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Abstract

The short-foot exercise (SFE) has been used as a training method for the intrinsic muscles of the foot. The
effectiveness of SFE is mostly reported in short-term interventions, with only a few reports of its sustained effects.
The purpose of this study was to verify the effect of SFE training for 31 high school runners. All subjects were
measured 3 times for 8 months, and underwent ankle stabilization training during the study period. During the first
3 months of the study period, one randomly selected group of subjects underwent SFE, and another group did not,
the non-SFE group. Measurement items were pain, navicular drop (ND), modified star excursion balance test
(mSEBT), ankle dorsiflexion angle and toe gripping force. A one-way analysis of variance with post-hoc Tukey’s
test was performed to evaluate differences between groups with multiple comparison analysis for each
measurement. The number of physical problems in the SFE group was lower at the time of the second measurement
(M2) but increased at the third measurement (M3). In the SFE group, the ND value was significantly decreased at
the time of the M2 but was significantly increased at the M3. Toe gripping force showed a significantly larger
value in the SFE group at the M3. It was suggested that the SFE was effective for ND and decreasing some pains.
There are no studies referring to the sustainability of the effects of the SFE, so these results can be a reference for
future investigation of this exercise.

Keywords: Short Foot Exercise, Medial Longitudinal Arch, Sports Injuries, Intrinsic Foot Muscles, Flat Foot,
Modified Star Excursion Balance Test, Navicular Drop
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1. Introduction
1.Background

The arch of the foot is important when considering foot function. In addition to the mechanical support by bones,
joint capsules, and ligaments in the medial longitudinal arch (MLA), the functional support of muscles is very
important in absorbing load shock (Hicks, 1954). In order to maintain MLA, the functions of the external foot
muscles such as the tibialis posterior muscle and flexor pollicis longus muscle and the intrinsic muscles of the foot
such as abductor pollicis longus are important (Pohl, Rabbito & Ferber, 2010). In order to maintain the MLA, the
functions of both the extrinsic and intrinsic foot muscles are important (Pohl, Rabbito & Ferber, 2010). In
particular, the intrinsic muscles play a critical role in the regulation of absorption and propulsion during dynamic
activities (McKeon & Fourchet, 2015). Flatfoot is a common phenomenon caused by a decrease in the arch and
excessive pronation of the foot, and is reported to cause overuse injuries and syndromes including plantar fasciitis,
achilles tendonitis, hallux valgus, posterior tibialis tendon dysfunction, and patellofemoral pain syndrome (Pohl,
Hamill & Davis, 2009, Ryan et al., 2009, Sherman, 1999, Tome, Nawoczenski, Flemister, & Houck, 2006). In
terms of maintaining the MLA, when the function of the intrinsic muscles deteriorates, the extrinsic muscles may
contract excessively to compensate, thereby increasing traction stress and causing impairments.

Running motion is one of many basic movements used when playing sports. Because running is not only for
training athletes but also an easily engageable exercise for ordinary individuals, it has become very popular.
Although running promotes positive psychological and physical effects, repetitive motions and other factors are
often involved in the activity, frequently causing musculoskeletal disorders. These disorders are more pronounced
among track and field athletes who are forced to run at higher levels. Indeed, reports have shown that chronic
disorders were strongly associated with the motions involved in running (Zemper, 2005, Lysholm & Wiklander,
1987). Long-distance runners in particular often suffer from chronic pain in the lower limbs and other areas
(Tschopp & Brunner, 2017, Dimeo, Peters & Guderian, 2004). Focusing on the arch of the foot, there are several
studies of different aspects of the motions involved, such as an excessive ankle/foot pronation in the stance phase
of running (Jam, 2006), the lowering of the MLA with navicular drop (ND) (Headlee, Leonard, Hart, Ingersoll,
and Hertel, 2008), changes in rigidity of the plantar arches (Miller, Whitcome, Lieberman, Norton & Dyer, 2014),
and the increase in impact and acceleration on the tibia during running (Crowell & Davis, 2011). Impaired function
of the arch is also reported to be involved in shin splints (medial tibial stress syndrome), posterior tibial tendonitis
and flatfoot, all of which can trouble track and field athletes (Pohl, Hamill & Davis, 2009, Newman, Witchalls,
Waddington & Adams, 2013).

Because track and field athletes continuously apply load to their feet during running, exercises for training the
intrinsic muscles may reduce the load on the extrinsic muscles, which in turn can then better maintain arch function
(Sulowska, Oleksy, Mika, Bylina & Sottan, 2016). Gooding et al. compared four exercises (the short-foot exercise,
toes-spread-out exercise, first-toe-extension exercise, and second- to fifth-toe-extension exercise) for training the
intrinsic muscles of the foot, and reported on the effectiveness of each exercise (Gooding, Feger, Hart & Hertel,
2016). One of the four exercises studied, the short-foot exercise (SFE), has been used in many studies as a training
method for the intrinsic muscles of the foot (Jung, Koh & Kwon, 2011, Okamura, Knai, Hasegawa, Otsuka & Oki,
2019, Namsawang, Eungpinichpong, Vichiansiri & Rattanathongkom, 2019). The SFE selectively trains the
abductor hallucis muscle, which is the largest of the intrinsic muscles and is highly active during loading. It holds
the arch by contracting the abductor hallucis muscle during loading. It was reported that the SFE appeared to train
the intrinsic muscles more effectively than the towel-curl exercise (Lynn, Padilla & Tsang, 2012), and there was
preliminary evidence suggesting that SFE training may have value in statically and dynamically supporting the
MLA (Mulligan & Cook, 2013). There are also reports that it contributes to reducing flatfeet (Okamura et al.,
2020, Kim EK & Kim JS, 2016), varus sprains or foot instability (Lee E., Cho, Lee S., 2019), and knee problems
such as patellofemoral pain syndrome (Lee, Yoon & Cynn, 2017). Although there are some negative reports about
its effects (Haun, Brown, Hannigan & Johnson, 2020), it seems to be considered a general training method for the
intrinsic muscles.
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1.2 Purpose

The effectiveness of SFE is mostly reported in short-term interventions, with only a few reports of its sustained
effects. This study provided an opportunity to give training to high school track and field athletes on ankle joints
and foot arches with a focus on maintaining and improving arch function. The purpose of this study was to verify
the effect of SFE training on the intrinsic muscles of the foot.

2. Method
2.1 Subjectss

An initial group of 49 high school runners were recruited, and then people who were unable to participate in all 3
measurements or be followed during the intervention period were excluded from the study. A total of 31 people
(20 men and 11 women; mean age + standard deviation: 15.6 & 0.7 years; height: 164.9 + 8.0 cm; weight: 52.5 +
6.9 kg) were selected as subjects for this study. All subjects were informed about the purpose and procedures of
the study and they provided written informed consent prior to participation. This study was approved by the
Takasaki Health and Welfare University Ethics Review Committee (No. 2966).

2.2 Study Design

All subjects were measured 3 times for 8 months, the period between the first measurement (M1) and the second
measurement (M2) were 3 months, and the period between M2 and the third measurement (M3) were 5 months.
All subjects underwent ankle stabilization training during the study period. During the first 3 months of the study
period, one randomly selected group of subjects underwent SFE for the purpose of activating the intrinsic muscles
of the foot, and another group did not, the non-SFE group. The results of the 3 measurements in both groups were
compared

2.3 Measurements
2.3.1 Pain

At the time of the M1, subjects were asked about any pain occurring during normal running movements in the last
half year. In this study, pain was defined as that which caused the individual to miss practice or running for at least
1 day. At the time of the M2 and M3, the subjects were asked similarly about any pain they experienced.

2.3.2 Physical assessment items

2.3.2.1 Navicular drop (ND)

The height from the floor to the lower end of the navicular tuberosity (hereinafter referred to as the arch height)
and the foot length from the posterior surface of the calcaneus to the tip of the toe were measured in the unloaded
position and the loaded position. The non-loaded position was a sitting position with the hip and knee joints at 90°
and no weight applied, and the loaded position was a forward squat with the measured limb forward and the lower
leg advanced forward. The value obtained by subtracting the arch height at the load position from the arch height
at the non-load position was calculated as ND.

2.3.2.2 Modified Star Excursion Balance Test (mSEBT)

As an evaluation of dynamic balance, the mSEBT was administered (van Lieshout et al., 2016). The maximum
reach distance was measured by placing both hands on the lumbar region and performing a reach on one leg in
three directions: front, inner back, and outer back. The measurement was performed three times in each direction,
and the maximum value was divided by the leg length (distance from the most anterior end of the superior anterior
iliac spine to the distal end of the malleolus) to calculate the reach rate. The average value of the measured values
in each direction was extracted as data for analysis.
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(3) Ankle dorsiflexion angle

Following the method of Bennell et al., a measurement of dorsiflexion was calculated from the inclination angle
of the lower leg with respect to the horizontal line of the floor (Bennell et al., 1998). With the subjects’ hip and
knee joints flexed and loaded on the front leg, we placed the tilt angle meter on the front of the lower leg and
measured the angle in the maximum dorsiflexion position. The measurement was performed twice in units of 1°
and the average value was calculated.

(4) Toe gripping force

As in another study, toe grip was measured with subjects sitting barefoot with their knee position at 90° flexion
and the ankle plantar dorsiflexion at 0° (Nakae, Murata, Kai, Soma & Satou, 2013). The measurement was made
using a toe muscle-strength measuring device T.K.K. II 3364 (Takei Koki Co., Ltd.). We fixed the position of the
foot by placing the toe on the bar and measured the toe grip force used to pull the bar. The measurement was
performed three times on each side and the maximum value was used. The average value of the left and right
measurement values was extracted as the data to be used in the analysis in this study.

2.4 Training routine

The ankle stabilization training carried out with both groups consisted of 8 types of training on an unstable plate.
These exercises stabilize the ankle joint by stimulating the foot’s extrinsic muscles and improve windlass function
by stabilizing the hip joint. They consisted of (1) heel raise on two legs (10 times), (2) one-leg standing with the
other leg backward (both sides, 10 seconds each), (3) one-leg standing with the other leg forward (both sides, 10
seconds each), (4) leg swing with one-leg standing (both sides, 10 seconds each), (5) one-leg heel raise with knee
in an extended position (both sides, 10 times), (6) one-leg heel raise with knee in a flexed position (both sides, 10
times), (7) two-leg squats (10 times), and (8) one-leg squats (both sides, 10 times). Subjects chose between two
types of unstable plates that had different levels of difficulty. Both groups conducted these exercises twice a week
during the study period.

The SFE was performed only by the SFE group. With reference to the method of Jung et al., the subjects sat in a
chair with hip and knee joints at 90° (Jung et al., 2011). They were guided to bring the first metatarsal head close
to the heel without bending their toes and to hold this position for 5 seconds, then relax for 3 seconds. This was
repeated for 5 minutes on each side (totally 10 minutes on both sides), and the effect was judged by the examiner
palpating the abductor malleus of the toe during each exercise. When it was judged that sufficient contraction of
the first toe abductor muscles was obtained without the toe flexor and tibialis posterior muscles contracting to
compensate, the difficulty was adjusted by performing the same exercise in the standing position. The training was
conducted 3 times a week for 3 months.
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Figure-1 Ankle stabilization training program

D heel raise 1, @ one-leg standing 1, @ one-leg standing 2, @ leg swing
® heel raise 1, ® heel raise 2, @ two-leg squat, ® one-leg squat

2.5 Analysis

All measurement results were confirmed to be normally distributed, so a one-way analysis of variance (ANOVA)
with post-hoc Tukey’s test was performed to evaluate differences between groups with multiple comparison
analysis for each measurement. All statistical analyses were conducted using SPSS 24.0J for Windows, with the
significance level set at 5%.

3. Results

3.1 Pain

The number of incidents of pain at each measurement time is presented in Table 1. The number of physical
problems in the SFE group was lower at the time of M2 but increased at the M3.

Table-1 The number of pains (physical problems)

SFE Group Non-SFE Group
(n=13) (n=18)
It 2nd 3rd Ist 2nd 3rd
Number 6 3 8 7 10 5
Contents Upper thigh 0 0 1 1 2 1
Knee joint 1 0 2 2 1 0
Lower thigh 3 1 3 2 3 1
Ankle joint 0 1 1 1 2 1
Foot/Finger 2 1 1 1 2 2

SFE=Short Foot Exercise
3.2 Physical Assessment
Table 2 shows the results of the measurement and one-way ANOVA, and Table 3 shows the results of the post-
hoc test. In the SFE group, the ND value was significantly decreased at the time of the M2 but was significantly
increased at the M3, returning to the same level as the initial results. The mSEBT was significantly higher in the

non-SFE group at the M2 but no other significant differences were observed. The ankle dorsiflexion angle was
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significantly larger in both groups at the time of the M2. Toe gripping force showed a significantly larger value in
the SFE group at the M3.

Table-2 The results of the physical assessment values and the one-way ANOVA in each group

SFE Group (n=13) Non-SFE Group (n=18)

15t 2nd 3w p value* | Ist 2nd 3rd p
ND (cm) 0.83+0.52 | 0.57+0.41 | 0.73+0.38 | 0.029 1.12£0.72 | 0.80+0.38 | 0.90+0.44 0.185
mSEBT (%) 0.91+0.11 | 0.98+0.09 | 0.93+0.10 | 0.163 0.89+0.16 1.01£0.08 | 0.96+0.08 0.001
ADROM (deg) | 40.2+£3.5 50.7¢4.4 46.5£3.4 | 0.004 42.943.1 53.443.2 47.6£3.2 0.002
TGF (kgf) 10.1£5.3 10.7+4.9 14.9+£5.6 | 0.048 9.744.2 10.6£5.3 12.8+4.7 0.129

SFE=Short Foot Exercise, ND=Navicular Drop, mSEBT=modified Star Excursion Balance Test
ADROM=Ankle Dorsiflexion Range of Motion, TGF=Toe Gripping Force
Value: average+SD(standard deviation), * = one-way analysis of variance (one-way ANOVA)

Table 3 The results of post-hoc test in each group

SFE Group (n=13) Non-SFE Group (n=18)
1st-2d 1st-31 2nd-3" 1st-2 | 1st:3¢ | 2nd-3rd
ND 0.046 0.771 0.039
(0.11-0.65) | (-0.27-0.48) | (0.03-0.21)
mSEBT (%) 0.001 0.173 0.078
(-0.14--0.04) | (-0.09 - 0.01) | (-0.004 - 0.10)
ADROM (deg) | 0.003 0.092 0314 0.001 0.363 0.050
(34-18.1) | (-08-135) | (-11.7-29) | (32-149) (25-9.1) | (-1L.6-0.01)
TGF (kgf) 0.945 0047 0.034
(-58-4.6) | (-99--0.03) | (-93--0.99)

SFE=Short Foot Exercise, ND=Navicular Drop, mSEBT=modified Star Excursion Balance Test
ADROM=Ankle Dorsiflexion Range of Motion, TGF=Toe Grip force
Value: p value (95% Confidence Interval)

4. Discussion

In this study, high school track and field athletes were selected as subjects for the purpose of validating SFE
training. Benett et al. reported that ND in cross-country athletes in unloaded and standing positions were 3.6 + 3.3
mm in healthy runners and 6.8 + 3.7 mm in runners with injuries (Bennett et al., 2001). Since the arch height
measurement in this study measures the ND in a state close to motion, the ND was calculated from the difference
in arch height between the unloaded position and the loaded position in the knee flexion position, which tended to
have a relatively large value. Pes planus was defined as ND exceeding 13 mm (Cote, Brunet, Gansneder & Shultz,
2005), so the subjects in this study were considered appropriate as an intervention target.

In the SFE group, the ND value significantly decreased three months after SFE was performed, indicating
effectiveness from the viewpoint of reinforcement in the longitudinal arch of the foot. Uncer et al. reported that
short-term intervention was effective for ND (Unver, Erdem & Akbas, 2019), and another study showed that the
muscle activity of the abductor hallucis dorsi muscle was significantly increased during SFE training (Jung et al.,
2011). In other studies, it has been suggested that the improvement of the arch through use of the SFE was effective
for avoiding various injuries (Okamura et al., 2020, Lee, Yoon & Cynn, 2017, Kim EK & Kim JS, 2016). It was
possible that the SFE intervention makes it possible to maintain the arch even under load. Although the
generalization of the training effects in this study is speculative, the number of pain incidents increased in the non-
SFE group at the time of M2 while the number of pain incidents in the SFE group decreased, suggesting the SFE
was effective.

Of note, in the SFE group the value of ND at the M3 increased significantly compared with the M2, almost reaching

the same level as the M1 and indicating the importance of continuing intervention to maintain improvements.
Because the number of pain incidents reported at the time of the M3 was also increased, it is possible the pain was

334



Asian Institute of Research Journal of Health and Medical Sciences Vol.3, No.3, 2020

caused by the decline in arch function that earlier showed improvement. There are no studies referring to the
sustainability of the effects of the SFE, so these results can be a reference for future investigation of this exercise.
The ankle stabilization training carried out in both groups was also expected to effect improvement in the arch by
improving the windlass function and strengthening the extrinsic foot muscles. In the non-SFE group, ND tended
to decrease but no significant change was observed. Therefore, it is suggested that the combination of this training
with the SFE focusing on the intrinsic muscles was more effective in improving the arch of the foot. The ankle
dorsiflexion angle was significantly larger in both groups at the time of the M2, suggesting the mobility of the foot
was improved by conducting the unstable-plate training.

Although previous studies reported changes in arch function leading to some balancing improvement (Birinci &
Demirbas, 2017), no significant change was observed in mSEBT in the SFE group in this study. A significant
improvement was observed in the non-SFE group, possibly because the training with the unstable plate improved
the nerve-muscle coordination and postural control in the one-leg standing position. In this study, the value of
mSEBT was calculated by taking the average value of all directions, but the characteristics in each direction could
be measured in future studies.

The toe gripping force of the SFE group increased significantly at the time of the M3. It was reported that
strengthening the toe flexor muscle group resulted in decreased ND, and as a result was effective in preventing
hallux valgus (Yokozuka, Okazaki, Sakamoto & Takahashi, 2019). In this study, toe gripping force in the SFE
group increased during the period when SFE was not performed, resulting in increased ND and increased pain. It
was undeniable that extrinsic muscles were activated rather than intrinsic muscles, which might have been
counterproductive from the perspective of injury prevention. In athletes performing repeated running movements,
increased muscle output of the toes might cause a decrease in the rocker function of the foot and a decrease in
shock absorbing function, resulting in an excessive load on the foot and lower limbs. It is expected that further
verification will be needed in the future, including exploring the detailed mechanism of the toe and arch functions.
There was also a report that the SFE consisted of movements that were difficult for subjects to picture, and that
learning it was therefore difficult. Also worth considering is that the SFE in this study repeated movements for 5
minutes that did not involve any joint movements, so it could cause fatigue and poor concentration in long-term
implementation. There are many reports that the training’s positive effect was increased by performing it in
combination with other methods (Kim & Lee, 2020, Namsawang, Eungpinichpong, Vichiansiri &
Rattanathongkom, 2019, Okamura, Kanai, Hasegawa, Otsuka & Oki, 2019, Jung, Koh & Kwon, 2011). It is
necessary to devise training with regular measurements of effects and share that feedback. Beyond the exercises,
there are many other factors that also affect foot problems, so it is necessary to consider not only physical functions,
but also shoes, insoles and environmental factors (Miller et al., 2014). Furthermore, in athletics, running and
practice routines differ between long-distance athletes and short-distance athletes, so there might be differences in
intervention effects. However, the subjects of this study were both short- and long-distance athletes so no
comparison could be made, and the group was too small for differences between men and women to be explored.
In the future, it would be necessary to increase the number of subjects and examine the characteristics of each
group in more depth.
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