study was to identify the effects of an inclined ankle on the activation

of the abductor hallucis muscle during short foot exercises. [Subjects] We recruited 14 healthy volunteers who were
free of pain, and did not suffer from arthritis or osteomuscular problems related to the foot or ankle. [Methods]
The subjects performed short foot exercises and short inclined foot exercises with 30° passive ankle dorsiflexion.
[Results] The exercise with an inclined foot showed a significantly larger activation of the abductor hallucis than
that shown during the neutral short foot exercises. [Conclusion] These results suggest that passive ankle dorsiflexion
during short foot exercise for strengthening the abductor hallucis is a more effective clinical treatment exercise.
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INTRODUCTION

The medial longitudinal arch (MLA) is supported by the
foot bone. The plantar muscles and tendons function as a
shock absorber and influence gait efficiency?. MLA is cat-
egorized into three types: flat feet, regular feet, and cavus
feet?. The causes of flat feet are numerous, and include
the weakness of the abductor hallucis, which is an intrin-
sic muscle of the plantar surface of the foot?. Foot exercise
is used to reinforce the arch of the foot and strengthen the
plantar muscles. There are many exercises for strengthen-
ing the abductor hallucis muscle, which is one of the in-
trinsic muscle supporting the MLA, for example: toe curls
exercise, toe spread exercise, shin curls, and picking up ob-
jects?. Recently, the short foot exercise has become more
prevalent?. It is performed by shortening the foot in the
anterior-posterior direction with the forefoot and heel touch
the floor without toe flexion?. It was noted that after the
short foot exercise was conducted, it was noted that there
was an increase in the MLA angle?, and a reduction of cen-
ter of pressure®). Therefore, it has been assumed to be an
effective method for MLA treatment and for strengthening
the abductor hallucis muscle. Myers (2008) described how
the plantar fascia and the short toe flexors are connected
with the triceps surae (gastrocnemius) on the superficial

*Corresponding author. Duk-Hyun An (E-mail:
dhahn670208@gmail.com)

©2014 The Society of Physical Therapy Science. Published by IPEC Inc.
This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial No Derivatives (by-nc-
nd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.

back line®. According to the passive length-tension rela-
tionship, passive tension in a stretched healthy muscle pro-
duces elastic forces”. An inclined ankle with an elongated
the triceps surae also generates larger intrinsic foot muscle
tension. Therefore, the purpose of this study was to measure
the effect of an inclined ankle on abductor hallucis muscle
activation during the short foot exercise.

SUBJECTS AND METHODS

We recruited 14 healthy volunteers for this study. Indi-
viduals were excluded if they had arthritis, or had under-
gone an operation on, or amputation of the foot or ankle in
the past 6 months. They were also excluded if they suffered
from hallux valgus, hammer toe, or claw toe deformities.
All selected subjects showed values the normal range (5—9
mm) in the navicular drop test® and ankle range of motion
(ROM). Ethical approval was obtained from Inje University
Faculty of Health Science Human Ethics Committee, and
all the subjects signed an informed consent form prior to
their participation.

The participants’ mean age was 24.71£5.12 years, their
mean height was 166.21+8.96 cm, and their mean body
mass was 58.21+9.42 kg. The surface EMG activities of
the abductor hallucis were recorded by a MP15S0WSW
data acquisition system (Biopac Systems, Santa Barbara,
CA, USA). All the EMG signals were amplified, bandpass-
filtered (20 Hz to 500 Hz), and sampled at 1,000 Hz using
AcqKnoledge software, version 3.9.1. The EMG data were
normalized to peak maximal voluntary isometric contrac-
tion (Peak %MVIC)?.

The subjects were instructed to keep an upright sitting
posture on the chair, and performed two types of short foot
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exercises. One was the general type of short foot exercise
performed on a flat floor (neutral SF), and the other the
short foot exercise was performed with 30° passive ankle
dorsiflexion provided by a tilting board for stretching the
triceps surae (inclined SF). The short foot exercise was per-
formed so that the metatarsal was drawn towards the heel
without any toe flexion. Each task was repeated three times
and maintained for 5 seconds. A 1 minute rest period was
provided between the exercises.

Statistical analysis was performed using SPSS, version
17.0 (SPSS Inc., Chicago). The paired t-test was performed
to determine significant differences in the activities of the
abductor hallucis during the short foot exercises. Statistical
significance was accepted for values of p<0.05.

RESULTS

The %MVIC activations of the abductor hallucis during
the short foot exercises were 59.18+13.00% for the inclined
short foot exercise, and 49.31+13.27% for the neutral short
foot exercise (Table 1). The inclined short foot exercise
showed a significantly larger activation than that of the neu-
tral short foot exercise (p<0.05).

DISCUSSION

Many previous studies have reported that the short foot
exercise is an effective exercise for strengthening the MLA
of the foot. Thus, this study investigated the effectiveness of
an inclined ankle short foot exercise for strengthening the
abductor hallucis, when compared to a general short foot
exercise. The abductor hallucis is an intrinsic muscle within
the MLA supporting muscles, and its electromyographic
signal is easy to measure because of its superficial position.

We had a hypothesized that the length-tension relation-
ship would exert an influence on the intrinsic muscle of
the foot. Therefore, we performed an inclined short foot
exercise with 30° passive ankle dorsiflexion to elongate
the ticeps surae. Carlson et al. (2000) reported the angle
of maximum passive ankle dorsiflexion was about 31 de-
grees!?, and we set the passive dorsiflexion angle set to 30
degrees. Our results show that the inclined short foot ex-
ercise showed a higher activation than that of the general
short foot exercise.

Previous studies have investigated the passive length-
tension relationship of various regions. Hoang et al. (2005)
found a new method of non-invasively measuring the pas-
sive length-tension properties of the human gastrocnemius
muscle in vivo!D. It was the first in vivo study, but the foot
plantar muscles were neglected. Also, research related to the

Table 1. %MVIC of the abductor hallucis during the neutral and
inclined short foot exercises (n=14)

Neutral SF
Mean (SD)
49.31 (13.27)

SF: short foot exercise, SD: standard deviation
*p<0.05

Inclined SF
Mean (SD)
59.18 (13.00) *

Abductor hallucis

foot arch has reported methods for strengthening the abduc-
tor hallucis® ). However, that research used the neutral foot
position, and did not consider the passive length-tension re-
lationship of the ankle. Thus, our present suggests a more
effective exercise method for abductor hallucis strengthen-
ing than passive ankle dorsiflexion for intensifying the foot
intrinsic muscle activation.

Our study had several limitations. The sample size was
too small, so our results cannot be generalized to all sub-
jects. Also, the abductor hallucis is a small muscle, so the
EMG signal may contain cross talk. Finally, the abductor
hallucis does not represent all of the foot arch muscles,
which consist of many other small intrinsic muscles.
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