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The effect of intrinsic foot muscle training on medial longitudinal
arch and ankle stability in patients with chronic ankle sprain
accompanied by foot pronation
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Objective: The purpose of this study was to investigate whether the intrinsic foot muscle training method can improve the medial
longitudinal arch in patients with chronic ankle injury and with pronated feet, as well as to investigate for the most effective exercise method for these patients.
Design: Randomized controlled trial.
Methods: Thirty men and women with pronated feet had participated in this study and were allocated to either the short foot exercise group (SFEG) or the towel curl exercise group (TCEG) randomly. SFEG and TCEG underwent exercises three times a week
for 8 weeks, with three sets per day, totalling up to 5 minutes per day. The navicular drop test (NDT) was used in order to assess for
changes in the medial longitudinal arch and the Cumberland ankle instability tool (CAIT) was used to assess for ankle instability
of the chronic ankle sprain patients.
Results: There was a significant increase in CAIT scores in the SFEG (p<0.05) and a significant difference between groups was
presented (p<0.05). The NDT scores were significantly decreased in both groups (p<0.05). In the SFEG, the NDT scores were
more decreased than in the TCEG (p<0.05).
Conclusions: These results suggest that short foot exercises are more effective in providing intrinsic foot muscle training for patients with pronated feet among chronic ankle sprain patients. Furthermore, short foot exercises may be used to provide ankle
stability.
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Introduction
While pursuing a socially valuable quality of life due to
recent economic developments, various leisure sports activities have improved and various sports injuries have increased accordingly. Looking at studies on lower extremity
injuries, ankle sprains have the highest incidences, making
up to 75% of all lower extremity injuries [1]. Of ankle
sprains, an inversion sprain was reported to account for more
than 85% [2], and with the addition of excessive ankle pro-

nation causes the calcaneous to tilt medially compared to
normal, producing an unstable position, which may eventually lead to lower extremities injuries and falls. This causes a summative load in the knee joint and hip joint as well as
ankle joint during gait which can lead to the display of flatfoot and pronated foot conditions [3].
Foot pronation causes pronation of the subtalar joint or
mid tarsal joint during weight-bearing activities, which may
increase fall risk. It might impair the stability of the foot and
thus have an impact on the occurrence of plantar fasciitis,
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patellofemoral pain, or foot pain. Also, an eversion position
of ankle is generated [4-6].
Pronated foot is deeply related to the medial longitudinal
arch (MLA) where the presence of a pronated foot consequently leads to a decrease in the MLA [7,8], Therefore, it
can be suggested that maintaining the integrity of the MLA
may help prevent certain musculoskeletal conditions, and,
thus, careful attention must be given to its supporting
structures. The MLA is reinforced by various anatomical
structures of the foot, such as actions of direct muscles as
well as indirect anatomical structures such as the plantar fascia and plantar ligaments [9,10], and this MLA is complemented by various methods, such as the use of insoles and
exercise. The extrinsic foot musculature (EFM) was used to
complement MLA in the past [11]. However, recently it has
been suggested that the intrinsic foot musculature (IFM)
could play a critical role in supporting the MLA as well [12].
We have mainly used toe-flexion exercises, such as towel
crunches or marble pickups, in order to strengthen this IFM
but toe-flexion exercises are not suitable for strengthening
the IFM to complement the MLA because they also use the
EFM, such as the flexor digitorum longus muscle [12].
Recently, short foot exercises (SFE) have shown to be effective using the IFM and excluding the EFM. Janda and
VaVrova [13] found that SFE contracted the intrinsic muscles of the foot to increase the inner arch of the foot, thereby
shortening the longitudinal arch. Although these various exercises are presented, we have not yet presented a remarkable exercise method to complement the MLA to people
with pronated feet due to ankle injuries.
Consequently, in this study, we have found a more effective IFM training method that can improve the MLA of
chronic ankle injured patients with foot pronation, as well as
a more effective exercise method for these patients.

Table 1. Demographic characteristics of the subjects (N=30)
Characteristic SFEG (n=15) TCEG (n=15)
Age (y)
Sex (male/
female)
Height (cm)
Weight (kg)

21.80 (2.31)
7/8

t (p)

21.73 (1.75) −0.089 (0.930)
8/7

165.82 (8.46) 168.43 (8.96)
61.62 (9.45) 64.21 (13.68)

0.819 (0.419)
0.602 (0.552)

Values are presented as mean (SD).
SFEG: short foot exercise group, TCEG: towel curl exercise group.
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Methods
Subjects
One hundred and twenty adult men and women who had
experienced an ankle sprain in the past were chosen from
G-University located in Gwangju. This study measured the
valgus angle of the calcaneus and selected 53 people with a
valgus angle of 2o-3o and with no particular medical
findings. The purpose and methods of this study were explained in detail to all subjects. After being informed, subjects who agreed to participate in the study were included
but were free to withdraw from the study whenever they
wished, even if the study was in progress. Acute double onset patients, patients who underwent an operation and patients with mental illness were excluded. Fifty-three chronic
ankle sprain patients who consented to participate in the
study were selected. In order to select patients suitable for
the experiment, 30 people consisting of 15 men and 15 women among patients with less than 24 points on the
Cumberland ankle instability tool (CAIT) for ankle instability were selected. The physical characteristics of the
subjects are summarized in Table 1.
Procedure
In this study, a pre-test was carried out to find out the
changes in height of the navicular and ankle instability of the
30 selected subjects before and after the experiment and men
and women were divided. Fifteen people were allocated to
the short foot exercise group (SFEG) and fifteen to the towel
curl exercise group (TCEG) by drawing lots through
randomized controlled trial. Subsequently, the SFE and
TCE were conducted for 8 weeks, respectively.
Intervention
Short foot exercise
The SFE is accomplished by shortening the foot in an antero-posterior direction and actively attempting to bring the
head of the first metatarsal toward the heel without toe flexion [14]. Various methods were performed based on the previous research of Moon et al. [15]. In order to minimize error
values and increase objectivity, a stopwatch (HS-70W;
Casio, Tokyo, Japan) was used to measure exercise times.
The exercise was carried out in a sitting position without
weights for 1-4 weeks (Figure 1) and in a standing position
with weights for 5-8 weeks (Figure 2). The exercises were
performed 3 times per week, with three sets performed in
one week totaling up to 20-25 times, and with 5 minutes
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spent per set.
Towel curl exercise
TCE is achieved by curling the toes on a towel, bunching
the towel beneath the foot using interphalangeal and metatarsophalangeal flexion of the toes [16]. Various methods
were performed based on previous research of Lynn et al.
[17]. In order to minimize error values and increase objectivity, a stopwatch (HS-70W) was used to measure exercise time. On a slick surface (tile, hard wood floor, etc.) the
exercise was carried out in a sitting position without weights
for 1-4 weeks (Figure 3), and then with the addition of
dumbbells of 2-4 kg performed at a rating of perceived exertion score of 13-15, which was considered as “slightly
hard to hard” for 5 minutes in a sitting position for 5-8 weeks
(Figure 4). The exercise consisted of 3 times per week, with
three sets performed in one week totaling up to 20-25 times,
and with 5 minutes spent per set.

Assessments
Ankle instability
In order to assess for ankle instability of chronic ankle
sprain patients, the CAIT (sensitivity: 82.9%, specificity:
74.7%) was used. The CAIT consists of a total of 9 questions
which relate to ankle instability of the environment. Five
questions consists of a score of 0-4, two instability perception questions consists of a score of 0-4, one pain-related
question consists of a score of 0-5 and another question consist of a score of 0-2. Based on the perfect score of 30, more
than 28 points indicates stability of the ankles while less than
24 points indicate instability. Higher scores indicate normal
ankle conditions while lower scores indicate poor stability
[18].
Navicular drop test
The navicular drop test (NDT) is a highly reliable test
method [19] with and intraclass correlation coefficient of
0.971 [20] and serves as a highly valuable measurement
method that can determine injury and weakness of the mus-

Figure 1. Short foot exercise in a sitting position without weight
bearing.
Figure 3. Towel curl exercise in sitting position without weight.

Figure 2. Short foot exercise in a standing position with weight
bearing.

Figure 4. Towel curl exercise in sitting position adding weight.
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culoskeletal system that may cause changes in the MLA
height [21].
The NDT measures the height of the navicular from the
bottom in a non-weight-bearing state and in a relaxed position and then subsequently determines the degree of pronation of the feet by measuring the navicular height again
while bearing weight. If there is a difference of more than
10mm, it is diagnosed as foot pronation [22].
The method allows the subject to comfortably sit in a
o
chair and flex his knees at 90 . Then, the knee of foot and 2nd
phalangeal is to be measured in a straight line. The tester
should hold the talus by hand and adjust the subtalar joint to
a neutral posture and another tester should palpate and mark
the tubercle of the navicular located approximately 1.5 inch
in the lower front of the lower extremity malleolus. After
placing paper to be horizontal to the ground, we put paper on
the marked navicular tubercle. Points were marked to measure the height from the ground to the navicular tuberosity.
Then, subjects were asked to stand and maintain a gap of the
calcaneus by 10 cm and then the height of the navicular tuberosity was measured in a comfortably weight-bearing position with both feet barefooted and placed side by side in the
same method as in the sitting position.
Differences in the measured values during sitting and
standing position were used. Measurements were repeated 3
times to develop a mean value and tests were conducted a total of 2 times for pre-test and post-test assessment purposes
[23].
Data analysis
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order to examine the differences between groups and compare the significance of before and after the experiment
within groups respectively. The statistical significance was
set as α=0.05.

Results
Differences in ankle instability
The CAIT scores showed a significant increase from
21.77 to 25.80, with a change value of 4.20 points, in the
SFEG (p<0.05) but the TCEG did not show a significant increase from 21.80 to 22.33 score, with a change value of
0.53 points (p<0.05). Significant changes between groups
showed a more significant increase in the SFEG (p<0.05).
The differences in ankle instability are summarized in Table
2.
Differences in foot pronation
The NDT was used to assess for foot pronation., For the
SFEG, there was a significant decrease from 16.60 mm to
11.13 mm, with a change value of 5.47 mm and for the
TCEG, there was a significant decrease from 16.47 mm to
12.53 mm, with a change value 3.93 mm (p<0.05). For
changes between the two groups, the SFEG showed a more
significant decrease in scores (p<0.05). The differences in
foot pronation measurements are summarized in Table 3.

Discussion

Mean and standard deviation of all works and statistics in
this study were assessed with the use of IBM SPSS Statistics
ver. 21.0 (IBM Co., Armonk, NY, USA). The Shapiro-Wilk
method was used for normality test of all subjects.
Descriptive statistical analysis was used for general traits of
subjects. An independent t-test and paired t-test was used in

The position sense of the ankle decreases with deformation of the foot, such as flatfoot and foot pronation [3,24] In
order to correct foot pronation, several studies on the MLA
height have been carried out. Snyder et al. [25] presented
that increasing muscle strength of the IFM and EFM is the
most effective and active method to correct pronation of the
joint causing the lowering of the MLA. Fiolkowski et al.

Table 2. Comparison of the CAIT for ankle instability (N=30)

Table 3. Comparison of the NDT for navicular height (N=30)

CAIT (score)

SFEG (n=15)

Pre-test
Post-test
Change value
t (p)

21.77 (1.58)
25.80 (1.65)
4.20 (1.02)
16.039 (<0.000)

TCEG (n=15)

t (p)

21.80 (1.81) 0.290 (0.811)
22.33 (1.67)
0.53 (1.06) 3.179 (0.000)
1.948 (0.072)

Values are presented as mean (SD).
CAIT: Cumberland ankle instability tool, SFEG: short foot exercise
group, TCEG: towel curl exercise group.

NDT (mm)
Pre-test
Post-test
Change value
t (p)

SFEG (n=15)

TCEG (n=15)

t (p)

16.60 (3.52)
16.47 (3.20) 0.108 (0.914)
11.13 (3.53)
12.53 (2.99)
5.47 (2.17)
3.93 (1.16) 2.415 (0.023)
9.771 (<0.000) 13.100 (<0.000)

Values are presented as mean (SD).
NDT: navicular drop test, SFEG: short foot exercise group, TCEG:
Towel curl exercise group.
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[26] conducted the NDT by blocking the tibial nerve delivered to the IFM and as a result, pronation in a static standing
position was significantly increased, and it can be stated that
IFM has a direct impact on navicular height through this
study.
Previous research on IFM and navicular height was analyzed and as a result, Newsham [12] reported that SFE is
more effective in excluding extrinsic foot muscles, such as
the flexor digitorum longus, and for strengthening the IFM
compared with TCE. Jung et al. [16] conducted an experiment on assessing muscle activity of the abductor hallucis
using electromyography and had the maximum voluntary
isometric contraction of the abductor hallucis muscle measured in the manual muscle-testing position. As a result, both
sitting and standing on one leg positions showed more significant effects in SFE (sitting: 45.2, one leg standing: 73.2)
than in TCE (sitting:10.1, one leg standing: 17.5) (p<0.001).
Also, when comparing SFE (139.8o) and TCE (146.2o) for
the MLA angle in the study of Jung et al. [16], standing on
one leg position showed a significant decrease (p<0.001).
In this study, the navicular height showed a significant decrease in both groups, by 5.47 mm in the SFEG and 3.93 mm
in the TCEG (p<0.05) The SFEG of both groups showed a
more significant decrease (p<0.05) After comparing and analyzing the result values of the previous research, it can be
seen that the SFE is more effective in IFM training than
TCE. As presented by Newsham [12], the reason is thought
to be due to the fact that SFE excludes extrinsic foot muscles
more than TCE and not only focuses on IFM training but
uses the tibialis posterior muscle directly affecting MLA.
Given a number of studies that IFM is effective in increasing
the height of the MLA, it can be seen that SFE is more effective in increasing the navicular height and correcting foot
pronation.
Repeated ankle sprains have developed into a chronic instability, causing instability of the ankle [27]. Witchalls et al.
[24] pointed out that decreased proprioceptive sense or joint
position sense as the biggest causes of ankle instability.
McKeon et al. [28] introduced the concept of the foot core
and called for an increased awareness of the importance of
foot core stability for normal feet and lower extremity
functions. This study measured the ankle instability to compare the sensory aspect. SFEG showed a significant increase
from 21.77 to 25.80 (p<0.05) but TCEG showed an increase
from 21.80 to 22.33 (p<0.05).
Janda and VaVrova [13] stated that SFE maintains the position of body segments and improves trunk stability by

stimulating the somatosensory afferent pathway from the
sole. It was described as the first step in proprioception
training. Also, Lee’s study [29] presented that SFE is significantly more effective for ankle instability than balance
exercise (p<0.05).
When summarizing the findings of the previous studies
and for this study, it can be seen that both SFE and TCE have
been used in IFM training but SFE is a training method
which is more effective in accepting afferent information
during contraction.
According to the experimental results, both SFE and TCE
were effective in NDT. SFE produced more effective results
and also, improved results for ankle instability were shown
only with SFE.
Based on these findings, the structure of the MLA undergo through more effective training for patients with foot pronation accompanied by ankle sprains with IFM. Also, exercise methods which are more effective in treating ankle instability will be presented.
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