
 

 

  
Abstract—The purpose of this study was to evaluate the 

biomechanical characteristics of lower limbs on a subject group of pes 
cavus based on plantar foot pressure and electromyograph (EMG) 
activities by the effects of the custom-made insoles. The subjects were 
10 females who were diagnosed bilateral pes cavus by a podiatrist 
among 30 females in their twenties (an age 22.3±0.08 years, a height 
159.9±2.2 cm, a weight 50.8±3.69 kg, a foot size 237.9±3.27 mm, 
mean±SD). The subjects walked on a treadmill under two different 
experimental conditions: walking on Normal Shoes (NS) condition 
and walking on normal shoes with the Custom-made Insoles (CI) 
condition. When walking, plantar foot pressure data such as the 
contacting area, the maximum force, the peak pressure and the mean 
pressure were collected using Pedar-X System (Novel Gmbh, 
Germany) and EMG activities of four lower limb muscles such as 
Rectus Femoris (RF), Tibialis Anterior (TA), Musculus Biceps 
Femoris (MBF) and Medial Gastrocnemius (MG) were also gathered 
using Delsys EMG Work system (Delsys, USA). Accumulated data 
was then analyzed using paired t-test in order to investigate the effects 
of each of experimental condition. As a result of the analysis, the 
maximum force, the peak pressure and the mean pressure of midfoot 
increased by the contacting area increased of midfoot when the 
custom-made insoles were equipped, so the contacting area and the 
maximum force of forefoot and rearfoot decreased. In addition, the 
peak pressure and the mean pressure of rearfoot decreased 
significantly. In case of EMG, all the muscle activities decreased 
significantly when wearing the custom-made insoles. An important 
contribution of this study is an analysis of all the changes in muscle 
activities caused by wearing the custom-made insoles. Thus, the result 
of this study can be applied for designing functional insoles and lower 
extremity orthoses for individuals with pes cavus. 
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I. INTRODUCTION 
eet play the most important role in the bipedalism and the 
standing posture of human. Feet, only 5 % of the entire 

surface of the body, sustain the body weight of 95 % and have 
the function of absorbing the impact from the ground [1]. When 
human walk for 1 km, about 15 t weights increase on feet and 
pressure occurred by weight or the push-off exercise cause 
stress or the soft tissue strain. 

Locomotion is motion to move position and gait is special 
exercise to work a combination of the feet, legs and waist during 
moving the human body from one point to another [2]. The 
human bipedal including walking, running and jumping 
involves a high amount of balancing and stability along with 
complex synchronous oscillation of its different joints of the 
body [3]-[4]. The gait movement is the most natural action in 
human and the default behavior that anyone can easily if have a 
normal body. However, the gait is a possible action if the 
skeletal muscles and nerves of human are used and coordinated 
complexly among the various joints. When body move forward, 
one of the lower limbs maintain stability by supporting weight in 
stance phase during another lower limb step forth. Using this 
sequence of the lower limbs is the gait of human [5]. 

Pes cavus, commonly known as “high-arched foot” or 
“cavoid foot”, is a medical condition in which the medial 
longitudinal arch (MLA) that runs the length of the foot raised 
and structurally accepted to be rigid and a complicated 
deformity to cause the equinus of forefoot or the varus of 
rearfoot [6], [7]. It is cause that the excessive internal version of 
ankle joint and knee joint or muscles constricted by high-heel or 
disease like polio that transform musculoskeletal. As a 
consequence, the area that the foot contacts the floor is 
narrowed while the ankle or heel is tilted out exteriorly. In case 
of mild, patients are often no symptoms but patients with an 
advanced disease feel fatigue of walking easily and appeal 
oppressive pain frequently in metatarsal heads [8]-[12]. Over 
time, the mechanical overloading resulting from the raised 
MLA adversely affects the balance of body and causes diseases 
such as plantar fasciitis, metatarsalgia, sesamoiditis and 
asymmetry of the pelvis [13]-[15]. 

Pes cavus deformities are commonly treated using surgical 
method or orthoses like custom-made insoles [16], [17]. The 
orthoses, non-invasive method, are defined as being external 
devices applied to a body segment in order to prevent or correct 
the disfunctionality of that segment (mobility limitation, 
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correction or prevention of vicious positions or deformations, 
reduction of the axial load) [18]. The custom-made insoles are 
produced to fit patient’s feet for decreasing pain from fatigue 
and disease in feet. It controls the movement of abnormal foot 
and reduces symptoms of diseases caused by plantar pressure 
and distributes weight properly [19]. They are also used for 
controlling the excessive or the undesired movement [20]. 
According to former studies on the effect of the custom-made 
insoles, results from several researches show difference at a 
measurement factor. B. M. Nigg, W. Herzog and L. J. Read 
analyzed the changes in the peak vertical force and the 
maximum vertical loading rate in a group wearing shoes with 
four different types of insoles. The results showed that the 
different insoles had no appreciable influence on the measured 
values [21]. G. P. Brown, R. Donatelli, P. A. Catlin and M. J. 
Wooden found different insoles resulted in no significant 
difference in the maximum pronation, calcaneal eversion or 
total pronation of the foot [22]. On the other hand, the 
custom-made insoles prevent usually a deformity and a necrosis 
of feet by dispersion of pressure on forefoot where an ulcer is 
caused in diabetes patients [23]-[25]. S. Albert and C. Rinoie 
noted that a plantar foot pressure was reduced by 30-40 % in 
area of first metatarsal head and medial calcaneus and increased 
by 5-10 % in a total contacting area when insoles were equipped 
[26]. C. M. Windle, S. M. Gregory and S. J. Dixon reported the 
custom-made insoles for absorbing a ground reaction reduced 
by 37 % in heel and by 27 % in forefoot [27]. J. H. Kang, M. D. 
Chen, S. C. Chen and W. L. His informed that a pain on forefoot 
and metatarsal was caused by excessive pressure load. The 
results of the study were that plantar pressure was distributed 
and pain was relieved after wearing insoles with a metatarsal 
pad for 2 weeks [28]. Mueller et al. noted that maximum plantar 
pressure and integral pressure-time were reduced by 16-24 % 
under area of metatarsal heads when the total-contact insoles 
which controlled abnormal movement of feet and dispersed 
excessive plantar pressure were equipped and decreased by 
29-47 % when the total-contact insoles with metatarsal pad 
which dispersed pressure of forefoot additionally were 
equipped [29]. J. Y. Jung, J. H. Kim, P. H. Trieu, Y. G. Won, D. 
K. Kwon and J. J. Kim reported the custom-made insoles 
distributed concentrating pressure of specific area to the whole 
of foot and relieved impact and pain by high pressure [19]. 

To date, study about gait characteristic of the custom-made 
insoles have been conducted but more accurate studies are 
necessary because there are still a wide variety of variables such 
as various diseases of foot and forms of insole on the influence 
of the custom-made insoles. So far, most of previous studies 
were research the effect of the custom-made insoles from the 
viewpoint of pressure distribution but muscles activity of lower 
limbs on grounds of mechanical movement when walking was 
not investigated. That is why the purpose of this study was to 
provide the information of biomechanical as analyzing the 
influence of the custom-made insoles in plantar foot pressure 
and muscle activity.  

II. METHODS 

A. Subjects 
The study was conducted using on 10 persons who were 

diagnosed bilateral pes cavus by a podiatrist among 30 females 
in their twenties (Figure 1, Table 1). All subjects had no history 
of injury in the musculoskeletal system of the lower extremities 
except pes cavus. An ethical approval was obtained from the 
Human Ethics Committee of Chonbuk National University 
Medical School, and the subjects were provided information 
about this study like purpose and procedure and sign the test 
consent form. 

 

 
Fig. 1. Diagnosis and prescription 

 
Table 1. Subject Characteristic 

Characteristics Subjects 

Age (years) 22.3±0.08 

Height (cm) 159.9±2.2 

Body Mass (kg) 50.8±3.69 

Shoe Size (mm) 237.9±3.27 
 

B. Clinical Assessment 
To classify shape of the foot, Resting Calcaneal Stance 

Position (RCSP) is measured, radiograph of the lower limbs is 
taken or soleprint is checked by a podiatrist [30]-[34]. Method 
using RCSP measurement is the most commonly used in clinical 
diagnosis. It is showed to important way that position of the 
calcaneus is not only appeared in stance phase of gait but also 
inversion or eversion is decided in forefoot [35]. Through this 
measurement, the foot is categorized into normal foot, pes 
planus, pes cavus or etc (Figure 2-(a)). The most usually method 
to analyze rearfoot composed of the talus and calcaneus among 
bones in the foot is what inversion and eversion of calcaneus is 
measured [36]. 

For measurement of RCSP, bisector is marked on bilateral 
facet of the heel after a subject is laid easily to prone position, 
and a slope of the calcaneus bisector is measured by using 
anglefinder (700 contractor magnetic angle locator, Johnson 
level & Tools, USA) after a subject is stood naturally on 
spreading to 10~15 cm between the foot (Figure 2-(b), (c), (d)). 

As results on research of cavus foot by the talonavicular joint 
in neutral state, three kinds of pes cavus cause were unearthed.  
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Fig. 2. Clinical assessment 

(1) Adduction of forefoot to transverse plane in weightbearing 
line, (2) Eversion of forefoot to frontal plane, (3) Inversion of 
the heel to frontal plane [37]-[39]. The 1st metatarsal is to be 
plantar flexion, and range of that is widened. In general, the 
cavus foot has characteristics that adduction and eversion of 
forefoot and varus of the heel intensify in transverse plane. 
These deformities are not curved nearly to the opposite side, and 
degree of deformities would degenerate if condition is heavy. 
The pes cavus is caused if one of these deformational structures 
appear, but all of abnormalities is verified if the pes cavus is 
severe. 

C. Study Design 
In this study, all subjects walked on a Gait Trainer treadmill 

(BIODEX., New York, USA) under two conditions: walking 
with Normal Shoes (NS) and walking with the Custom-made 
Insoles in normal shoes (CI). Each subject walked on a treadmill 
at a step speed of 3.0 km/h in reference to 1.08 m/s that was the 
average woman step speed in Korea [40]. Before the 
experiment, subjects walked for 5 minutes took rest for 5 
minutes to prevent fatigue in between experiments. For 
comparative analysis of data from NS and CI, subjects were 
asked to walk five times for 1 minute during each condition 
(Figure 3).  
 

 
Fig. 3. Experiment process 

 

D. Tool 
The custom-made insoles were made by prescriptions of 

podiatrist to reduce the supination of the foot for each subject 
and molded with insertion of metatarsal pads to distribute 
pressure concentrated in forefoot area and had structure to 
reduce heel tilted out to exterior. It were composed of 2/3 length 
insole because foot pressure could be changed by material of 
patched part in forefoot and results by structures for reducing 
pes cavus symptoms would be analyzed objectively. The shell, 
metatarsal pad and surface of the custom-made insoles were 
composed of polypropylene, polyurethane and artificial leather, 
respectively (Figure 4). Shoes were selected common running 
shoes and the custom-made insoles were inserted in shoes 
suitably (Figure 5). 
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Fig. 4. Casting the custom-made insoles 

 

 
Fig. 5. Shoes 

 

E. Data Collection 
In this study, plantar foot pressure and electromyography 

(EMG) were measured to evaluate the effect of the 
custom-made insoles on gait. Muscle activities were recorded 
using the Delsys EMG Work System (Delsys Inc., Boston, 
USA) which was able to collect data from 8 channels (Figure 6). 
DE-3.1 surface electrodes (Delsys Inc., Boston, USA) were 
attached to the rectus femoris (RF), the tibialis anterior (TA), 
the musculus biceps femoris (MBF) and medial gastrocnemius 
(MG) of both legs (Figure 7) [41]. Foot pressure distributions 
were measured using the Pedar-X system (Novel GmbH, 
Munich, Germany). Each insole was composed of 99 capacitive 
sensors (sample rate 100 Hz) and measured plantar foot 
pressure data were transmitted by using a Bluetooth connection 
to a computer and recorded (Figure 6). The reliability of this 
system has been documented in previous studies [1], [42]. 
 

 
Fig. 6. Pedar X-system and Delsys EMG system 

 

 
Fig. 7. Measurement of EMG 

 

F. Data Analysis 
After the bilateral foot was divided into three areas of masks 

(forefoot, midfoot and rearfoot) to compare plantar foot 
pressure data collected from each condition, data of contacting 
area, maximum force, peak pressure and mean pressure were 
analyzed (Figure 8). The masks were defined and data were 
analyzed using Pedar-X Analyze Software (Novel GmbH., 
Munich, Germany). Measured EMG signals from surface 
electrodes attached on each muscle were filtered by bandpass 
filter (passband 20-450 Hz) and sampled at 1,000 Hz to reduce 
EMG noise and collect accurate data. The muscle activity was 
analyzed integrated EMG (IEMG) value. 

 

 
Fig. 8. Definition of masks 

G. Sataistical Analysis 
Data of plantar foot pressure and muscles activities from NS 

and CI conditions were analyzed and compared using SPSS 
18.0 statistical software (SPSS Inc., Chicago, USA). A paired 
t-test was performed to compare between data and a statistical 
significance was determined at p < 0.05 level. 
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III. RESULT 
Through a distribution of plantar foot pressure measured in 
three masks, a contacting area decreased by 2.63 % (NS : 40.24 
cm2, CI : 38.17 cm2) and 1.5 % (NS : 32.44 cm2, CI : 31.48 cm2) 
respectively in forefoot and rearfoot significantly and increased 
by 12 % (NS : 30.21 cm2, CI : 38.45 cm2) significantly in 
midfoot when CI condition (Fig. 9, Table 2). A maximum force 
decreased also by 2.58 % (NS : 312.58 N, CI : 296.83 N) and 
3.14 % (NS : 301.66 N, CI : 283.29 N)  respectively in forefoot 
and rearfoot significantly and increased by 29.68 % (NS : 
133.87 N, CI : 236.39 N) significantly in midfoot (Fig. 9, Table 
2). In case of a peak pressure, it decreased by 0.58 % (NS : 
153.5 kPa, CI : 151.73 kPa) significantly in rearfoot and 
increased by 2.28 % (NS : 171.09 kPa, CI : 179.06 kPa) and 
5.58 % (NS : 116.98 kPa, CI : 130.8 kPa) respectively in 
forefoot and midfoot significantly when CI condition (Fig. 10, 
Table 2). A mean pressure on CI condition decreased by 0.07 % 
(NS : 82.51 kPa, CI : 82.39 kPa)  and 0.81 % (NS : 94.36 kPa, 
CI : 92.84 kPa)  respectively in forefoot and rearfoot and 
increased by 10.69% (NS : 52.99 kPa, CI : 65.67 kPa) 
significantly in midfoot. A mean pressure of forefoot was no 
statistical significance (Fig. 10, Table 2). 

Through EMG measured, muscle activities of RF and TA 
were decreased significantly by 1.74 % and 5.61 % respectively 
when CI condition (Fig. 11, Table 3). In case of MBF and MG 
on CI condition, muscle activities also decreased respectively 
by 3.01 % and 6.38 % significantly (Fig. 12, Table 3).  
 

 

 
Fig. 9. The results of the contacting area and maximum force 

 

 
Fig. 10. The results of the peak pressure and mean pressure 

 
Table 2. The result of plantar pressure, * p < 0.05 

  Normal Shoes 
(NS) 

Custom-made 
Insoles (CI) 

Contacting 
Area 
(cm2) 

Forefoot 40.24 
±4.23 

38.17 
±4.79* 

Midfoot 30.21 
±5.77 

38.45 
±5.16* 

Rearfoot 32.44 
±1.23 

31.48 
±1.95* 

Force 
(N) 

Forefoot 312.58 
±49.20 

296.83 
±53.79* 

Midfoot 133.87 
±37.8 

236.39 
±58.49* 

Rearfoot 301.66 
±54.21 

283.29 
±48.36* 

Peak 
Pressure 

(kPa) 

Forefoot 171.09 
±34.9 

179.06 
±49.4* 

Midfoot 116.98 
±48.33 

130.8 
±35.01* 

Rearfoot 153.5 
±22.53 

151.73 
±27.48* 

Mean 
Pressure 

(kPa) 

Forefoot 82.51 
±10.81 

82.39 
±13.21 

Midfoot 52.99 
±10.83 

65.67 
±11.13* 

Rearfoot 94.36 
±15.97 

92.84 
±16.14* 
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Fig. 11. The result of EMG in Rectus Femoris (RF) and Tibialis 

Anterior (TA) 
 

 

 
Fig. 12. The result of EMG in Musculus Biceps Femoris (MBF) 

and Medial Gastrocnemius (MG) 

 
Table 3. The result of EMG, * p < 0.05 

(unit : Vrms ∗ sec) Normal Shoe 
(NS) 

Custom-made 
Insoles (CI) 

Rectus Femoris 
(RF) 

0.0056 
±0.0013 

0.0054 
±0.0012* 

Tibialis Anterior 
(TA) 

0.0179 
±0.0035 

0.0159 
±0.0031* 

Musculus Biceps Femoris 
(MBF) 

0.0057 
±0.0009 

0.0054 
±0.0009* 

Medial Gastrocnemius 
(MG) 

0.0156 
±0.0033 

0.0137 
±0.0034* 

 

IV. DISCUSSION 
In this study, the results of comparative analysis on 

distribution of plantar foot pressure showed that a plantar 
pressure increased by the weight concentrated on area of 
forefoot and rearfoot in pes cavus foot. When the subjects 
walked with wearing custom-made insoles in shoes, a 
contacting area, a maximum force, peak pressure and mean 
pressure in midfoot increased significantly by the effects that 
were structural characteristics which reduced heel tilted out 
exteriorly and metatarsal pads which distribute a plantar foot 
pressure in forefoot. As a result, all of the contacting area, the 
maximum force, the peak pressure and the mean pressure 
decreased significantly in rearfoot. The contacting area and 
maximum force also decreased significantly in a forefoot. 
However, the peak pressure increased and the mean pressure 
had no significant difference. This results were judged by the 
influence of 2/3 length custom-made insoles which contacted 
only area of midfoot and rearfoot. A comparative research was, 
therefore, necessary with full length custom-made insoles for 
future experiment. 

All of the four measured muscle activities decreased 
significantly when subjects walked with wearing custom-made 
insoles in shoes. More muscles in the lower limbs are needed to 
prevent a body unbalance caused by higher MLA of pes cavus 
deformities. When walking in shoes with wearing custom-made 
insoles, therefore, a reduction of EMG activity means that 
custom-made insoles support a relief from burden and a pain on 
the lower limbs muscles by delaying fatigue.  

V. CONCLUSION 
In this study, we evaluated the biomechanical characteristics 

of lower extremities while 10 females walked in wearing shoes 
and shoes with custom-made insoles manufactured to relieve 
pes cavus deformities. The results analyzed data of a contacting 
area, a maximum force, peak pressure and mean pressure 
calculated using plantar foot pressure measure system showed 
that plantar pressure was distributed on forefoot and rearfoot by 
the increasing contacting area in midfoot. Peak pressure and 
mean pressure in forefoot had different trends. These results 
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were considered due to the use 2/3 length custom-made insoles, 
not full length ones. In EMG, all of muscle activities were 
decreased from the results of activities analyzed on RF and TA 
concerned in dorsiflexion and MBF and MG concerned in 
plantarflexion. The conclusion of this study was that 
custom-made insoles for pes cavus foot affected significantly 
the biomechanical movement of lower extremities on gait. The 
result of useful analyses will able to utilize manufacture of 
functional insoles and lower extremity orthoses for individuals 
with pes cavus. This study shows that custom-made insoles can 
improve plantar muscle activities in pes cavus patient. 
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