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Background: Flat feet can be identified by assessing the collapse of the medial longitudinal 
arch (MLA) and these conditions can trigger epidemiological changes in the feet. Many of 
previous studies compared the muscle activity of lower body in terms of intervention and 
dynamics to treat the structural defect of flat feet. However, few studies have investigated or 
analyzed the muscle activity of gastrocnemius muscle in the subjects with flat feet.

Objects: This study investigated the differences in changes of medial and lateral plantar flex-
ors in subjects with flat feet during bipedal heel-rise (BHR) task and analyzed the differences in 
muscle activity between two groups by measuring the electromyography (EMG) of abductor 
hallucis (AH), tibialis anterior (TA), medial gastrocnemius (MG), lateral gastrocnemius (LG).

Methods: A total of Twenty one adult females participated in this experiment. Subjects were 
assigned to groups according to the navicular drop test. The task was applied to the leg, 
where the heel lifting action prevailed. The muscle activity of the medial and lateral feet plan-
tar flexors was evaluated, and the % maximum voluntary isometric contractions (%MVIC) of 
these were compared.

Results: For the difference between groups the muscle activity (%MVIC) of LG muscle was 
statistically significantly low in flat feet group compared to healthy feet group (flat feet: 64.57, 
healthy feet: 90.17; p < 0.05).

Conclusion: The results of this study will contribute to identifying the muscle activities of 
medial and lateral feet plantar flexors among subjects with flat feet, which can cause abnor-
mal epidemiological changes in the feet.
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INTRODUCTION

The feet and ankle muscle, during standing or gait, change 

their structure in accordance with the movements, provide a 

momentum by using ground repulsion, and play an important 

role in weight bearing through the movement of the subta-

lar joint [1]. In particular, the medial longitudinal arch (MLA) 

consisting of navicular, talus, calcaneus, three cuboids and the 

first to third metatarsal bones [2] is related to shock absorption 

and force transmission in the standing position and during the 

gait [3]. The collapse of the MLA due to inadequate support of 

the structures in the weight-bearing position, however, may 

cause ecessive pronation of the feet, resulting in damage in 

lower body [4]. According to Subotnick [5], 60% of the popula-

tion has normal arches, 20% have undulating or high ones, and 

the remaining 20% have flat feet or low feet arch.

The flat feet refers to a lack of ability to accept and disperse 

weight by the overstretching and weakening of ligament and 

plantar fascia [2]. The cause of flat feet is not yet clear al-

though but it is known as a deformation in which the MLA is 

collapses or disappears completely due to the lateral blurring 

of the back feet and the inward shift of weight [6] and The 

previous electromyography (EMG) study of plantar intrinsic 

muscles supporting the MLA also reported that the change or 

damage of these muscles have effect on the height and shape 

of MLA [3].

In flat feet, the lack of normal tension due to overstretching 

and weakening of connective tissue leads to active activity in 

the intrinsic and extrinsic muscles to compensate for such in-

ability [2]. 
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The flat feet, therefore, affect gait since it is an abnormal 

alignment of the feet and ankles, therefore, causes the changes 

in the input of the proprioceptive sense of the feet, the align-

ment of the lower body, and muscle activity [7].

The previous studies also showed that the activity of some 

muscles (tibialis posterior, tibialis anterior [TA], toe flexors, and 

calf) in flat feet increased due to the excessive pronation of the 

ankle joint during gait [3,8-10]. Other previous studies observ-

ing that the association between changes in feet posture and 

risk of injury of the lower leg may occur in abnormal muscle 

activity, in addition, showed that the flat feet rely on additional 

muscle support during gait, which requires more energy con-

sumption and makes feet more tired compared to healthy feet 

[11]. 

The calf muscle, a posterior leg muscle, is commonly used to 

determine the muscle activity in subjects with flat feet since it 

is a powerful plantar flexor. In addition, the joint action of the 

plantar fascia and posterior leg muscles during gait plays an 

important role in maintaining the arch by pulling up the plan-

tar fascia [12].

Riemann et al. [10] and Cibulka et al. [13] conducted a study 

of gastrocnemius muscle activation in three different posi-

tions during heel lift. The study was conducted based on the 

research hypothesis that the force line was changed due to the 

rotation of the lower extremities and the calf muscles would 

have different activity patterns.

As a result, when toe-out in both the weight-bearing and 

non-weight-bearing positions, the muscle activity of the me-

dial gastrocnemius (MG)-muscle was higher than that of the 

lateral gastrocnemius (LG)-mucle. This could lead to the con-

clusion that the position of the toe induced more muscle acti-

vation of the MG-muscle than the LG-muscle.

Therefore, we will compare the difference in muscle activ-

ity of the medial and lateral plantar flexion muscles including 

the inner and LG-muscles of the flatfeet group and healthy 

feet group subjects during the bipedal heel-rise (BHR) task of 

flatfeet subjects causing abnormal alignment of the feet and 

ankles. 

The hypothesis of this study was to establish that there 

would be a difference in which the muscle activity of the me-

dial lateral outer plantar flexion muscles statistically decreased 

or increased during the BHR-task compared to the healthy feet 

group in the flat feet group. For the purpose, EMG of four me-

dial and lateral plantar flexors were measured when the BHR-

task was performed of flatfeet and healthy feet subjects, and to 

compare and analyze the difference in muscle activity of each 

group. 

The purpose of this study is to provide basic information to 

aid in the development of a flat feet mediated method as an 

experiment to determine the difference between ankle muscle 

activity and people with flat, healthy feet in BHR.

To this end, when performing the BHR-task in flatfeet and 

healthy feet subjects, EMG of the four medial and lateral plan-

tar flexors were measured, and the differences in muscle activ-

ity in each group were compared and analyzed.

MATERIALS AND METHODS

1. Subjects

The study recruited 30 adult females (15 flat-feet, 15 healthy 

feet) who agreed to participate voluntarily after hearing expla-

nations about the purpose of the study and how to proceed. 

The minimum sample size required for t-test was calculated 

using G*power (University of Kiel, Kiel, Germany). The number 

of groups was 2, the effect size was 0.7, the power was 0.80, 

and the significance level (α) was 0.05. As a result, 11 subjects 

were calculated for the experimental group and the control 

group. However, the experiment was conducted on a total of 

30 adult females, considering the selection of subjects, appli-

cation of the exclusion criteria, and dropouts. All participants 

in the study were provided with warm indoor temperatures in 

a pleasant laboratory environment, of which 21 adult females, 

excluding 6 who experienced ankle injury within the last six 

months, excluding 3 drop out and a total of 9 out-of-center 

females, participated. 

The subjects were classified into flat-feeted group and 

healthy feet group by measuring the height of the MLA using 

the navicular drop test (NDT).

The criteria for selecting the target person are those who 

differ by more than 10 mm [14] and those who can walk and 

exercise independently, during the NDT. The exclusion cri-

teria were set as those who had lower than 5 mm in the test, 

neurological history, congenital deformities in the body, mus-

culoskeletal or joint disease history affected by walking and 

single feet scribe. This study was conducted after passing the 

deliberation process by INJE University’s Institutional Commit-

tee (approval number: INJE 201805017).
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2. Instrumentation

1) Collect and analyze surface EMG data

In this study, data were collected and processed using 2EM 

(4D-MT, Relive, Gimhae, Korea) which is an equipment for 

measuring EMG of abductor hallucis (AH), TA, MG, and LG 

during the task of lifting the both heels. The surface EMG elec-

trodes kept the distance between electrodes at 2 cm and were 

attached parallel to the muscle fiber direction. The sampling 

rate of the myocardial signal was set to 1,000 Hz, the bandpass 

used 0 to 500 Hz, and the EMG signal was treated and analyzed 

by the root mean square root mean square (RMS) [15]. 

In this study, for uniformity of the experiment, the EMG of 

the dominant lower extremity muscle was measured, and the 

position of electrode attachment of each muscle was deter-

mined by referring to existing studies. 

The dominant lower limb was determined through a ques-

tion of asking which feet he usually uses when kicking the ball. 

In order to measure the EMG of the AH-muscle, the superficial 

EMG was attached to the muscle tendon at 1–2 cm behind the 

rough surface of the dorsum bone [16].

The TA-muscle was attached to the muscle tendon at 1/3 of 

the calf bone and the inner ankle bone [17]. 

In addition, the MG-muscle is attached to the inner circum-

ference of the gastrocnemius at 1/3 of the knee, and the LG 

at 1/3 of the gastrocnemius at the outer circumference of the 

knee [15]. Ground electrodes are attached to the center of the 

dominant leg malleolus.

Muscle activation of the AH, TA and MG, LG muscle was 

measured for 5 seconds of two repetitions during the two leg 

heel-up action.

The maximum voluntary isometric contractions (MVICs) of 

each muscle were measured based on a study by Kendall et al. 

[18] for normalization of muscle activity. In order to prevent 

skin contact between the tester and the target during MVIC 

measurement, insulation condition was created using a towel. 

The MVIC of the AH-muscle was applying resistance to the 

inner face of the thumb toe with the other hand, by perform-

ing a MVIC in the opposite direction of the resistance applied.

The MVIC of the TA-muscle was measured by holding the 

subject’s dominant distal calf in the position in which the sub-

ject sat directly, and then applying resistance in the direction 

of inversion-plantar flexion of the feet with the other hand, by 

performing a MVIC in the opposite direction of the resistance 

applied.

The MVIC of the MG and LG muscles was measured while 

the subject was prone to the table, and the maximum isometric 

contraction was performed when the tester held the subject’s 

heel and applied resistance in the instep bending direction.

Muscle activity was repeated 2 for 5 seconds in the MVIC 

measurement of each muscle. The average 2-time root-power 

values for the middle 3 seconds, excluding the first and last 1 

second of the measured RMS values for 5 seconds, were used 

as the normalized value (%MVIC) [18].

2) Navicular drop test

In this study, the test was performed using an index card and 

a ruler.

Subjects were asked to wear shorts and participated in the 

experiment with bare feet. After being asked to sit comfortably 

in a chair with the hip and knee joints bent at 90 degrees, the 

feet are put down on the floor without weight support on a 

solid support surface. The examiner placed the ankle and sub-

talar joint in a neutral position and then performed a domi-

nant leg side examination (Figure 1). 

The examiner marked the rough surface of the medial na-

vicular tuberosity on the side of the subject’s dominant leg, 

and then marked the vertical distance to the floor on a thin 

and long index card without elasticity. When the test was per-

Figure 1.Figure 1. Navicular drop test. 
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formed, the use of the upper limb was instructed to be exclud-

ed, and at the time of the tester’s signal, the subject was asked 

to stand with the same weight on both feet while supporting 

the body weight.

After the subject was instructed to stand up completely from 

the chair at a comfortable speed, the examiner marked the 

marking on the rough surface of the medial navicular tuberos-

ity on the subject’s dominant leg side on the index card in the 

same way and recorded the vertical distance difference.

3) BHR

Both the flat-feet and healthy-feet groups were examined 

the BHR-test, and the EMG only applied to the dominant leg 

(Figure 2). For the test, subjects were tested barefeet in shorts. 

The subjects were allowed to stand comfortably facing the wall 

without bending the knee joints and hip joints, and to support 

the wall using a small force that would allow them to bend 

their elbows and maintain balance with their fingers when the 

task began. Inspecting the dominant legs, the subjects were 

told to raise their heels to the maximum height to maintain 

balance between 5 and 15 seconds. To minimize discomfort 

and maximize the maximum heel height, the subject was re-

peated up to two times. It was also required to maintain the 

heel lifting position for 5 seconds to collect the subject’s EMG 

data.

4) Statistical analysis

PASW ver. 18.0 (Formerly SPSS Statistics; IBM Co., Armonk, 

NY, USA) was used for data analysis. Independent t-test was 

used to analyze the characteristics between the flat-feet group 

and the healthy feet group and the resulting values of the me-

dial and lateral plantar flexion muscle activities (%MVIC). Sta-

tistical significance is set to the value of p < 0.05.

RESULTS

There were no significant differences between two groups in 

physical characteristics and mean values (Table 1).

There were no significant differences between flat and 

healthy feet groups in muscle activity of AH-muscle, TA-mus-

cle, and MG-muscle during BHR-task (Table 2). 

The muscle activity of the LG muscle during BHR-task was 

significantly lower in the flat feet than in the healthy feet group 

(flat feet: 64.57 ± 33.74 [% MVIC], healthy feet: 90.17 ± 14.63 

[% MVIC], p = 0.038). 

DISCUSSION

This study investigated the differences in changes of medial 

and lateral plantar flexors in subjects with flat feet during BHR-

task and analyzed the differences in muscle activity between 

two groups by measuring the EMG of four medial and lateral 

plantar flexors. The purpose of this study is to provide basic 

information to aid in the flat feet intervention methods.

Table 1.Table 1. Demographics characteristics of participants (N = 21) 

Variables Flat feet Healthy feet t p

Sex (females) 11 10 - -
Age (y) 28.18 ± 2.56 28.00 ± 2.78 0.156 0.878
Height (cm) 161.27 ± 6.63 160.55 ± 6.08 0.259 0.798
Mass (kg) 60.36 ± 12.46 59.30 ± 11.04 0.206 0.839

Values are presented as number only or mean ± standard deviation. -, 
not available.

Table 2.Table 2. Medial and lateral plantar flexor activation during heel-raising in 
each group (unit: %MVIC) 

Variables Flat feet Healthy feet t p

Abductor hallucis 63.99 ± 19.68 52.76 ± 24.13 1.17 0.255
Tibialis anterior 29.57 ± 22.04 29.57 ± 18.93 0.000 > 0.999
Lateral 
   gastrocnemius

64.57 ± 33.74 90.17 ± 14.63 –2.29 0.038*

Medial 
   gastrocnemius

88.41 ± 11.23 85.84 ± 11.10 0.527 0.863

%MVIC, % maximum voluntary isometric contraction. *Statistically sig-
nificant at the level of p < 0.05.

Figure 2.Figure 2. Electromyography (EMG) attachment site: EMG applied to the 
dominant leg.
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It was found in this study that subjects with flat feet have 

lower LG-muscle activity compared to subjects with normal 

one, and accordingly, a difference was observed in the use of 

LG-muscles in performing BHR.

For the difference between groups, while there were no sig-

nificant differences in AH-muscle, TA-muscle, and MG-muscle, 

the muscle activity of LG-muscle was statistically significantly 

low in flat feet group (64.57% MVIC) compared to Healthy feet 

group (90.17% MVIC). A previous study comparing tension of 

the lower extremity muscles of subjects with flat and Healthy 

feet reported that the tension of MG-muscle is higher in sub-

jects with flat feet compared to ones with normal one [18]. 

The result of this study is consistent with a previous one that 

explained the muscle activity between two groups using the 

lower biomechanical function to absorb the external shocks in 

daily life of individuals with flat feet compared to those with 

normal one [19]. It is considered that this is also applied to the 

results of this study that the muscle activity of LG-muscle is 

lower in flat feet group than that of normal group.

The subjects of this study were asked to perform BHR-task. 

This movement that use ankle plantar flexors applying body 

weight as a load is a standard clinical measure used by Lovett 

in early 1900s to measure muscle strength [20]. In order to 

reduce the influence of the variable, a stable balance was pro-

vided by presenting the bipedal heel rise-task. This study, ac-

cordingly, the muscle activity was measured by adopting BHR 

with established reliability to compare the muscle activity of 

the medial and lateral plantar flexors in subjects with flat feet. 

The BHR, a commonly performed movement during daily life 

or sports activity, increases especially the muscle activity of 

the gastrocnemius muscle. The previous studies have shown 

that the changes in feet posture may lead to risk of injury to 

the lower leg in abnormal muscle activity [11].

The significant difference between two groups in this study 

was found only in LG-muscle. The AH-muscle is one that, to-

gether with the TA-muscle, supports the MLA and supports the 

arch of the feet [9]. In the subjects with flat feet where exces-

sive pronation of the feet occurs due to the collapse of the MLA 

resulting from insufficient support for the structures during 

the weight-bearing performance [4], low muscle activities of 

AH-muscle and TA-muscle are observed. However, the differ-

ence in the average muscle activity of the AH-muscle between 

the two groups during BHR-task was 11.23% MVIC, though it 

was not statistically significant (flat feet group: 63.99% MVIC; 

Healthy feet group: 52.76% MVIC). This is thought to be the 

factor that activated the AH- muscle by acting as an appropri-

ate load on the subjects with flat feet in the BHR-task.

It was considered, based on the results of this study, that 

the subjects with flat feet had difficulties in using MG and LG 

muscle in balance unlike those with Healthy feet and that ac-

tivation of their AH-muscle is promoted. Taken together, it is 

considered that the development of an intervention to promote 

the activation of LG-muscle and relieve the MG-muscle of in-

dividuals with flat feet is needed. The BHR-task was adopted 

to measure muscle activity of the medial and lateral plantar 

flexors. 

The reason there were difference, though not being the sig-

nificant one, in muscle activity and their ratio of AH-muscle 

between flat and Healthy feet groups is that the task acts as a 

proper loading enough to strongly activates the AH-muscle.

This study has following limitations: First, it is difficult to 

generalize the results because the total number of subjects was 

not enough, with 11 and 10 for the flat and Healthy feet group, 

respectively. In addition, it is also difficult to generalize the re-

sults to both male and female because all subjects were female. 

Second, the muscle activities were analyzed with only one task 

of BHR, making impossible to compare with other motions and 

the EMG of only four muscles of the lower extremity was mea-

sured rather than including other muscles. Lastly, the subjects 

just with difference more than 10 mm in NDT were included 

in flat feet group and the difference in muscle activity through 

more detail classification within the flat feet group was not 

analyzed.

It is recommended, based on the characteristics of medial 

and lateral plantar flexor in individuals with flat feet observed 

in this study, to perform studies in future on the intervention 

considering the biomechanical characteristics of them after 

supplementing above limitations.

CONCLUSIONS

This study aimed to investigate the difference in medial and 

lateral plantar flexors during heel lifting task between flat (n = 

11) and normal (n = 10) feet groups and, for the purpose, the 

EMG of four medial and lateral plantar flexors were measured 

and their differences were compared and analyzed.

The result showed that the subjects with flat feet have sig-

nificantly lower activity of LG muscle compared to those of 
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subjects with normal one. This indicates that the development 

of intervention considering the biomechanical characteristics 

of individuals with flat feet is feasible.
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