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ABSTRACT

Several treatments have been recommended to enhance the running mechanics
of individuals with flat feet. Less emphasis has been paid to the impact of these treatments on the
ground reaction forces (GRF) and the center of pressure (COP), while these kinetic effects are essential
in identifying possible injuries and the body’s compensatory mechanisms in response to any therapeutic
approach. The present study aimed to compare the effects of foot orthoses and antipronation taping on
COP and GRF on the running of people with flat feet.

[VETELE The present study was quasi-experimental with a randomized cross-over design. The kinematic
and kinetic data of 20 young people with flexible flat feet were measured while running under three
conditions: athletic shoes, athletic shoes with foot orthoses (FO), and athletic shoes with low-Dye (LD)
tape. A one-way repeated measure analysis of variance from the SPM1d package was used to compare
differences in GRF and COP time series under different conditions.

ST The results showed that foot orthoses reduced the anteroposterior GRF compared to low-Dye
tape and increased the lateral GRF compared to athletic shoes alone. However, the conditions did not
significantly affect the vertical GRF (P<0.05). Moreover, FO-shoes and LD-shoes caused medial and
lateral shifts in COP, respectively (P<0.05).

[@TEIER This research showed that foot orthoses cause inefficient force transmission in the anterior
direction. Furthermore, running with FO-shoes and LD-shoes substantially influences COP displacements
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Introduction

unning is a popular aerobic athletic task
among humans due to increased aware-
ness of the benefits of aerobic activity
and the opportunity to maintain a healthy
lifestyle. The risk of injury among run-
ners has increased considerably due to
the sport’s growing popularity [2]. The importance of the
foot in transferring ground reaction forces (GRF) to the
proximal joints and numerous reports of injury in runners
with foot abnormalities [6] suggest that foot abnormalities
significantly enhance the risk of injury in runners.

Flat feet are one of the most frequent structural anoma-
lies of the lower limbs, and therapists have long advocat-
ed foot orthoses and antipronation tape to rectify incor-
rect running mechanics and avoid compensatory injuries.
However, several review studies have identified various
therapies as risk factors for running injuries [8, 10]. For
instance, it has been reported that medical inserts may
negatively influence performance by raising impact force
and loading rate [23], two risk factors for running-related
injuries [24]. As a result, further research is needed to de-
termine these treatments’ benefits and potential adverse
effects on the biomechanics of the foot and other proxi-
mal organs. Previous research on the impact of foot or-
thosis on the GRF has only examined the peak moments
of the forces, and their effects on different parts of the
running cycle are unknown. Examining the time series of
GRF throughout a whole running cycle might thus give
additional information about the impacts of various treat-
ments. In addition, only a few studies have addressed the
effects of antipronation tape on the kinetic parameters of
running in flat-footed individuals. Then, this study aimed
to examine the impact of a medical foot orthosis and an-
tipronation tape on GRF and the trajectory of center of
pressure (COP) in flat-footed people during running.

Materials and Methods

A randomized cross-over design was used in the cur-
rent quasi-experimental investigation. Twenty active
young men and women (12 males and 8 females) with
flexible flat feet (more than 10 mm navicular drop [32]
volunteered to participate in this study. After attaching
the reflexive markers, the participants ran in three condi-
tions while recording their kinematic data (motion analy-
sis with 8 cameras [Qualisys, Switzerland] and kinetics
[force plate, Kistler, Switzerland]): running with the ath-
letic shoes, running with athletic shoes and custom-made
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medical inserts (medical foot orthosis [FOJ), and running
with athletic shoes and low-Dye tape (LD) [18].

A low-pass Butterworth filter with fourth-order and cut-
off frequencies of 20 and 6 Hz were used for the kinetic
and kinematic data, respectively. Each stance phase of the
running cycle was identified, and a time series of COP
trajectory (x and y) was computed for each cycle [37].
The GRF time series was normalized by dividing GRF
components per individual weight. Finally, both variables
(GRF and COP time series) were time normalized to 1%
to 100% of the stance phase.

The effects of treatments on the time series of GRF
components and COP trajectories were determined us-
ing repeated-measures analysis of variance in the SPM1d
package (0=0.05). For post hoc analysis, multiple t tests
(0=0.017) were conducted.

Results

There is a significant difference in anteroposterior GRF be-
tween the early stance phase (2%-5%) and the middle stance
(56%-71%) of running. The GRF in the internal and exter-
nal directions did not reveal a significant difference until the
end of the stance phase (80%-89%) (P<0.001) (Figure 1).
Treatment methods have a substantial impact on the trajec-
tory of medial-lateral COP at the end of the stance phase
(91%-99%) (P=0.02) (Figure 2). The difference between the
FO and LD conditions was significant (Ppost hoc=0.016),
suggesting that LD shifted the COP laterally and FO medi-
ally. Interventions, on the other hand, did not affect the COP
trajectory in the anteroposterior direction.

Conclusion

The FO condition produced less force in the anteroposte-
rior direction than the LD condition at the early propulsion
phase. When comparing the LD to the FO, the mediolateral
component of GRF has increased in the external direction,
but there is no significant difference in the vertical compo-
nent. Toward the end of the stance phase, the FO condition
shifted the COP medial, whereas the LD shifted it laterally.

According to the results, LD generated a greater GRF
in the anteroposterior direction than the FO. Because
changes in the center of mass acceleration during the
stance phase are linked to the changes in this force [38],
LD will most likely have a better influence on the propul-
sion phase of running. The windlass mechanism may ex-
plain this increase in force because the LD provides more
rigidity to the plantar fascia during the propulsion phase,
making the force more effective in those with flat feet.
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Figure 1. a, b, and c¢) The 3D components of GRF time series (% body weight); f, e, and d) Analyses of variance and significant
differences for each component

GREF: Ground reaction force. Note: black line: Shod, blue dash-line: FO, and red dotted line: LD.
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Figure 2. Time series of the COP trajectory in the mediolateral
a) Anteroposterior, b) Directions during the stance phase of running

Note: Graphs ¢ and d Showing the Analyses of Variance and Significant Differences for Each Direction; Graph e Showing COP
trajectory

COP: Center of pressure. Note: The black line, Shod; blue dash-line, FO; and red dotted line, LD.
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Treatment methods had no substantial influence on
the vertical component of the GRF. Since increasing the
peak of GRF is a crucial risk factor for running injuries
[24], it is unlikely that FO and LD cause injuries. Since
the LD generates more propulsion force than the FO, it
may be concluded that it is more successful than the FO
in transferring muscle force to the ground. These results
suggest that traditional custom-made inserts may reduce
propulsive power by decreasing the space within the shoe.
Furthermore, the internal and external shifts of the COP
were significantly influenced by FO and LD conditions,
respectively. As these changes were only noticeable near
the end of the stance phase, they do not appear to affect
the direction of transmission (due to the COP shift) or in-
crease running-related injuries.
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19. Peak Impact Force
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