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Foot Arch and Plantar Pressure in the Age of 17-21 Years
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Abstract: Research on the plantar segment has not been widely carried out in
Indonesia’s population, even though the plantar segment data will be essential in
further research and therapy of plantar-related problems. Therefore, this research
intends to describe the plantar profile: the foot arch and the plantar pressure
difference between the right and left foot. This research applied a cross-sectional
study. Subjects were recruited from the Faculty of Medicine students, Universitas
Indonesia, class 2012, with inclusion criteria aged 17-21 years and normal gait.
Meanwhile, the exclusion criteria consisted of having postural abnormalities, a
history of neuromusculoskeletal disorders in the lower limbs, a history of fractures
in the spine and legs, a history of surgery on the spine and legs, and refusing to
participate in the study. Research subjects stood on a plantar scanner, conducted
at the Anatomy Laboratory, the Faculty of Medicine, Universitas Indonesia. The
Mann-Whitney test was then used to analyze the difference in plantar pressure
between the right and left foot. The results revealed that a hundred research
subjects had a proportion of a low foot arch of 4%, a normal foot arch of 89%, and
a high foot arch of 7%. The median right plantar pressure was 273.5 KPa, while
the median left plantar pressure was 253.5 KPa. The Mann-Whitney test showed a
pvalue of 0.954 for the pressure difference between right and left foot. There was
no plantar pressure difference between the right and left foot.
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Abstrak: Penelitian mengenai segmen plantar belum banyak dilakukan pada populasi di
Indonesia. Data segmen plantar akan sangat penting dalam penelitian selanjutnya dan
untuk terapi masalah yang berkaitan dengan plantar. Penelitian ini bertujuan untuk
memperlihatkan profil plantar yaitu arcus pedis dan perbedaan tekanan plantar kanan dan
kiri. Penelitian ini merupakan penelitian potong lintang. Subjek direkrut pada mahasiswa
Fakultas Kedokteran Universitas Indonesia angkatan 2012 dengan kriteria inklusi berusia
17-21 tahun dan memiliki gaya berjalan normal. Kriteria eksklusi adalah memiliki kelainan
postur, memiliki riwayat kelainan neuromuskuloskeletal pada tungkai bawah, riwayat
fraktur pada tulang belakang dan tungkai, riwayat operasi pada tulang belakang dan
tungkai, dan menolak untuk ikut dalam penelitian. Subjek penelitian berdiri pada alat
pindai plantar, yang dilakukan di Laboratorium Anatomi Fakultas Kedokteran Universitas
Uji Mann Whitney digunakan untuk analisis perbedaan tekanan plantar.
Seratus subjek penelitian dengan hasil proporsi arcus rendah 4 %, arcus normal 89 % dan
arcus tinggi 7 %. Median tekanan plantar kanan adalah 273,5 KPa dan Median tekanan
plantar kiri adalah 253,5 KPa. Uji Mann-Whitney menunjukkan p 0, 964. Proporsi arcus
rendah 4 %, arcus normal 89 % dan arcus tinggi 7 %. Tidak ada perbedaan tekanan yang
bermakna pada kedua plantar.

Indonesia.

Kata Kunci: lengkung kaki; tekanan plantar; gaya jalan normal
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INTRODUCTION

Data on the plantar segments of the population is vital as epidemiological support and can be used
as a basis for further research or therapy if there are any abnormalities in the plantar segment.” The data can
also provide education, treatment, or rehabilitation for problems with pressure differences in the two feet.?3
Research on the plantar segment will show a low, normal, and high foot arch.#> In other countries, research
on the plantar segment has found many characteristics in sports and has turned to the making of the plantar
insoles. However, data in Indonesia is still low, people do not know their foot arch, and particular research
tools are still limited.

In addition, the plantar segment has several characteristics, mainly foot arch and pressure. The
pressure received by the two plantar is not the same. It will lead to problems, such as pain in the legs when
standing and walking.® The magnitude of the pressure difference also allows for pain and changes in gait.”
This difference can be treated or rehabilitated anatomically by reducing pressure on one foot or providing
footwear with a particular shape.® A study has shown that decreased pressure can provide comfort to the
feet, reduce walking pain, and increase the duration and distance of running than before.?

Moreover, the foot can be checked and profiled. The profile obtains the foot arch and can assess
foot pressure or surface area directly with the soil or ground. In this regard, advances in technology affect
the type of tests that can be performed. Manual measurement with computer technology is now available.
Several tests in anthropology profile measurements include os navicular height measurements,>'
longitudinal arch angle measurements,” measurements using calipers,” measurements using digital
photography and radiographic,” digital scanning and neutral suspension casting techniques,* RGB-D
cameras," flexible membrane pressure sensors,' and 3D foot shapes."

Compared with other methods, MatScan [Tekscan, US] has several advantages. MatScan is a non-
invasive instrument that can provide data about the plantar, including the exact number (in this case,
pressure in detail) compared with the plantar print that gives a little discomfort after testing caused by the
ink or powder, and in plantar prints, one cannot get the pressure. However, other plantar systems are high
cost and require very careful maintenance; yet, it is often used in studies exploring the walking mechanisms
and the walking disorders.

In Hongkong, a study on the plantar profile was intended to consider insole or shoe factories to
make more comfortable shoes,” similar to a study in high school students in Bandung, Indonesia.” In
addition, research on Indonesian pilgrims showed that foot arch type was correlated to walking endurance.?°
Nevertheless, there is still no research based on the population and use of plantar scanners in Indonesia.
Therefore, the general objective of this study was to obtain a foot segment profile, with the specific objective
of obtaining data on the foot arch and plantar pressure on the right and left foot.

MATERIALS AND METHOD

This research had passed ethical approval from the Health Research Ethics Committee of the Medical
Faculty UI-RSCM number 256/H2.F1/ETIK/2013 on 29™ April 2013. This study is an analytical study at the
Department of Anatomy, Faculty of Medicine, Universitas Indonesia. The research was conducted in April-
June 2013.

Subjects were individuals at the end of bone fusion who met the inclusion and exclusion criteria. The
inclusion criteria for this study were individuals aged 17-21 years and who had a normal gait. A normal gait has
the following characteristics: walking in a straight line, walking in a still posture (no deviation), and no pain
while walking. Subjects were asked to walk about six meters, which were then assessed for their gait.

Meanwhile, the exclusion criteria in this study consisted of having postural defects, such as lordosis,
kyphosis, and scoliosis, a history of neuromusculoskeletal disorders in the limbs, a history of fractures in the
lower back and/leg, a history of lower back surgery and/leg, and those who refused to participate in the study.

Then, the sample size was determined by the relative deviation of the estimated proportion using
the following formula:

n= le—aIZ(l_ P)
- 2
&P
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Figure 1. Foot Arch Measurement

The calculation result of the n-value was 98. In this study, subjects were chosen using the
consecutive sampling method. Then, the authors rounded up the sample to 100 and decided to get the same
number of male and female subjects.

The tools utilized in this research were weight scales and height measuring Health O Meter, plantar
scanner MatScan, and demographic data questionnaire. The data obtained from the Matscan was a plantar
image, which then the arch could be determined.

MatScan was used to show the appearance of the plantar arch and give a significant number of
plantar pressures. The plantar arch can be divided into normal, low, and high according to this way. First, the
plantar pressure image was saved as (a) in figure 1 (@), then a center point was made on the heel (fig. 1 (b)),
and a foot axis line was drawn between the center point of the heel and the second metatarsal (fig.1 (c)).
Normal arch is when the median segment of the foot is contiguous to the foot axis line. The low arch is when
the median segment of the foot crosses the foot axis line, or all median parts of the median segment touch
the ground. Meanwhile, the high arch is when the median segment of the foot is far from the foot axis line,
or there is no median part of the median segment that touches the ground.

Figure 2 shows the appearance of the foot arch based on MatScan after the foot line was added.
Besides, the other data were the pressures. The pressure differences between the right and left foot were
analyzed utilizing the Mann-Whitney test.

Moreover, in the early examination, subjects were interviewed about demographic data and pain or
discomfort while standing and walking.

/ N

RARAS

Normal Arch High Arch Low Arch

Figure 2. Foot Arch based on MatScan
RESULTS
The study subjects' characteristics are as follows: 50 (50%) subjects were male, and 50 (50%) subjects

were female. The age, height, weight, and Body Mass Index (BMI) were normally distributed, as presented
in Table 1.
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Table 1. Characteristics of the Subjects

No. Characteristic Mean SD Range
1. Age (years) 18.88 0.83 17-21
2. Height (cm) 162.83 8.88 142 - 182
3. Weight (kg) 60.59 11.55 38.20-98
4. BMI (kg/m?) 22.79 3.56 17.07 - 24

("P) 898 KPa| ("P) 993 KPa
v | 2N
€. '

Figure 3. MatScan Result on Plantar Pressure

For the plantar research subjects’ characteristics, a total of 89 subjects (89%) had a normal foot arch,
seven subjects (7%) had a high foot arch, and four subjects (4%) had a low foot arch. Normally, the foot arch
was the same in the right and left foot, as proven in this study.

The median right plantar pressure was 273.5 kPa and 314 kPa in mode. The median left plantar pressure
was 253.5 kPa and 310 kPa in mode. The median difference between right and left plantar pressure was 27
kPa to 18 kPa and 27 kPa in mode. The appearance of pressure (colors) and the value (KPa) can be seen in
Figure 3.

In addition, a total of 56 subjects (56%) had a higher mean on the right plantar pressure, and 44 subjects
(44%) had a higher mean on the plantar left. The median point of the highest right plantar pressure was 513
kPa with modes 445 and 642 kPa. Besides, the Mann-Whitney test showed p=0.954; statistically, there was
no difference between right and left plantar pressure.

DISCUSSION

The subjects in this study had undergone the end of bone fusion, known as the bones of the foot's
arch. In this research, if there were no external injury to the foot, the foot arch would barely remain as its
nature. The subject’s age group can minimize the bias from the foot arch changes based on the bone growth
process. In this regard, a history of absence in several deformities or injuries strengthens the foot arch form.

A person's foot arch can be classified into a normal foot arch, a high arch (pes cavus), and a low arch
(pes planus). A person with normal arches has no complaints. In high arches, the midfoot region is not in
contact with the surface, and there is no or minimal inversion or eversion when standing. This type of arch
has poor pressure absorption. Meanwhile, the low arch type is the opposite of the high arch type. This type
of arch tends to move excessively, where most of the plantar surface touches the surface and weakens the
medial side. This type of arch causes excessive pronation, especially during the support phase of walking.”

Moreover, foot abnormalities can occur due to many causes, such as congenital bone
malformations, muscle paralysis or spasticity, chronic stress and strain, improper shoes, or a combination of
these. Abnormalities can also be congenital and acquired disorders.>

This study obtained foot arch prevalence: normal foot arch of 89%, high arch of 7%, low foot arch of
4% in 100 study subjects, with the age range of 17-21 years utilizing a MatScan. No study has specifically
discussed the plantar profile in Indonesia with MatScan. In Australia, a study showed foot arch prevalence:
normal foot arch of 38 %, low arch of 33.7%, and high arch of 28.3% in 92 study subjects, with the age range of
18-45 years.* In America, a study resulted: normal foot arch of 44.3 %, low arch of 36.1%, and high arch of 19.6
%in 61 study subjects, with the age range of 18-77 years.®

There are several similar findings in this study. First, the subject’s age group started in 17 to 18 years
old, adult population at the end of bone fusion. Second, the number of subjects in each study was 100 or
below (range 61 to 100 subjects). Third, most foot arches were normal foot arch.
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Some foot arch studies in children definitely intended to research the changing form of foot arch
during their growth period, including bones and muscular growth, activities, and insole use. At the age of 17,
there will be no more changes in bone and muscular to affect the foot arch’s form.

Furthermore, the number of subjects depends on the researcher's goals, the method, the
instrument, and the research place. Different places, regions, cities, or even countries might offer different
research subject’s characteristics. The use of instruments can also give different perspectives and
experiences both for the researcher and the subjects.

All studies uncovered that most of the subjects had normal foot arch. Subjects with normal foot arch
usually had no problem and no complaint regarding their foot. Besides, this study is an initial study of foot
arch that can be developed further to seek the relationship between foot arch and gender, foot arch and the
foot problems, foot arch and body mass index, and foot arch and plantar pressure. Study to the different
populations can add foot arch database in Indonesia and the world, making people start thinking about their
body’s health from the foot.

In this study, plantar pressure examined normal subjects without any interruption or
neuromusculoskeletal posture. The mean of right plantar pressure was 313.83 kPa, the highest mean of right
plantar pressure reached 1344 kPa, and the lowest range was 52 kPa to 1293 kPa. The mean of left plantar
pressure was 307.18 kPa, the highest mean of left plantar pressure reached 1182 kPa, and the lowest range
was 48 kPa-1134 kPa. Thus, there was a big difference in right and left plantar pressure with a mean of 14.6%
and a range of 0.01-14.86 %. This difference should be resulted in pain or discomfort feeling while standing
and walking. However, from the interview, later after examination, none of the subjects felt pain or
discomfort.

Earlier, research was conducted in 2012 by Sanghan et al. in one of the hospitals in Sangkhla,
Thailand, in patients suffering from stroke and those who did not suffer a stroke as a control. Thirty subjects
aged 40-55 years consisted of 24 control subjects, and eight subjects studied stroke patients using a Pedar-X
insole plantar pressure system. It showed a difference of 4.28 to 4.59 % in the control group and 25.06 to
29.85 % in the stroke patients. It indicated that stroke could reduce plantar pressure on the plantar side of the
pain by 20-25 % of the normal plantar pressure difference.”

However, there is no specific research exploring plantar pressure in normal populations or the child
or elderly population; therefore, the current authors could only compare the data with the pathological
disease. Statistically, there was no plantar pressure difference between the right and left foot. Plantar
pressure was likely more explored in populations with handicaps or diseases. How about in a normal
population? Research can be conducted in normal populations to search plantar pressure and its relations
with daily activities, physical activities, problems when standing, walking, running, and using shoes in their
daily lives.

This study’s limitation was that it was only conducted in the age of 17-21 years, so that it could not
describe childhood, adult, and older population. This research was also conducted on a normal population;
then, it could not be compared with a person with a handicap or disease.

CONCLUSION

In conclusion, this research obtained the prevalence of a normal arch of 89 %, followed by a high arch
of 7% and a low arch of 4 %. Besides, there was no difference between right and left plantar pressure.
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