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lower-limb injuries. Feedback-based training has been proposed as an
effective strategy to correct high-risk biomechanics. This systematic review
aimed to investigate the effects of feedback interventions on lower-limb
mechanics and performance during jump-landing movements

Methods: A comprehensive search was conducted in international
databases (PubMed, Scopus, Science Direct, Google Scholar) and national
databases (Magiran, Irandoc) from 2000 to 2023. Studies were included if
they examined the effects of any form of feedback on healthy individuals
with lower-limb motor control deficits. From an initial 540 retrieved articles,
20 studies met the inclusion criteria after screening and full-text review.
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Feedback Results: Most studies reported that feedback, particularly external or real-

time feedback, led to increased flexion angles of the hip and knee in the
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tasks; however, their impact on functional performance remains unclear.
Further research is required to determine long-term retention and
performance outcomes.
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Extended Abstract:

Introduction and Aim: Motor control deficits in the lower limbs are recognized as one
of the most important predisposing factors for musculoskeletal injuries, particularly
anterior cruciate ligament injuries and other dynamic knee instabilities. The interaction
between neuromuscular inefficiency, quadriceps dominance, and abnormal joint
kinematics during functional movements such as jump-landing has been widely
documented in the literature as a primary contributor to injury risk. Among the
biomechanical patterns most frequently associated with such deficits are excessive
dynamic knee valgus, limited hip and knee flexion, and reduced co-contraction between
the quadriceps and hamstrings muscles. These maladaptive patterns often lead to
increased mechanical stress on the knee joint and elevated ground reaction forces.
Consequently, the design of effective and evidence-based training interventions to
improve lower limb control and correct faulty biomechanics has become a key focus in
sports medicine and rehabilitation sciences. In recent years, feedback-based
interventions have gained considerable attention as a potential means of enhancing
motor control and preventing injuries.

The purpose of the present systematic review was to investigate the effects of feedback
interventions on lower limb mechanics and athletic performance in individuals with
motor control deficits during jump-landing movements. Given that feedback provides
immediate information regarding the accuracy or quality of a performed movement, it
can facilitate the acquisition of correct motor patterns and contribute to long-term
neuromuscular adaptations. This review sought to determine whether feedback,
delivered through different modalities visual, auditory, or combined can lead to
measurable improvements in kinematic and kinetic variables, reduce harmful
biomechanical loads, and enhance performance parameters such as jump height and
reactive strength index. Furthermore, the study aimed to explore the consistency of
findings across various studies, evaluate the methodological rigor of existing evidence,
and identify potential research gaps for future investigation. Methodology: To address
these objectives, a systematic search was conducted across several international and

national databases including Google Scholar, PubMed, Science Direct, Scopus,
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Maglran, and IranDoc. The search covered studies published between 2000 and 2023
that examined the effects of feedback on individuals with lower limb motor control

” 1]

deficits. The combination of keywords “Valgus Knee,” “Dynamic Knee Valgus,”

LTS LIS L]

“Quadriceps Dominance,” “Biomechanics,” “Kinematic,” “Performance,” and “Feedback”
was used to identify relevant research. A total of 540 articles were initially retrieved.
Following a multi-step screening process that involved title and abstract review,
duplicate and irrelevant studies were excluded. Subsequently, 47 studies proceeded to
full-text review, and 20 of them met the inclusion criteria and were selected for
qualitative synthesis. Inclusion criteria required that studies be experimental or quasi-
experimental in nature, involve healthy participants exhibiting signs of lower limb motor
control deficits, and report outcomes related to kinetic, kinematic, or performance
measures. Studies that focused on clinical populations with existing injuries, conference
abstracts without full data, or those lacking methodological clarity were excluded from
the analysis. The reviewed data were then categorized according to the type of
feedback intervention, duration of the training program, and reported outcome
measures. Findings: Across the reviewed literature, feedback interventions consistently
demonstrated beneficial effects on sagittal plane kinematics. Most studies reported that
feedback led to increased flexion angles at the hip and knee during the landing phase,
which in turn reduced the impact forces transmitted through the joints. For example,
interventions employing real-time visual or video feedback were shown to promote
softer landings by encouraging athletes to adopt a greater degree of knee and hip
flexion. This improvement not only enhanced the efficiency of shock absorption but also
reduced the mechanical strain on the ACL. Studies such as those by Dowling et al.
(2012) and Ericksen et al. (2015) highlighted that immediate feedback helped
participants internalize correct landing mechanics within only a few sessions,
suggesting that motor learning can occur rapidly when external cues are provided.
However, when the focus of attention was internal (i.e., directed toward body segments
rather than movement effects), learning tended to be less durable and biomechanical
improvements were smaller in magnitude. In contrast, findings regarding the frontal

plane kinematics were more inconsistent. While several investigations demonstrated
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that feedback especially real-time external visual feedback significantly reduced the
degree of knee valgus during jump-landing, other studies failed to observe notable
changes. For instance, in some experiments the feedback group exhibited a reduction
of approximately 3 degrees in knee valgus compared to baseline values, whereas
others reported no statistically significant differences between feedback and control
conditions. These discrepancies may be attributed to variations in feedback modality,
duration of intervention, participant sex, or the technical demands of the specific landing
task. Nevertheless, the general trend across studies supports the conclusion that
feedback, particularly when designed to direct attention externally, can facilitate
improved frontal and sagittal plane control, which are both critical for injury prevention.
The review also revealed consistent evidence regarding the influence of feedback on
kinetic parameters, most notably the vertical ground reaction force (VGRF). Multiple
studies confirmed that both augmented and real-time feedback significantly reduced
peak VGRF values during landing, implying that athletes adopted softer and more
controlled landing techniques. Onate et al. (2001) demonstrated that providing
participants with augmented feedback led to a substantial reduction in landing forces
compared to verbal instruction alone. Similarly, Heinert et al. (2021) observed that a
four-week feedback-based training program resulted in decreased vGRF and knee
abduction torque, with improvements maintained after a one-month retention period.
These findings collectively suggest that feedback-driven neuromuscular training not only
enhances immediate performance but can also induce lasting biomechanical
adaptations. A further dimension of analysis involved the effect of feedback on overall
performance measures such as jump height and reactive strength index. The evidence
in this regard was mixed. While some studies reported no significant differences
between feedback and control groups, others found that excessive focus on corrective
cues slightly reduced jump height due to increased attentional load and cautious
movement execution. Conversely, certain investigations showed that improved landing
control could coexist with unchanged or even enhanced performance outcomes,
indicating that optimized biomechanics need not compromise athletic capability. The

differences in performance outcomes may reflect individual variations in learning
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strategies, task complexity, and the balance between movement efficiency and force
production. An important insight emerging from this review concerns the type of
feedback employed. External focus feedback directing attention toward the
environmental outcome of the movement, such as “land softly” or “push the floor away”
was consistently found to be more effective than internal focus feedback, which
emphasizes body part control (e.g., “bend your knees” or “keep your knees aligned”).
External feedback has been shown to promote implicit motor learning, reduce conscious
interference, and facilitate automaticity in movement control. This phenomenon is
supported by neurophysiological evidence indicating that externally focused feedback
activates the mirror neuron system, enhancing motor planning and execution efficiency.
The consistent superiority of external over internal feedback underscores the
importance of attentional focus in motor learning and rehabilitation protocols.

Conclusion: Despite the generally positive outcomes, several limitations were identified
across the reviewed studies. A majority of the research was conducted on female
participants, primarily because of the higher incidence of ACL injuries in women
compared to men. As a result, the generalizability of findings to male athletes and older
adults remains limited. Moreover, differences in intervention duration, feedback
modality, and task design make direct comparisons challenging. Only a few studies
examined long-term retention beyond several weeks, leaving open questions about the
persistence of biomechanical adaptations over extended training periods.Overall, the
findings of this systematic review indicate that feedback interventions especially those
employing real-time visual or augmented methods are highly effective in improving
lower limb mechanics among individuals with motor control deficits during jump-landing
tasks. The consistent improvements observed in sagittal plane kinematics and
reductions in ground reaction forces highlight the value of feedback as an evidence-
based tool for injury prevention and motor control enhancement. Although the evidence
regarding performance effects and frontal plane mechanics remains somewhat
inconsistent, the overall trend supports the use of feedback as a practical, low-cost, and
adaptable component of athletic training and rehabilitation programs. Future research
should focus on optimizing feedback delivery systems by combining visual, auditory,
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and haptic cues, exploring the neural correlates of feedback-based learning through
electromyographic and neuroimaging methods, and evaluating the effects of long-term
interventions across diverse athletic populations. In conclusion, feedback-based
interventions represent a powerful and scientifically validated approach for modifying
faulty biomechanics, enhancing neuromuscular control, and preventing lower limb
injuries in athletes and individuals with motor control deficits. The integration of
feedback mechanisms into training regimens not only promotes safer and more efficient
movement patterns but also fosters durable motor learning and improved functional
performance. By leveraging advances in real-time biofeedback technology and
individualized training protocols, future studies can further refine our understanding of
how feedback influences motor adaptation and optimize its application for both
performance enhancement and injury reduction in sports and rehabilitation contexts. In
conclusion, feedback-based interventions represent a powerful and scientifically
validated approach for modifying faulty biomechanics, enhancing neuromuscular
control, and preventing lower limb injuries in athletes and individuals with motor control
deficits.

Keywords: Valgus Knee, Dynamic knee valgus, Quadriceps Dominancy,

Biomechanics, Kinematic, Performance and Feedback
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