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Background The most commonly applied therapeutic intervention is foot orthosis (insole or
wedge) for arch support. However, the effect of these varies and remains controversial. Most of
the studies were that investigated the muscle activity of insole application, and there was no
information on what kind of recovery effect it had functionally.

Purpose The purpose of this study was to investigate the effect of transverse arch insole on lower
extremity kinematics in subject with flat feet during one-leg standing.

Study design A cross-sectional study

Methods Fifteen young women and five men participated in this study. Participants performed
one leg standing between with and without transverse arch support. During one-leg standing,
lower extremity movements (vertical/horizontal displacement of knee/ankle joints) were video-
recorded and then analyzed using Kinovea software. A paired t-test was used to compare the
characteristics between with and without the transverse arch insole.

Results The use of a transverse arch insole significantly decreased the vertical and horizontal dis-
placement of the knee and the vertical displacement of the ankle during one-leg standing in
subject with flat foot (p<0.05).

Conclusions Our study investigated the effects of transverse arch support on lower kinematics in
subject with flat feet during one leg standing. During one-leg standing, there were significant
differences between with and without transverse arch insole in lower extremities kinematics
(vertical/horizontal displacement of knee/ankle joints). Therefore, it was confirmed that support-
ing the transverse arch when treating or managing subjects with flat feet can reduce unnecessary

lower extremity movements and increase the stability of the body extremities.
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INTRODUCTION

The foot arch is composed of various bones, muscles and
soft tissues of the foot and performs various functions such
as weight bearing, shock absorption, and energy control.!
Foot arches are classified into longitudinal (medial/lateral)
and transverse.> A common injury to the foot arch in more
than 20% of the population is a flat foot.? It is characterized

by medial rotation and plantar flexion of the talus, eversion

https://doi.org/10.29273/jmst.2022.6.2.80

of the calcaneus, collapsed medial arch and abduction of the
forefoot and their causes are ligamentous laxity, neurogenic
and muscular abnormalities, genetics problems, and colla-
gen disorders.*3

Flat foot can be classified into flexible flat foot and rigid
flat foot. The rigid flat foot maintains the shape of a flat foot
regardless of whether or not it supports weight, but in the
case of flexible flat foot, the arch of the foot is only sup-
ported when weight is supported. It has the characteristic of
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collapsing.® Disintegration of the medial longitudinal arch
of the foot occurs during weight-bearing standing posture or
walking due to these various causes.” Flat foot is not only
influences the performance of the foot, but also affects the
alignments of the ankle, knee and hip joints. When the foot
arch flattened repeatedly causes abnormal alignment and
movement in the lower extremities, causing damage to the
lower extremity structure and pain.® Therefore, when evalu-
ating problems caused by flat feet, it is important to evalu-
ate not only the problems of the foot itself, but also prob-
lems that may occur in functional activity situations. Among
the various evaluation methods, the one-leg standing test is
a good test to evaluate the effect of flat feet on the move-
ment of lower extremity and because it is a movement that
occurs frequently during daily activities.’

The most commonly applied therapeutic intervention is
foot orthosis (insole or wedge) for arch support. However,
the effect of these varies and remains controversial. Most of
the studies were studies that investigated the muscle activity
of insole application (the applied insole or wedge was de-
signed to support the inner/longitudinal arch of the foot),
and there was no information on what kind of recovery
effect it had functionally.''> From a different perspective,
Venkadesan et al. found that the transverse arch is a very
strong and stiff spring lever and provides 40% of foot stiff-
ness. '3 This function allows energy to be stored in the
intrinsic elastic structure of the foot during foot propul-
sion.!? In order to maintain the normal function and arch of
the foot, it is important to maintain the normal alignment of
the mid-foot, that is, the transverse arch. Therefore, the
purpose of this study was to investigate the effect of trans-
verse arch insole on lower extremity kinematics in subject
with flat feet during one-leg standing. It was hypothesized
that a transverse arch insole would decrease lower extremity
kinematics in subject with flat feet during one-leg standing.

METHODS

Participants

Fifteen young women and five men participated in this
study (age: 22+3.5 Height: 164£10.1, Weight: 60.3£8.9).
Participants had to have at least 3 of the following charac-
teristics of the foot by criteria of previous studies (Inclusion
criteria): (1) medial protrusion of the head of the talus, (2)
calcaneus eversion more than 0 degree (3) mid-foot collapse
(more than 1 cm navicular drop), (4) forefoot or rear foot
abduction (lateral toes more visible than medial toes).'+
The exclusion criteria included fracture, dislocation, struc-
tural malformation, and severe pain of the lower extremity.

All participants gave written informed consent prior to the
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experiment. The study was approved by the ethics commit-
tee Institutional Review Board of Sangji University (IRB no.
1040782-220104-HR-01-94).

Instrumentation

1) Transverse arch support

Participants performed one leg standing between with
and without transverse arch support. It is a transverse arch
support (Realine insole sports; Realine co., Ltd., Japan) that
can be applied according to the patient’s height. And the
arch supporter is composed of plastic and compressed foam,
and the size is 260-270mm for men and 230-240mm for
women, and can be cut to fit your size. Add additional rein-
forcement to the sole of the insole to support the transverse

arch.

2) 2-Dimensional video analysis

The movements (knee/ankle) of the subjects’ lower ex-
tremity during one-leg standing were recorded using a
Samsung Galaxy S20 Note smartphone (Samsung electron-
ics, South Korea). An adjustable tripod was placed 1 m in
front of the participants and placed at the level of the knee
joint. Round markers of 1 cm in diameter were attached on
the mid-point of the patellar and dorsum of the 2™ metatar-
sal bone base.

Procedure

The participants were asked to stand with their feet on the
transverse arch insole (supporting feet). One leg standing
test was conducted in each condition with or without trans-
verse arch application. A participant stands on one leg with
the contralateral knee flexion 90° for 5 s. Both hands were
positioned parallel to the body. The participants were kept
as balanced as possible until there was a signal to stop with
the signal to start the experimenter. The experiment was
stopped when an unbalanced posture (unsupported feet
touched the ground or the torso was tilted excessively) from
the starting position. During one-leg standing, lower ex-
tremity movements (vertical/horizontal displacement of knee/
ankle joints) were video-recorded and then analyzed using
Kinovea software. Kinovea® is a free 2D motion analysis
software that enables the establishment of kinematics pa-
rameters. All recorded videos were analyzed with the stable
version of Kinovea (v. 0.8.15, Kinovea, Bordeaux, France)
(Figure 1).

Statistical analysis

Statistical analyses were performed using the SPSS for
Windows (ver. 25.0 software; IBM Co., Armonk, NY, USA).
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Transverse arch insole

Figure 1. One-leg standing. (A) with transverse arch insole and (B) without transverse arch insole.

To verify the normality of data distribution, the Kolmogorov-
Smirnov test was used. A paired #-test was used to compare
the characteristics (lower extremities kinematics; vertical/
horizontal displacement of knee/ankle joints) between with
and without the transverse arch insole. The level of statisti-

cal significance was set at o of 0.05.

RESULTS

The Shapiro-Wilk test showed the normality of the data
(»>0.05). Except for vertical displacement in the knee,
there were significant differences between with and without
transverse arch insole in lower extremities kinematics (ver-
tical/horizontal displacement of knee/ankle joints) (p>0.05).
The results of the lower extremities kinematics with and

without transvers arch insole are shown in Table 1.

DISCUSSION

The transverse arch of the foot is a stiff spring lever that
provides more than forty percent of foot stiffness. This foot
stiffness helps the intrinsic elastic structures of the foot to

store energy which is utilized during foot propulsion.'* For
flat foot with collapsed transverse arch, therapeutic inter-
vention is important to maintain normal alignment and sup-
port.12 In addition to therapeutic exercise, it is necessary to
verify the effectiveness of the transverse arch insole to
maintain the normal arch of the foot.!¢!”

The purpose of this study was to investigate the effect of
transverse arch insole on lower extremity kinematics in
subject with flat feet during one-leg standing. It was found
that there was a significant difference in lower extremity
kinematics (knee/ankle vertical-horizontal displacement)
between with and without the transverse arch insole. Com-
pared with the vertical displacement, there was a large
difference in the amount of horizontal displacement. The
transverse arch support provided stability to the ankle joint
and minimized physical sway that may occur during an
unstable one-foot lift. Based on the experimental results, it
is thought that the stability of the ankle joint due to the
transverse arch support had a great effect on the stability of
the knee joint. Flat foot means not only the morphological
change of the foot but also the instability of each joint in the

body during various physical activities such as lifting one

Table 1. Comparison of the kinematic data with and without transverse arch insole

Variables With transverse arch insole ~ Without transverse arch insole t p
Horizontal displacement ~ Knee 6.2£1.9 3.19+1.16 12.056 <0.001"
(cm) Ankle 3.00£0.50 1.69+0.46 13.183 <0.001"
Vertical displacement ~ Knee 0.36+0.14 0.35£0.15 1.497 0.151
(cm) Ankle 2.00+0.50 0.46£0.29 10.577 <0.001"

* p<0.05.
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foot, walking, and running. Therefore, there is a need for a
therapeutic intervention to maintain the alignment of the
foot in a static/dynamic state. Considering the effect of flat
feet, it is very important to check the movement of lower
extremities that can occur during functional movements
such as one-leg standing due to flat feet.

Our study had some limitations. First, it is difficult to
generalize our results to all ages. Only young individuals
participated. Second, the change in the activity of lower
extremity muscle activity according to the transverse arch
insole application was not measured. In further studies,
research on lower extremity muscle activity with or without
insole application is needed. Third, only the vertical-hori-
zontal displacement of the foot/knee was measured. The
part related to rotation could not be measured. Future re-

search will require 3-D measurements to measure rotation.

CONCLUSIONS

Our study investigated the effects of transverse arch
support on lower kinematics in subject with flat feet during
one-leg standing. During one-leg standing, there were sig-
nificant differences between with and without transverse
arch insole in lower extremities kinematics (vertical/hori-
zontal displacement of knee/ankle joints). Therefore, it was
confirmed that supporting the transverse arch when treating
or managing subjects with flat feet can reduce unnecessary
lower extremity movements and increase the stability of the

body extremities.

Key Points

Question How does applying a transverse arch insole affect
the movement of lower extremity in a patient with flat feet
during one-leg standing?

Findings During one-leg standing, there were significant dif-
ferences between with and without the transverse arch insole
in lower extremities kinematics (vertical/horizontal displace-
ment of knee/ankle joints).

Meaning Supporting the transverse arch when treating or
managing subjects with flat feet can reduce unnecessary
lower extremity movements and increase the stability of the
body extremities.

Article information
Conlflict of Interest Disclosures: None.
Funding/Support: None.
Acknowledgment: None.
Ethic Approval: The study was approved by the ethics

Vol. 6, No. 2, Dec. 2022

committee Institutional Review Board of Sangji Univer-
sity (IRB no. 1040782-220104-HR-01-94).

REFERENCES

1. Lee JE, Park GH, Lee YS, Kim MK. A comparison of
muscle activities in the lower extremity between flat and
normal feet during one-leg standing. J Phys Ther Sci.
2013;25(9):1059-1061.

2.Neumann DA. Kinesiology of the musculoskeletal system:
foundations for physical rehabilitation. St. Lois, Mosby,
2002.

3. Salvador PF, Cristina GM, Francisco A, et al. Flat foot in
a random population and its impact on quality of life and
functionality. J Clin Diagn Res. 2017;11(4);22-27.

4. Richie DH. Biomechanics and clinical analysis of the
adult acquired flatfoot. Clin Podiatr Med Surg. 2007,
24(4):617-644.

5. Ozan F, Dogar F, Genger K, et al. Symptomatic flexible
flatfoot in adults: subtalar arthroereisis. Ther Clin Risk
Manag. 2015;11:1597-1602.

6. Edwin JH, John VV, James LT, et al. Diagnosis and
treatment of pediatric flatfoot. J Foot Ankle Surg. 2004;
43(6):341-373.

7. Bishop C, Arnold JB, May T. Effects of taping and or-
thoses on foot biomechanics in adults with flat-arched
feet. Med Sci Sports Exerc. 2016;48(4):689-696.

8. Kaufman KR, Brodine SK, Shaffer RA, et al. The effect
of foot structure and range of motion on musculoskeletal
overuse injuries. Am J Sports Med. 1999;27(5):585-593.

9. Muehlbauer T, Mettler C, Roth R, Granacher U. One leg
standing performance and muscle activity: are there limb
differences? Appl Biomech. 2014;30(3):407-414.

10. Choi JY, Lee DJ, Kim SJ, Suh JS. Does the long-term
use of medial arch support insole induce the radiographic
structural changes for pediatric flexible flat foot? -a
prospective comparative study. Foot Ankle Surg. 2020;
26(4):449-456.

11. Hong JA, Kim MH, Jung DH, Lim OB, Yi CH. Effect
of medial wedge on muscle activity of lower limb in
healthy adults during one leg standing. Phys Ther Kor.
2011;18(2):60-66.

12. Kim EK, Kim JS. The effects of short foot exercises and
arch support insoles on improvement in the medial lon-
gitudinal arch and dynamic balance of flexible flatfoot
patients. J Phys Ther Sci. 2016;28(11):3136-3139.

13. Venkadesan M, Yawar A, Eng CM, et al. Stiffness of the
human foot and evolution of the transverse arch. Nature.
2020;579(7797):97-100.

14. Menz, Hylton B. Alternative techniques for the clinical

Journal of Musculoskeletal Science and Technology


https://pubmed.ncbi.nlm.nih.gov/?term=Lee+JE&cauthor_id=24259915
https://pubmed.ncbi.nlm.nih.gov/?term=Pita-Fernandez+S&cauthor_id=28571173
https://pubmed.ncbi.nlm.nih.gov/?term=Gonzalez-Martin+C&cauthor_id=28571173
https://pubmed.ncbi.nlm.nih.gov/?term=Alonso-Tajes+F&cauthor_id=28571173
https://pubmed.ncbi.nlm.nih.gov/?term=Harris+EJ&cauthor_id=15605048
https://pubmed.ncbi.nlm.nih.gov/?term=Vanore+JV&cauthor_id=15605048
https://pubmed.ncbi.nlm.nih.gov/?term=Thomas+JL&cauthor_id=15605048
https://pubmed.ncbi.nlm.nih.gov/?term=Choi+JY&cauthor_id=31201010
https://pubmed.ncbi.nlm.nih.gov/?term=Kim+SJ&cauthor_id=31201010
https://pubmed.ncbi.nlm.nih.gov/?term=Suh+JS&cauthor_id=31201010
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Eun-Kyung+Kim
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Jin+Seop+Kim

84 The Effects of Transverse Arch Insole in Subject with Flat Foot

assessment of foot pronation. J Am Podiatr Med Assoc. feet: a narrative review of its evolution, anatomy, bio-

1988;88(3):119-129. mechanics and clinical implications. Morphologie. 2022;
15. Oleksy L, Mika A, Lukomska-Gorny A, Marchewka A. 106(355):225-234.

Intrarater reliability of the Foot Posture Index (FPI-6) 17. Fiolkowski P, Brunt D, Bishop M, et al. Intrinsic pedal

applied as a tool in foot assessment in children and musculature support of the medial longitudinal arch: an

adolescents. Med Rehabil. 2010;14:18-28. electromyography study. J Foot Ankle Surg. 2003;42:
16. Asghar A, Naaz S. The transverse arch in the human 327-333.

Journal of Musculoskeletal Science and Technology www.jkema.org


https://pubmed.ncbi.nlm.nih.gov/34419345/
https://pubmed.ncbi.nlm.nih.gov/34419345/
https://pubmed.ncbi.nlm.nih.gov/34419345/

