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Context: Excessive ground reaction force when landing
from a jump may result in lower extremity injuries. It is important
to better understand how feedback can influence ground
reaction force (GRF) and potentially reduce injury risk.

Objective: To determine the effect of expert-provided (EP),
self-analysis (SA), and combination EP and SA (combo)
feedback on reducing peak vertical GRF during a jump-landing
task.

Data Sources: We searched the Web of Science database
on July 1, 2011; using the search terms ground reaction force,
landing biomechanics, and feedback elicited 731 initial hits.

Study Selection: Of the 731 initial hits, our final analysis
included 7 studies that incorporated 32 separate data compar-
isons.

Data Extraction: Standardized effect sizes and 95% con-
fidence intervals (Cls) were calculated between pretest and
posttest scores for each feedback condition.

Data Synthesis: We found a homogeneous beneficial effect
for combo feedback, indicating a reduction in GRF with no Cls
crossing zero. We also found a homogeneous beneficial effect
for EP feedback, but the Cls from 4 of the 10 data comparisons
crossed zero. The SA feedback showed strong, definitive effects
when the intervention included a videotape SA, with no Cls
crossing zero.

Conclusions: Of the 7 studies reviewed, combo feedback
seemed to produce the greatest decrease in peak vertical GRF
during a jump-landing task.

Key Words: injury prevention, knee, feedback, landing
biomechanics

expert-provided and self-analysis feedback.

Key Points

» All modes of feedback effectively reduced ground reaction force during a jump-landing task.
» Combination feedback demonstrated the strongest effect sizes for reducing ground reaction force compared with

» More high-quality studies are needed to support the use of feedback interventions for altering lower extremity

landing forces and decreasing lower extremity injury risk.
anding is an essential athletic task used during many
I different sporting activities, including basketball,
volleyball, and gymnastics.'> The act of jumping
and landing during these different sporting activities
involves different magnitudes of ground reaction forces
(GRFs).* The GRF magnitudes have been reported to be
greatest during the landing phase of a jump when the knee
is between 0° and 25° of flexion, a point at which the knee
must resist a rapid change in kinetic energy.’ Excessive
GRFs may result in lower extremity injuries.*®*®
The knee is largely responsible for energy attenuation of
the lower extremity when landing from a jump,’'° so this
joint may have increased susceptibility to injury during
such a task. Researchers have identified the presence of
damage to the subchondral bone, cartilage, and soft tissue
due to extreme forces imposed on the lower extremity
during selected landing activities.!! A positive moderate
correlation between increased vertical GRF and increased
anterior tibial acceleration when landing from a jump
supports the hypothesis that individuals landing with

greater impact loads could have an increased risk of
anterior cruciate ligament (ACL) injury.'? Given that the
main function of the ACL is preventing anterior translation
of the tibia, landing with increased GRF and thus increased
anterior tibial acceleration may place more strain on the
ligament, increasing the likelihood of ligament rupture.

To reduce the risk of injury associated with increased
GRF during landing, different interventions have been used
to decrease GRF by altering lower extremity biomechanics
during landing. To our knowledge, no researchers have
evaluated whether reducing an individual’s GRF decreases
his or her risk of injury, but compelling data have suggested
that higher GRF and other factors may increase the risk of
substantially injuring the knee.'* Specifically, prospective
data have shown that GRF during a jump-landing task was
20% higher in female athletes who sustained an ACL
rupture than in athletes who did not.'* These data spark a
compelling but unsubstantiated theory that reducing high
GRFs may coincide with a decreased risk of knee injury.
Clinical trials to evaluate the true prophylactic capabilities
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of reducing GRF to limit knee injuries are likely expensive
and logistically difficult to conduct. Therefore, successfully
identifying an intervention that can manipulate GRF is
important before these studies are performed.

Various methods have been implemented to teach proper
landing biomechanics to prevent future injury.'* For
example, feedback is a modality used to prompt an
individual to correct potentially harmful biomechanics
and reduce high GRF. Feedback can be defined as sensory
information made available to the participant during or
after a task in an attempt to alter a movement.'® It can
include information related to the sensations associated
with the movement (eg, the feel or sound the participant
experiences while performing the task) or related to the
result of the action with respect to the environmental goal.'”
Different modes of feedback have been reported and
include (1) expert-provided (EP) feedback through oral
correction,'® oral instruction,!”!® or visual demonstration'®;
(2) self-analysis (SA) feedback conducted with videotape
correction'*?° or self-correction from previous trials'’; and
(3) combination (combo) feedback that uses both EP and
SA feedback.!”?! Through EP feedback, professionals can
analyze movements and provide various forms of oral and
visual feedback to alter that task, whereas SA feedback
requires the participant to identify movement characteris-
tics that need to be altered and to adjust to change that
specific task.

Recently, a surge of injury-prevention programs have
been implemented to reduce the risk of ACL injury in
athletes.?>>* These programs often incorporate feedback
techniques and aim to reduce the risk of injury by teaching
athletes to land properly to reduce stress on the lower
extremity and potentially prevent acute and chronic lower
extremity injuries.'® Altering the landing phase of a jump
via various feedback methods could result in decreased
GRFs and increased flexion angles at the knee, which may
decrease the risk of lower extremity injury.

Although programs incorporating feedback are increasing
in popularity, the magnitude of the effect that different
types of feedback have on reducing GRF has not been
evaluated systematically. Knowledge of the efficacy of
feedback on reducing potentially harmful GRF may help
clinicians determine whether feedback should be incorpo-
rated into jump-landing training programs. Therefore, the
purpose of our study was to systematically evaluate the
current literature to determine the magnitude of immediate
and delayed effects of EP, SA, and combo feedback
interventions on reducing peak vertical GRF during a jump-
landing task in healthy individuals.

METHODS

Data Acquisition

We conducted a Web-based search using the Web of
Science with the search terms landing biomechanics,
ground reaction force, and feedback (Figure). We included
all studies that were written in English and published
between 1950 and July 1, 2011, and were investigations of
the effects of oral or sensory feedback on peak vertical
GRF. Studies including a comparison group or condition
not receiving a feedback intervention and studies not
including a comparison or control group were included in

this review. Bibliographies from all relevant articles were
cross-referenced for additional pertinent studies that would
fit inclusion criteria. We evaluated the methodologic
quality for all articles used in the final analysis. If articles
had not been assessed by the Centre for Evidence-Based
Physiotherapy (PEDro), 2 separate investigators (H.M.E.
and B.G.P.) independently assessed each article, compared
ratings, and if differences were present, conversed to agree
on a PEDro score for each study. The body of feedback
literature also was rated based on the Oxford Centre for
Evidenced-Based Medicine-Levels of Evidence.**

Data Extraction

Authors of all studies included in this review investigated
the effect of feedback on GRFs in healthy participants
(Table 1). We separated the studies based on the type of
feedback used: EP, SA, combo, and control (Table 1). We
chose these categories based on how the feedback was
delivered to the participants. Some overlap occurred among
groups concerning how the feedback was processed (e,
oral, visual, cognitive), but we believed this was the most
effective and clearest way to categorize these groups
because the literature was so varied.

We defined EP feedback as feedback provided by an
expert either orally or through demonstration. An expert
was defined as one who is knowledgeable in proper landing
biomechanics and can demonstrate such to a participant
during a jump-landing task. The expert provided sensory
feedback through visual or auditory modes; the participant
then cognitively absorbed the feedback. We defined S4
feedback as feedback conducted through videotape or SA of
the participant’s own previous performance during a jump-
landing task. Some participants were instructed to use their
previous experience to land more softly,'”-?° whereas other
participants were instructed to analyze videotape of their
past performances on their own without further feedback.'?
Self-analysis feedback required the participant to use
visual, auditory, and cognitive modes to absorb the
feedback. Combo feedback was defined as feedback
delivered both from an expert and using videotape or SA.
It required visual, auditory, and cognitive modes. Different
control interventions were used for each study. Some
control participants'® received no feedback, whereas other
participants classified as controls'®?° were instructed to “try
to land as softly as possible.” We believed the control
groups that were given some type of prejump instruction,
such as “try to land as softly as possible,” were not true
control groups; therefore, we chose to include only control
groups that received no prejump instruction. Furthermore,
some researchers'®!”?! did not include a nonfeedback
control group.

We further separated the studies based on the timing of
the feedback: immediate postfeedback effects and delayed
postfeedback effects (range, 2 days to 3 months). Effects
were categorized as immediate if the postintervention
testing occurred immediately after the intervention. Effects
were categorized as delayed if the postintervention testing
occurred more than 1 day after the intervention took place.

Data Analysis

From each study, we collected means and standard
deviations of peak vertical GRF preintervention and
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Searched Web of Sci

Search

landing biomechanics OR ground reaction force AND feedback

ence on July 1, 2011

terms:

A

y

Elicited 731 articles written in English

y

10 Articles included after reading title

A

y

3 Articles excluded after reading abstract for the following reasons:
Did not use the correct type of feedback
Did not include numeric means and SDs

y

7 Articles included i
Cronin et

Prapavessis

Prapavessis and McNair, 19997

Onate et al, 2005'°
Onate et al, 20012°
Herman et al, 2009
Walsh et al, 2007%°

n the final analysis:
al, 2008

et al, 2003'®

Figure. Study inclusion and exclusion flowchart.

postintervention as well as the number of participants. The
researchers did not provide the number of participants in 1
study,'® but we obtained this information from the authors
via e-mail. Investigators provided a figure of means and
standard deviations but did not publish specific values in
another study.?® We attempted to contact the authors of this
study via e-mail but could not obtain the information;
therefore, we excluded the article from this review.
Standardized effect sizes (ES) were calculated for 32 data
sets, which incorporated interventions from all 7 articles.
The ES evaluated the magnitude of the treatment effects
(Cohen d = [postfeedback — prefeedback] / pooled SD) and
were interpreted using previous recommendations (0.2 =
small, 0.5 = moderate, and 0.8 = large).?” In addition, 95%
ClIs were calculated to assess associated variability around
the ES point measure.

RESULTS

In the initial search, we found 731 articles (Figure). Ten
articles were included after reading the titles. Four of those
were excluded after reading the abstracts. After cross-
referencing the remaining 6 articles, we found 1 other
article?! that fit the inclusion criteria and included it.

Therefore, we included 7 studies in this analysis (Figure;
Table 1).!62125

Methodologic Assessment

The mean PEDro scoring for the articles included in this
review was 5.57 = 0.53 (range, 5 to 6 out of a possible 10).
Based on the Oxford Centre for Evidence-Based Medi-
cine,** levels of evidence for individual studies ranged from
1b (randomized control trial with narrow Cls) to 4 (case
series) (Table 1).
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Table 2. Expert-Provided Feedback

Effect Size
(95% Confidence

Authors Data Set Interval)

Walsh et al, Expert-provided —0.8 (—1.91, 0.43)
20072% feedback, females

Walsh et al, Expert-provided —0.26 (—1.38, 0.89)
2007% feedback, males

Cronin et al, Expert-provided —0.88 (—1.61, —0.11)
2008'¢ feedback

Onate et al, Expert-provided —0.85 (—1.65, 0.02)
2005 feedback

Prapavessis et al,

20038
Prapavessis and
McNair, 19997

Prapavessis et al,

2003'8

Prapavessis et al,

200318

Prapavessis et al,

Expert-provided
feedback, immediate
Expert-provided
feedback
Expert-provided
feedback, 2 d
Expert-provided
feedback, 4 d
Expert-provided

—1.49 (~2.03, —0.91)
~0.73 (-1.17, —0.27)
—0.92 (—1.43, —0.38)

—1.2(~1.72, —0.64)

—0.48 (~0.97, 0.03)

Table 4. Combination Expert-Provided and Self-Analysis

Feedback
Effect Size
(95% Confidence

Authors Data Set Interval)

Herman et al, Combination feedback —0.66 (—0.16, —1.15)
20092 and strength training

Herman et al, Combination feedback —0.6 (0.1, —1.08)
20092

Onate et al, Combination feedback, —0.99 (-0.26, —1.68)
200120 2 min

Onate et al, Combination feedback —1.58 (-0.61, —2.35)
2005

Onate et al, Combination feedback, —1.78 (—2.62, —0.82)
20051 1 wk

Onate et al, Combination feedback, —0.8 (—1.48, —0.08)
200120 1 wk

Combination Feedback

We used 6 data sets from 3 articles in this comparison

2003'® feedback, 3 mo
Onate et al, Expert-provided —0.94 (—1.74, —0.06)
2005 feedback, 1 wk

Expert-Provided Feedback

We used 10 data sets from 5 articles in this comparison
and found a homogeneous negative effect for those
receiving EP feedback, indicating a reduction in GRF
during the jump landing (Table 2). Nine of 10 data sets in
the EP group had moderate to strong ES (Cohen d range,
—0.26 to —1.49). Four of 10 data sets'®!*?° had CIs that
crossed zero, indicating that a definitive effect in the
reduction of the GRF may not be present within all of the
data sets (Table 2).

Self-Analysis Feedback

We used 5 data sets from 3 articles in this comparison
and found a homogeneous negative effect, indicating a
reduction in GRF for those receiving SA feedback (Table
3). Self-analysis feedback showed strong, definitive ES
(Cohen d =-3.32 and —4.37) with no CI crossing zero if the
intervention included a videotape SA.' Conversely, SA
feedback interventions that did not include a video analysis
of the previous jumps had weak ES (Cohen d range, —0.11
to —0.41) (Table 3).'7-2°

Table 3. Self-Analysis Feedback

Effect Size
(95% Confidence
Interval)

~0.11 (~0.5, 0.28)

Authors Data Set

Prapavessis and
McNair, 1999'7

Self-analysis feedback

Onate et al, Self-analysis feedback, —0.15 (—0.86, 0.57)
200120 2 min

Onate et al, Self-analysis feedback —-3.32 (—4.41, -2.0)
2005 videotape

Onate et al, Self-analysis feedback —4.37 (—5.66, —2.78)
2005 videotape, 1 wk

Onate et al, Self-analysis feedback, —0.41 (—1.12, 0.32)
200120 1 wk

and found a homogeneous negative effect for those
receiving combo feedback, again indicating a reduction in
GRF during the jump-landing task due to the combo
intervention (Table 4).!°2! Moderate ES (Cohen d = —0.6
and —0.66) with CIs that did not cross zero were calculated
for data sets of Herman et al*' representing combination
feedback and combination feedback and strength training.
The data sets of Onate et al*® representing combination
feedback and combination feedback 1 week showed strong
ES (Cohen d =—0.99 and —0.8) with ClIs that did not cross
zero. The 2 data sets of Onate et al'® representing
combination feedback and combination feedback 1 week
showed strong ES (Cohen d =—1.53 and —0.8) with CIs that
did not cross zero.

Control

We used 6 data sets from 4 articles in this comparison. The
results of the control data showed a heterogeneous effect on
altering GRF (Table 5). Two data sets representing control
and control 1 week in the study by Onate et al'® had strong
ES (Cohen d =—1.59 and —1.35) and CIs that did not cross
zero. Four of the 6 control group data sets had weak
ES'#29-25 with wide Cls that crossed zero.

Table 5. Control Groups

Effect Size
(95% Confidence

Authors Data Set Interval)

Onate et al, Control —1.59 (0.7, —2.38)
20051

Onate et al, Control, 2 min —0.18 (0.55, —0.89)
200120

Walsh et al, Control, females 0.09 (—1.05, 1.21)
20072

Walsh et al, Control, males 0.12 (—1.03, 1.24)
2007%

Onate et al, Control, 1 wk —1.35 (—2.13, —0.49)
20051

Onate et al, Control, 1 wk —0.03 (-0.72, 0.67)
200120

Journal of Athletic Training 689



Table 6.

Immediate Effects of Feedback Training

Table 7. Delayed Effects of Feedback Training

Effect Size Effect Size

Authors Data Set (95% Confidence Interval)  Authors Data Set (95% Confidence Interval)

Walsh et al, Expert-provided —0.8 (—1.91, 0.43) Onate et al, Expert-provided —0.94 (—1.74, —0.06)
2007%% feedback, females 2005'° feedback, 1 wk

Walsh et al, Expert-provided —0.26 (—1.38, 0.89) Onate et al, Self-analysis feedback, —4.37 (—5.66, —2.78)
2007% feedback, males 20051 videotape, 1 wk

Herman et al, Combination feedback?  —0.66 (—1.15, —0.16) Onate et al, Combination® —1.78 (—2.62, —0.82)
20092 and strength training 20051 feedback, 1 wk

Herman et al, Combination feedback -0.6 (—1.08, —0.1) Onate et al, Combination feedback, —0.43 (-0.36, 1.19)
20092 200120 1 wk

Prapavessis and  Expert-provided -0.73 (—1.17, —0.27) Onate et al, Self-analysis feedback, -0.41 (—1.12, 0.32)
McNair, 19997 feedback 200120 1 wk

Prapavessis and
McNair, 19997

Self-analysis feedback

~0.11 (=0.5, 0.28)

Prapavessis et al,
20031®

Prapavessis et al,
20038

Prapavessis et al,
20038

Expert-provided
feedback, 2 d

Expert-provided
feedback, 4 d

Expert-provided
feedback, 3 mo

~0.92 (~1.43, —0.38)
1.2 (=172, —0.64)

~0.48 (~0.97, 0.03)

Cronin et al, Expert-provided -0.88 (—1.61, —0.11)
2008'¢ feedback

Onate et al, Expert-provided —0.85 (—1.65, 0.02)
2005° feedback

Onate et al, Self-analysis feedback, -3.32 (—4.41, —2.0)
2005 videotape

Onate et al, Combination feedback —1.58 (—2.35, —0.61)
2005°

Onate et al, Combination feedback, —0.99 (—1.68, —0.26)
200120 2 min

Onate et al, Self-analysis feedback, —0.15 (-0.86, 0.57)
200120 2 min

Prapavessis et al, Expert-provided —1.49 (—2.03, —0.91)
200318 feedback

a Combination feedback combines expert-provided and self-analy-
sis feedback.

Immediate Effects of Feedback

We used 13 data sets from 7 articles in this comparison.
This included data sets from the EP, SA, and combo groups
investigating the immediate effects of the feedback
intervention. A homogeneous negative effect was found
immediately after all types of feedback, with most data sets
having moderate to strong ES (Table 6). Three of the data
sets'”?*25 had small ES with nondefinitive Cls crossing
zero. Two EP feedback interventions'®?> had strong
immediate effects (Cohen d = —0.85 and —0.8) with
nondefinitive Cls that crossed zero.

Delayed Effects of Feedback

We used 8 data sets from 3 articles in this comparison.
Strong effects were seen in data sets from each of the 3
groups (EP, SA, combo). The delayed effects of feedback
also had a homogeneous negative effect, suggesting a
reduction in GRF (Table 7). Most of the data sets showed
moderate to high ES. Three of the 8 data sets showed weak
ES and had CIs that crossed zero.'®°

DISCUSSION

The presence of excessive GRF may result in lower
extremity injury.>*® To reduce GRF during jump landing,
different injury-prevention programs have been implement-
ed to teach individuals how to use safer landing
biomechanics. Feedback given either orally or through
demonstration has been incorporated in these injury-
prevention programs. Researchers have shown that if
participants are instructed to perform a soft landing (e,

@ Combination feedback combines expert-provided and self-analy-
sis feedback.

one with lower GRF), their muscles can absorb up to 19%
more kinetic energy than if they perform a hard landing (ie,
one with higher GRF).” If the muscular system can absorb
some of the kinetic energy, the structures of the joints,
specifically the knee joint, may not have to attenuate as
much energy, which may reduce the risk of knee injury.

The methodologic quality of the current literature
regarding the effect of feedback on reduction of GRF is
moderate. The highest PEDro score was 6 out of 10, with an
average of 543 = (.53 (Table 8). The authors of the
included studies did not conceal group allocation and did
not use any level of blinding to decrease bias. Given the
nature of these studies and the methods used to perform the
intervention, blinding participants, assessors, or therapists
to their groups is very difficult. Given the protocol of
providing different types of feedback, blinding participants
and therapists to the type of feedback is difficult, and points
were lost in these categories using the PEDro scoring
system. Therefore, one should consider this when assessing
the methodologic quality of these studies. Two studies'”"”
lost points for not stating whether outcome measures were
obtained for more than 85% of the participant population
initially included. Levels of evidence ranged from 1b to 4
based on the recommendations from the Oxford Centre for
Evidence-Based Medicine.>* The wide Cls for ES in the
included randomized controlled trials and cohort designs
prevented these studies from being classified as higher-tier
levels of evidence (Table 1).

Our systematic review provides evidence that feedback
interventions effectively reduce GRF during a jump-
landing task. Some differences existed in the jump-landing
tasks used in each study (Table 1), but when evaluating the
ES, we found all types of feedback (EP, SA, combo) had a
homogeneous effect in reducing GRF. The combo feedback
seemed to produce the greatest decrease in peak vertical
GRF during a jump-landing task, with all data sets having
moderate to large ES and no Cls crossing zero. This
indicates that a reduction in GRF and a potential reduction
in risk of injury may be better obtained through the combo
feedback. This could include an expert demonstrating the
proper landing mechanics, an expert giving oral feedback to

690 Volume 48 e Number 5 e October 2013



the participant, the participant viewing previous jump-
landing trials, or the participant being instructed to use his
or her experience in previous jumps to make alterations to
reduce GRF while landing. We believe that combo
feedback may have had the greatest effect on decreasing
GREF because it affected neuromuscular control patterns via
inputs from a wide variety of stimuli. This may have
allowed the participants to individually select the most
influential stimuli or combination of stimuli to best alter
their biomechanics.

The results of the EP group showed mostly moderate to
strong ES, with only 4 of 10 data sets having Cls that
crossed zero (Table 2). This provides evidence for the
effectiveness of EP feedback in reducing GRF during a
jump-landing task. In the EP groups, the feedback was
given through demonstration by an expert, oral feedback, or
a combination of both.

We found differences in the outcomes between SA
interventions that included and did not include videotape
SA (Table 3). However, these results should be interpreted
cautiously because the videotape SA was from 1 study.'”
This appears to suggest that the use of videotape provides a
greater reduction in GRF than SA feedback without the use
of videotape analysis; however, further research is needed
to strengthen this argument.

The ES representing the SA interventions using videotape
were large and more comparable to the ES representing the
EP interventions. This could suggest that any intervention
using videotape or demonstration in which the participants
can see either themselves or an expert performing the task
may be more beneficial in decreasing GRF during a jump-
landing task. In the future, researchers should investigate
the effect of a participant watching an expert demonstrate
the task and a participant watching his or her own trials of
the task on reducing GRF.

We classified feedback in different categories, but some
overlap of the sensory systems used to absorb the feedback
may exist. For example, the SA feedback method requires
the participants to rely mainly on cognitive information to
absorb the feedback, whereas with the EP feedback method,
more emphasis is placed on sensory processing through
visual or auditory means. We recognize that the EP
feedback method also includes some cognitive element
working in conjunction with the sensory information being
provided to the participant. For the purpose of our review,
we classified studies based on how the feedback was
delivered and not necessarily on how it was being
processed because we wanted to determine the most
effective way to deliver the feedback to reduce GRF during
a jump-landing task.

Most of the data sets representing the control groups
showed weak, negative ES with Cls that crossed zero,
indicating small and inconclusive effects for control
interventions. However, 2 control data sets in 1 study had
strong ES (Cohen d =—1.59 and —1.35) and CIs that did not
cross zero.!” These specific control participants did not
receive feedback during the jump-landing trials, and they
were instructed to work on a computer but not to
investigate anything concerning jump-landing programs.'®
The control group possibly improved in this 1 study due to
a learning effect created from participating in the pretest.'
The authors of this study also used a different jump-landing
task that involved a running approach. It is possible that the

nature of the running approach allowed control participants
to implement strategies to reduce GRF during landing that
were different from the strategies participants used with the
jump-landing task in the other studies. As mentioned, we
did not include control groups that received prejump
instruction, such as “try to land as softly as possible,”
which may have changed their landing. We believed
excluding these control groups allowed for a more accurate
representation of a true control group that received no
feedback or instruction before completing the task. Overall,
the data for the control group had inconclusive results,
likely due to the variety of methods used within the various
study designs.

Making a definitive conclusion about the delayed effects
of feedback is difficult because the included studies'®2°
had different timeframes for follow-up (range, 2 days to 3
months). Given these results, we cannot definitively
conclude which feedback intervention may have sustain-
able effects in reducing GRF during a jump landing. None
of the authors investigated the effect of multiple feedback
sessions over an extended period on the reduction of GRF.
Researchers who investigated the effect of feedback on
GRF over time conducted only 1 feedback session and had
the participants return for a posttest (range, 2 days to 3
months).'®2% Although good results may have been
demonstrated with 1 feedback session, we do not know
the proper dosage and frequency of feedback that should
be administered for optimal results to be elicited.
Therefore, future researchers may investigate the effects
of multiple feedback interventions over an extended
period.

Whereas the physiologic mechanisms surrounding the
possible beneficial effect of feedback are poorly under-
stood, the modality can be explained as a means of
instruction that supplies extrinsic information to the
participant to improve motor learning.?° The participants
receiving feedback are being given information about how
to change their landing mechanics to decrease their GRF.
Some participants may be unaware of proper landing
mechanics or the potential detrimental effects of increased
GRF during landing. Feedback is education and insight
given to encourage the participants to become aware of how
they are landing and to make positive changes to decrease
their risks for lower extremity injury.

The cost-effectiveness of both EP and SA feedback may
be different depending on the clinical setting. The SA
feedback may be best administered using videotape SA,
which may cost money and requires space for proper setup;
yet, EP feedback requires substantial time commitments by
trained professionals with jump-landing experience. Al-
though the combo feedback seems to provide the strongest
effects for GRF reduction, clinicians need to determine
which type of feedback is more cost- and time-effective for
their individual settings.

Limitations

Our study had limitations. The studies reviewed included
different cohorts of people for their participant populations,
which may make comparisons across studies more difficult
(Table 1). The authors of each study also used different
jump-landing techniques, including a running approach
jump,'®?' a maximal vertical jump,?® a volleyball spike,'®
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and jumping or stepping off a box at a height of 300
mm.'71825 Although the differences in the landing tasks
themselves may not be limitations, the various methods
may limit our ability to make comparisons among studies.

Another possible limitation was that the included studies
had unique ways of providing feedback to the participants
during the jump-landing task, which made categorization of
the groups more difficult. Each study delivered the
feedback similarly, and the results revealed a homogeneous
negative effect, showing a reduction in GRF across all
types of feedback. The authors also defined their control
groups differently, and some researchers did not include
control groups. Another difference observed in each study
was the timeframe for follow-up. As mentioned, research-
ers used many different timeframes for delayed follow-up,
which made it difficult to derive a strong conclusion on the
effects of feedback over time.

We recognize that these types of feedback could be
categorized in several different ways, including how the
feedback is delivered (EP or SA), how the feedback is
processed (cognitive, visual, or oral), and the focus of the
feedback (knowledge of performance or knowledge of
results). We categorized the feedback by how it was
delivered to investigate the most effective method of
delivery to achieve the desired result, which was a
reduction in GRF during a jump-landing task. Thinking
about other ways to categorize feedback may be important,
but we believed this was a good way to represent the data
so they could be interpreted easily and important
conclusions could be drawn.

Although limitations and differences existed among the
studies reviewed, we still provided a meaningful analysis
regarding the magnitude of the effect of different types of
feedback on GRF reduction. Our results suggest the best
way to provide feedback to reduce GRF during a jump-
landing task is to include combo feedback during the
task.

Recommendations for Future Research

Given the limited number of available studies, more
research on the effects of feedback on GRF during a jump-
landing task clearly is needed. Further research and
clinical interventions to decrease vertical GRF during a
jump-landing task should involve combo feedback.
Emphasis should be placed on determining the most
effective way to orally deliver EP feedback along with SA
feedback. More information is needed on different cohorts
of participants and which may be the best jump-landing
task to study the effects of feedback. In the future,
researchers also should try to determine a more definitive
conclusion about the delayed effects of feedback and to
define a timeframe for the lasting effects of feedback.
Time should be devoted to determining whether a long-
term feedback training program with multiple feedback
sessions will produce substantial long-term changes in
landing forces.

CONCLUSIONS

The studies in our review provided support for the use of
both EP and SA feedback in reducing GRF during a jump-
landing task. All studies showed a homogeneous negative
effect, meaning GRF was reduced after the feedback was

administered. Our findings suggest that although all types
of feedback showed some reduction in GRF, combo
feedback may be most effective in reducing GRF and
possibly reducing the risk of injury. More high-quality
research studies are needed in this area to further support
the use of feedback techniques for altering lower extremity
landing forces.
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