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Abstract

Background and Obijective: Gait is a fundamental movement pattern influenced by various structures. This study aimed to
determine the effect of sand-based training on ground reaction force frequency spectrum in individuals with anterior cruciate
ligament (ACL) reconstruction and pronated feet during gait.

Methods: This clinical trial was conducted on 28 male students with pronated feet and ACL injuries aged 22-25 years at
Mohaghegh Ardabili University. Participants were randomly assigned to two groups of 14: A control group and a sand-based
training group. The ground reaction force variables were measured using a force plate in the pre-test and post-test.

Results: The number of necessary harmonics in the free moment component decreased by 15.95% in the post-test
(16.48+4.14) compared to the pre-test (19.11+2.15) of the control group (P<0.05). The number of necessary harmonics in the
mediolateral direction of the ground reaction force decreased by 23.34% in the post-test (15.59+3.92) compared to the pre-
test (19.23+2.66) of the training group (P<0.05). Additionally, the number of necessary harmonics in the anteroposterior
direction of the ground reaction force increased by 33.04% in the post-test (21.61+2.55) compared to the pre-test
(14.47+4.11) of the training group (P<0.05).

Conclusion: Sand-based training was able to improve the gait mechanics of individuals with ACL reconstruction and
pronated feet.
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Introduction

A nterior cruciate ligament (ACL) rupture is a significant and
debilitating knee injury that can culminate in long-term
consequences, such as altered knee kinematics, meniscal and cartilage
damage, and eventually, knee osteoarthritis. Approximately 75% of
ACL ruptures occur with minimal or no contact at the time of injury.

Risk factors for ACL injury can be categorized as intrinsic and
extrinsic. Extrinsic risk factors for non-contact ACL injuries include
dry weather conditions and the use of artificial turf instead of natural
grass. Intrinsic risk factors encompass knee joint laxity, a narrow
intercondylar notch, reduced relative hamstring strength and
functional capacity, muscle fatigue stemming from altered
neuromuscular control, decreased proprioception and pelvic girdle
strength, excessive ankle dorsiflexion during sports activities, hip
internal rotation, and tibial external rotation with or without foot
pronation.

Foot pronation is a natural foot movement essential for normal gait,
as it helps absorb ground reaction forces. However, excessive foot
pronation is a risk factor for ACL injury. Excessive foot pronation
contributes to increased tibial internal rotation, leading to ACL
ruptures. Sand-based gait training presents a promising therapeutic
intervention for excessive foot pronation due to its accessibility and
low cost. From a health perspective, the unstable nature of sand may
strengthen the muscles of the foot and ankle, improve foot function,
and reduce excessive foot pronation. Sand-based training can improve
gait patterns and, as a natural, accessible, and cost-free resource, can
be incorporated into corrective exercises for individuals with
excessive foot pronation. This study aimed to determine the effect of
sand-based training on the ground reaction force frequency spectrum
in individuals with ACL reconstruction and pronated feet during gait.

Methods

This clinical trial was conducted on 28 male university students
aged 22-25 years with pronated feet and ACL injuries at Mohaghegh
Avrdabili University, Iran. The participants were randomly assigned to
two groups of 14: A control group and a sand-based training group.

Participants were purposefully selected following a call for
volunteers. According to the participants’ medical records, all
individuals in the ACL group had a complete ACL rupture that had
been surgically repaired using arthroscopy. These individuals had also
pronated feet.

Inclusion criteria included male gender, completion of an informed
consent form, a complete ACL rupture in one leg, pronated feet, full
range of motion in the knee joint, six months post-surgery with a
hamstring graft, and the ability to walk independently.

After selection, participants were randomly assigned to either the
control or the intervention (sand-based training) group.

Participants’ dominant foot was determined through a soccer ball
kicking test, and all participants were right-footed. Subjects were
instructed to wear athletic attire and perform a warm-up prior to
testing to prevent injury. Subsequently, participants walked along a

15-meter pathway equipped with a force plate positioned at the
midpoint. Kinetic data were collected at a sampling rate of 1000 Hz
using a Bertec force plate (USA). Each participant completed five gait
trials as a pre-test, during which ground reaction forces were recorded
in the vertical (Fz), anteroposterior (Fy), and mediolateral (Fx)
directions. Following this, the intervention group underwent an 8-
week training protocol, while the control group did not engage in any
training. Ground reaction force data during gait were collected again
after the 8-week period. Kinetic data were smoothed using a fourth-
order Butterworth filter with a cutoff frequency of 20 Hz.

The training protocol for the training group consisted of a barefoot
walking program on sand, including jogging, striding, bounding,
galloping, and short sprints. This program was conducted for eight
weeks (three sessions per week).

After the intervention, the training group was reassessed using the
same evaluation methods as the initial assessment. The reassessment
was scheduled six days after the final intervention session to avoid
interference with acute physiological responses to training. The
control group participated in no training and was reassessed after 8
weeks.

Results

The number of necessary harmonics in the free moment component
decreased by 15.95% in the post-test compared to the pre-test in the
control group (P<0.045). The number of necessary harmonics in the
mediolateral direction of the ground reaction force decreased by
23.34% in the post-test compared to the pre-test in the intervention
group (P<0.008). The number of necessary harmonics in the
anteroposterior direction of the ground reaction force increased by
33.04% in the post-test compared to the pre-test in the intervention
group (P<0.001). There was a significant difference in the number of
necessary harmonics in the anteroposterior direction between the pre-
test and post-test in the study groups (P<0.021).

Conclusion

Sand-based training enhances the necessary harmonics and, in fact,
this training period, by increasing postural control during gait,
improves performance in individuals with pronated feet and ACL
ruptures.
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