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ABSTRACT

According to studies, motor learning instructions and strategies have been
effective in anterior cruciate ligament (ACL) injury prevention programs. Therefore, the current study
aimed to study the effect of motor learning strategies on landing biomechanics in athletes with dynamic
knee valgus.

[VETTEEE This study was a quasi-experimental and applied research. 48 male athletes aged 20-25,
participating in handball, volleyball, and basketball, with a dynamic knee valgus angle greater than 10
degrees, were randomly assigned to four groups(n=12): Differential learning, self-controlled feedback,
external focus of attention, and control. The training program lasted eight weeks, with three sessions
per week for the first six weeks and two sessions per week for the last two weeks. Each session was
45 minutes long. Using motion analysis and EMG systems, kinematics and kinetics parameters during
landing were measured. To analyze the data, 4x2 repeated measures ANOVA was directed, followed by
post hoc comparison (Bonferroni) at the significant level of P<0.05.

5T The present study showed an increase in peak hip and knee flexion angles, a decrease in peak
knee abduction angle, and an increase in gluteus medius feedforward activity from the pre-test to post-
test in differential learning and external focus of attention groups. Also, the differential learning group
observed an increase from the pre-test to post-test values of peak dorsiflexion angle and gluteus maximus
feedforward activity. In between-groups comparison, there was a significant difference between the
differential, control, and self-control feedback groups in peak knee flexion and abduction angles. Also,
the differential learning group showed a significant difference in gluteus medius feedforward activity
compared to the control group.

[@TEIERT Differential learning and external focus of attention methods positively reduced the kinetic
and kinematic risk factors of ACL injury. However, the results of the present study consider the differential
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Introduction

nterior cruciate ligament (ACL) injuries

represent one of the most prevalent and

disabling afflictions among athletes, with

a significant proportion of approximately

70% occurring without direct contact with
another player or object [1]. ACL injuries are prevalent in
various competitive and recreational activities, particular-
ly during movements involving changes in speed, direc-
tion, jumping, and landing. The landing phase of a jump
is particularly critical in task analysis, as 31% of injuries
occur during this phase. These findings highlight the im-
portance of biomechanical factors, specifically landing
mechanics, in ACL injury prevention.

Current rehabilitation programs often fall short of ef-
fectively addressing faulty movement patterns and mo-
tor control, leading to the development of numerous pre-
ventive exercise programs to minimize ACL injuries and
their consequences. One such approach focuses on motor
learning instructions and strategies. Cognitive theory, a
prominent perspective within the field of motor learn-
ing, suggests that individuals acquire motor skills through
a process of receiving feedback and repetition until the
movement becomes automatic. Self-control feedback,
where individuals request additional feedback as needed
and customize their practice, is one such method. Another
cognitive strategy is the external focus of attention, where
coaches guide individuals to focus on the effects of their
movements on the environment (e.g. imagining sitting on
a chair during landing).

One such novel training method rooted in dynamic
systems theory is differential learning, which prioritizes
movement variability over repetition. Moreover, repeti-
tive movement execution may subject the same tissues to
maximal loads, whereas introducing movement variabil-
ity modifies these loads in each repetition, reducing in-
jury risk. Given these findings, differential learning may
be a more effective approach for ACL injury prevention
compared to traditional methods. Consequently, the dif-
ferential learning method is the most suitable approach.
Based on those mentioned above, the current study aims
to compare the effects of differential learning, self-con-
trolled feedback, and external focus of attention on land-
ing biomechanics in athletes with dynamic knee valgus.
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Methods

Given the experimental nature of the study, with the im-
plementation of an intervention, a control group, and a pur-
poseful selection of participants, the research design was
quasi-experimental. The study population consisted of ath-
letes aged 20 to 25 years with a knee valgus angle greater
than 10 degrees. A purposeful sampling method was em-
ployed to estimate the sample size based on the inclusion
criteria and previous research [25], resulting in a target
sample size of 40 individuals. Considering a 20% dropout
rate, the estimated sample size was increased to 48.

Three-dimensional kinematic data were collected us-
ing an 8-camera Vicon Motion System at a sampling rate
of 120 Hz. Electromyography data were acquired us-
ing a 32-channel Noraxon TeleMyo DTS system with a
sampling rate of 2000 Hz to record muscle activity. The
single-leg vertical drop jump task was employed to assess
both kinematic and muscle activity.

The external focus of the attention group performed
8 exercises: Bilateral squat, single-leg squat, walking
lunge, bilateral drop jump, single-leg stance on an unsta-
ble surface, crossover step, single-leg hop, and counter-
movement jump. During training, verbal feedback using
external focus strategies was provided to influence the
participants’ movements. In the differential training pro-
tocol, athletes engaged in non-repetitive tasks. The coach
designed a set of trials for each skill before each session.
For the differential group, tasks were performed without
repetition, encouraging variability in movement. For in-
stance, participants were instructed to perform the bilater-
al drop jump with various modifications and in changing
environments. Self-controlled feedback allowed partici-
pants to view their performance and receive feedback on
demand. Participants could choose to view their best or
latest performance. Additionally, each exercise had mul-
tiple variations from which participants could select and
perform, requesting feedback as needed.

In the data processing procedure, we used Excel 2019
and MATLAB software, version 8.4, 2014b. Statistical
indicators were examined at a significant level of 0.05 us-
ing SPSS software, version 22.

Results

A significant groupxtime interaction was observed for
peak ankle dorsiflexion angle (F, ,,=11.344, P=0.001),
peak knee flexion angle (F(3, 11431, P=0.001), peak
hip flexion angle (F ; ,,=3.971, P=0.015), and peak knee
abduction angle (F , . =25.510, P=0.001). Furthermore,
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a significant groupxtime interaction was found for the
feedforward activity of the gluteus medius muscle (F
32-814, P=0.017) but not for the gluteus maximus
muscle. Post-hoc Bonferroni tests revealed significant
improvements in maximum knee flexion (ES=1.19,
P=0.001; ES=0.83, P=0.001), hip flexion (ES=0.99,
P=0.001; ES=0.70, P=0.003), and knee abduction angles
(ES=1.81, P=0.001; ES=1.19, P=0.001) for both the dif-
ferential learning and external focus of attention groups.
The differential learning group also significantly im-
proved the maximum ankle dorsiflexion angle (ES=1.01,
P=0.001). However, there was no significant between-
group difference in the feedforward activity of the gluteus
maximus muscle. A significant between-group difference
in feedforward activity of the gluteus medius muscle
was found between the differential learning and control
groups (P=0.035). Post-hoc Bonferroni tests indicated
that the differential learning group significantly improved
the feedforward activity of the gluteus maximus muscle
(ES=0.50, P=0.002). Both the differential learning and
external focus of attention groups exhibited significant
improvements in feedforward activity of the gluteus Me-
dius muscle (ES=1.46, P=0.001; ES=0.81, P=0.001).

Conclusion

Differential learning and external focus of attention
methods positively reduced the kinetic and kinematic risk
factors of ACL injury. However, the results of the present
study consider the differential learning method and the
role of variability in training to be effective in preventing
ACL injury and suggest the differential learning method
for the greater benefit of athletes. Also, tailoring training
environments based on the manipulations created in the
exercise through variability and variety of movements,
instead of using direct and prescriptive instructions, is ad-
vised to reduce the risk of ACL injury.
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9. TeleMyo DTS, Noraxon Inc., Scottsdale
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7. Vicon Motion System
8. Butter-worth
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11. Root Mean Squared (RMS)
12. Myo-research master edition 1.06 XP (Noraxon Inc.,Scottsdale,
AZ, USA)
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10. Maximal Voluntary Isometric Contraction (MVIC) tests
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13. . Kolmogorov-Smirnov test
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