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Valgus Control Feedback and Taping 
Improves the Effects of Plyometric 
Exercises in Women With Dynamic  
Knee Valgus
Fereshteh Shams, MA,† Malihe Hadadnezhad, PhD, PT,*†  Amir Letafatkar, PhD,†   
and Jennifer Hogg, PhD, ATC‡

Background: Female athletes are more predisposed to anterior cruciate ligament (ACL) injuries in comparison with their 
male counterparts. Research on ACL injury prevention strategies has demonstrated beneficial effects of plyometric exercises 
and feedback (FB) during the exercises. FB has resulted in reductions in vertical ground-reaction force and kinematic risk 
factors associated with ACL injury. Furthermore, taping (TP) may draw attention to the restriction created by the tape and 
serve as real-time biofeedback. The additional influence of FB and TP on plyometric exercises has not been determined.

Hypothesis: FB and TP interventions delivered during plyometric exercises would result in positive changes in 
biomechanics and muscle onset in female athletes displaying dynamic knee valgus.

Design: Controlled trial.

Setting: University research laboratory.

Level of Evidence: Level 2.

Methods: Forty-eight active female athletes were divided into 3 groups: control (n = 16), plyometric training with FB  
(n = 16), and plyometric training with TP (n = 16). The 2 experimental groups performed a 6-week exercise program with 
either FB or TP. The control group continued its regular team schedule. Knee joint position sense, landing error scoring 
system (LESS), and the onset of muscle activation (the point at which muscle activation exceeds 3 standard deviations over 
baseline and continued above this threshold for at least 25 ms) before landing for the rectus femoris, vastus medialis, vastus 
lateralis, gluteus medius, semitendinosus, and biceps femoris during pre- and posttests were measured.

Results: The vastus lateralis onset later in the TP group compared with the FB group (d [95% CI] = 0.64 [0.35-0.82], P = 
0.01). Joint position sense accuracy improved only in the TP group (d = −0.63, P = 0.001). Both the FB (d = −0.85, P = 
0.001), and TP (d = −0.82, P = 0.001) groups improved in LESS scores.

Conclusion: The results of the present study showed that plyometric exercises with FB or TP affect LESS and the onset of 
the vastus lateralis in active uninjured women with dynamic knee valgus, while TP improves joint position sense. Therefore, 
when more accurate joint position sense is desired, practitioners may use plyometric with TP. If an improved LESS score is 
desired, plyometrics with either TP or FB are acceptable.

Clinical Relevance: Our findings indicate that female athletes may benefit more when completing a plyometric training 
program with a TP versus an FB. Trainers, coaches, and clinicians should consider utilizing instructions that promote an 
external focus when implementing plyometric training programs with male athletes.

Keywords: electromyography; landing error scoring system; anterior cruciate ligament; joint position sense

From †Faculty of Physical Education and Sports Sciences, Kharazmi University, Tehran, Iran, and ‡Graduate Athletic Training Program, Health & Human Performance 
Department, University of Tennessee Chattanooga, Chattanooga, Tennessee
*Address correspondence to Malihe Hadadnezhad, PhD, PT, Faculty of Physical Education and Sports Sciences, Kharazmi University, Sout Razan Street, Mirdamad, Shahid 
Keshvari Compus, Tehran, 15447-33111, Iran (email: m.hadadnezhad@yahoo.com).
The authors report no potential conflicts of interest in the development and publication of this article.
DOI: 10.1177/19417381211049805
© 2021 The Author(s)



Sep • Oct 2022Shams et al

748

A n anterior cruciate ligament (ACL) injury is one of the 
most common knee injuries in athletics.6,43,55,65 It has 
been shown that dynamic knee valgus contributes to the 

noncontact ACL injury mechanism, particularly in female 
athletes.23,30,31 Dynamic knee valgus is defined as a combination 
of femoral adduction, femoral internal rotation, knee abduction, 
and tibial external rotation, a position that applies high loads on 
the knee.21,28 The landing error scoring system (LESS) is a good 
indicator of ACL injury risk, as it is clinically feasible and does 
not require specialized equipment. Studies have demonstrated 
that people who score low on the LESS are at higher risk of 
lower limb injury.49,50,60 The ability to evaluate athletes by 
performance tests can be very valuable to coaches and 
researchers as they assess the efficacy of prevention programs 
and target at-risk individuals.39

Neuromuscular control plays an important role in supporting 
and stabilizing the knee joint by using sensory inputs from 
mechanical receptors and regulating the appropriate muscle 
responses.66 Functional neuromuscular control, operationally 
defined as proper muscle timing and appropriate force 
generation, is essential for dynamic knee stiffness and protective 
stabilization.3 Therefore, any factor that leads to a delay and 
inhibition of knee joint stabilizers will lead to knee instability 
and possibly ACL injury.3 For instance, the magnitude and timing 
of muscle activation affects the joint’s ability to absorb and 
disperse forces and has been linked to injury.56 Thus, effective 
neuromuscular control, resulting from proper muscle timing, is 
essential for dynamic knee control and protective stabilization.35

Specific neuromuscular training programs such as plyometric 
training have been designed to improve feedforward and 
feedback (FB) muscle activity through the rapid application of 
force, thus challenging muscle and joint receptors.25 These 
exercises are also reported to reduce ground-reaction force, 
reduce knee abduction and hip adduction during landing,8 and 
improve LESS scores,50 all aimed toward reduction of ligament 
injury incidence in female athletes.22,24-26,38,42,62 FB, both verbal 
and visual, is emerging as an important component of injury 
prevention programs and has resulted in reductions in vertical 
ground-reaction force and kinematic risk factors associated with 
ACL injury.16,52 Furthermore, continuous tactile FB to the skin 
around the knee can also provide cueing FB for specific 
changes in motion52 such as dynamic knee valgus reduction. 
For instance, restricting skin stretch through taping (TP) may 
draw attention to the restriction created by the tape and serve 
as real-time biofeedback.19,52

While the LESS has been linked to ACL injury,49 the LESS is 
performance evaluation test and previous study of Letafatkar  
et al34 stated that timing of muscle onset is an important variable 
for preprogrammed motor strategies learned during the training. 
This observed neuromuscular adaptation during functional task 
could potentially reduce the risk for noncontact ACL injury.34 
Furthermore, Sheikhi et al58 suggest that Kinesio TP application 
may improve knee abduction and sum of knee valgus and 
lateral trunk lean during single-leg drop landing, knee flexion 
during single-leg drop landing and single-leg vertical drop jump 

in individuals displaying risky single-leg kinematics. Therefore, 
Kinesio TP application may marginally improve high-risk 
landing kinematics in competitive male athletes, and a 
systematic review of Ericksen et al15 concludes that combo FB 
generates the greatest reductions in peak vertical ground-
reaction force during a jump-landing task. Therefore, by 
identifying women with dynamic knee valgus and conducting 
plyometric exercises with either FB or TP, LESS scores may be 
improved. The purpose of this study was to investigate the 
effect of plyometric exercises with valgus control FB or TP on 
LESS performance, joint position sense, and timing of muscle 
onset in lower limb muscles in women with dynamic knee valgus. 
We hypothesized that plyometric training with either FB or with 
TP would result in earlier muscle activation before landing, 
improved joint position sense, and improved LESS scores.

Methods
Participants

Fifty-one female athletes aged between 20 and 30 years with 
unilateral dynamic knee valgus from Tehran clubs in Tehran, 
Iran, volunteered to participate in this study. All participants 
completed regular physical activity for the past 3 years, 
defined as scoring 13 to 15 points on the Baecke Physical 
Activity Questionnaire (intraclass correlation coefficient [ICC] 
0.65-0.89).54 The number of participants was based on 
previous research and G*Power software (effect size [ES] = 
0.40, alpha level = 0.05, power = 0.80, version 3.1.9.2).33,57 
Inclusion criteria were peak knee valgus angle greater than 
10° during a single-leg squat test29 (Kinovea software version 
0.8.15) and the prerequisites for plyometric training found in 
Table 1. Exclusion criteria included any lower extremity 
reconstructive surgery in the prior 2 years and any lower-
extremity injury or unresolved musculoskeletal disorder that 
currently prohibited subjects from sports participation. This 
study was approved by the Kharazmi University’s Institutional 
Review Board (IR.KHU.REC.1398.017).

Experimental Procedure

Participants were randomly divided into 3 groups: a control 
group (n = 16, height 165.1 ± 3.5 cm, mass 60.9 ± 5.2 kg), a 
plyometric training with the FB group (n = 16, height 165.7 ± 
3.6 cm, mass 59.13 ± 6.7 kg), and a plyometric training with the 
TP group (n = 16, height 164.2 ± 3.4 cm, mass 60.5 ± 6.1 kg). 
Random assignment was performed by participants selecting a 
sealed envelope to determine group allocation. For baseline 
testing, subjects first performed a general warm-up program 
consisting of running slowly and dynamic stretching of lower 
extremities for 5 to 10 minutes,34,64 followed by joint position 
sense and LESS measures. Participants were then outfitted with 
electromyography (EMG) sensors before performing a single-leg 
jump-landing task.

Participants returned for the training program, which consisted 
of 2 sessions a week for 6 weeks. In the TP group, Mulligan TP 
was used during all exercises. They also received scripted verbal 
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cueing at the beginning of each session, Subjects received 
additional verbal FB during each training session if they were 
not maintaining the desired modifications67 and visual FB via a 
full-length mirror was used for the FB group.

After 6 weeks, posttest measurements were performed, and 
the results were statistically analyzed. Baseline and posttests 
were completed within 48 hours of initiating or completing the 
6-week training program for the athletes in the FB and TP 
groups. Athletes in the control group also completed baseline 
and posttests over a similar period and continue with their 
normal activities but did not complete the plyometric training 
program.

Electromyographic Assessment

Data were collected by a portable wireless EMG system 
(Biometrics Ltd; Canada). The EMG onset data were collected 
from 6 muscles: rectus femoris (RF), vastus medialis (VM), 
vastus lateralis (VL), gluteus medius (GM), biceps femoris (BF), 
and semitendinosus (ST). Wireless surface electrodes were 
placed on the participant’s dominant leg, defined as the leg 
used to kick a ball for maximum distance. The skin at the 
electrode sites was shaved, exfoliated, and cleaned with 70% 
isopropyl alcohol before electrode application.36,52 Wireless 
surface electrodes were placed over the prepared skin in the 
direction of the muscle fibers according to the SENIAM (surface 
EMG for noninvasive assessment of muscles) method. The EMG 
electrode for the RF was placed on the midpoint of the muscle 
belly. For the VM, the electrode was placed at 80% of the 
distance from the anterior superior iliac spine to the joint space 
anterior to the anterior border of the medial collateral ligament. 
For the VL, the electrode was placed at two-thirds the distance 
from the anterior superior iliac spine to the lateral side of the 
patella. The EMG electrode for the GM was placed halfway 
between the iliac crest and the greater trochanter. For the BF, 
the electrode was placed halfway between the ischial tuberosity 
and the lateral epicondyle of the tibia; and finally, the EMG 

electrode for the ST was placed halfway between the ischial 
tuberosity and the medial epicondyle of the tibia. EMG data 
were sampled at 1000 Hz.20

For processing, raw EMG signals recorded from the jump-
landing task were converted and saved in ASCII format by 
Biometrics Data LITE version 10.12, and the data were exported 
to MATLAB software version R2017b for further analysis. All 
EMG data were rectified, bandpass filtered (10-350 Hz), and 
notch filtered (60 Hz at 1-Hz width) using a Butterworth filter 
(fourth-order, zero-phase lag).34

The initial muscle activity was when the EMG signal exceeded 
3 standard deviations over baseline and continued above this 
threshold for at least 25 ms. The software automatically 
calculates the starting point of the activity and then calculates 
the time interval from this point to the moment of foot contact 
with the ground (measured with a footswitch that is placed 
under the forefoot) during single-leg jump-landing task and 
reports the onset of activation as milliseconds before 
landing.10,26,34

Single-Leg Jump-Landing Task

To record the moment of foot contact with the ground, the 
footswitch was attached to the subject's forefoot, then the 
subject was asked to stand in a balanced position near the 
anterior edge of a 40-cm-high box with hands on the waist. 
They stood on the nondominant limb. Then, the subject was 
asked to jump off the box, land on the dominant foot and 
maintain her balance for 3 seconds. To jump correctly, the 
subject was asked to first contact the toe and then the heel. 
Three correct tasks were recorded for each subject and muscle 
EMG indices were calculated and their mean was analyzed 
(Figure 1F).9,34

LESS Assessment

The LESS is a valid and reliable tool for identifying potentially 
high-risk movement patterns during a jump-landing task. 

Table 1. Plyometric prerequisites (inclusion criteria for participation in the plyometric exercises)

Variables Tests Position

Static stability testing (30 s each position) Single-leg stance Eyes open

Eyes closed

Single-leg 25% squat Eyes open

Eyes closed

Single-leg 50% squat Eyes open

Eyes closed

Dynamic stability testing Jump from box No feel pain

Power testing (squat) 60% Body weight 5 Repetitions in 5 s
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Overall LESS score reliability, assessed by ICC, was excellent 
(ICC2,1 = 0.835, P < 0.001).46,50 The LESS score is a 
measurement of landing technique errors. A higher LESS score 
demonstrates poor technique. The LESS includes 17 scored 
items. Items 1 to 6 assess the condition of the lower limbs and 
trunk at the time of initial contact with the ground. Items 7 to 
11 evaluate positioning errors of the feet. Items 12 to 15 
evaluate lower limb and trunk movements between initial 
ground contact and the moment of maximum knee flexion. Last, 
items 16 and 17 assess the overall movement quality.

To complete the LESS, participants jumped from a 30-cm-high 
box to a distance of 50% of their height away from the box, 
down to a platform, and immediately rebounded for a maximal 
vertical jump. Participants performed 3 successful trials of the 
jump-landing task. If the participant did not reach the 
designated horizontal distance or did not appear to maximally 
perform the vertical countermovement jump, the trial was 
repeated.49,50

Two standard video cameras captured a frontal plane and 
sagittal plane view of each subject as she performed the testing 
procedures. Video cameras were 3 m away from the landing 
spot. Kinovea software (Kinovea; Canada) was used to examine 
the films at a very low speed. Each landing was scored by an 
experienced voter from the sum of all points 0 to 15. Items 16 
and 17 were omitted during the statistical analysis because of 
their generality. The average of the 3 jumps was recorded as the 
final score for each participant.49,50

Joint Position Sense Assessment

A digital goniometric imaging technique, with validity and 
reliability (ICC) of 0.99 and 0.97, respectively, was used to 

assess knee joint position sense.45 This evaluation was 
performed in a standing position. Joint position sense was 
measured for the dominant knee joint of each participant. Four 
reference markers were placed on each participant:

1. Upper thigh: junction of the proximal one-quarter and distal 
three-quarters of a line joining the apex of the greater 
trochanter to the midpoint of the lateral knee joint line.

2. Lower thigh: over the iliotibial tract, with its distal edge 
proximal to the level of the posterior crease of the 90° flexed 
knee.

3. Neck of fibula: anterior border of neck of the fibula.
4. Supralateral malleolus: lateral aspect of the shaft of fibula 

proximal to the lateral malleolus.

The subject was asked to place her hands on a chair back for 
stability and her dominant foot flat on the floor. With her eyes 
closed, the participant was asked to move her body weight to 
the evaluated leg, and progress to 45° of knee flexion angle, 
which was the target angle (a goniometer was used to determine 
the 45° target angle and participant was told when she had 
reached 45°), hold for 5 seconds, and then return the knee to 0°.

In the next step, the subject was asked to return to the 
previous angle (with no FB regarding accuracy), hold for  
3 seconds, and then return the knee to 0°. Each subject 
repeated this procedure 3 times. The knee was photographed 
each time by cameras placed at a standard distance and height 
from the participant (Figure 2F). Digital imaging was used to 
assess the amount of error. After transferring the images to the 
computer using Kinovea software, the numerical value of the 
angle was calculated by the software.2,61

Figure 1. Single-leg jump-landing task. (1) Subject stands on a 40-cm box with test leg relaxed and nonweightbearing. (2) Subject 
propels from box with opposite leg. (3) Subject lands on test leg.
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Plyometric Training With FT and TP

For training groups, the modified protocol of plyometric 
exercises of Chimera et al11 was used. The exercises were 
completed twice a week for 6 weeks, with 1-minute rest 
between all sets and exercises. The exercises included wall 
touches, lateral jumps, jump squats, lateral cone jumps, and 
180° squat jumps (Table 2).

For the FB group during plyometric training, visual FB was 
provided by a full-length mirror placed directly in front of the 
participants. They also received scripted verbal cueing at the 
beginning of each session, consisting of “keep your knees 
apart from each other,” “keep your kneecaps pointing straight 
ahead,” and “squeeze your buttocks.” Subjects received 
additional verbal FB during each training session if they were 
not maintaining the desired modifications.68 For the TP group, 
Mulligan tape was performed before each training session, and 
the tape was used during training. Participants were required 
to stand with the selected knee positioned in 25° of flexion 
and hip in slight internal rotation. The tape was applied in a 

spiral fashion from the fibula neck, across the front of the tibia 
while applying an internal tibial torsion force. The tape then 
passed posterior, inferior to the medial knee joint line then 
centrally over the posterior aspect of the knee joint. The tape 
continued in this direction to finish at the lateral lower third of 
the thigh (Figure 3F).19,27 The exercises were bilateral to avoid 
causing asymmetries. One of the investigators monitored 
adherence.

Data Analysis

The Shapiro-Wilk test was used to determine data normality. 
One-way analysis of variance (ANOVA) was used to compare 
the group demographics and differences at baseline. 
Multivariate repeated-measures ANOVA was used to examine 
time and group interactions. In the event of significant 
interactions, Bonferroni post hoc test analysis was used to 
examine between-group changes. ES using partial eta squared 
(h2

p) were calculated. ES were classified as small (0.01), 

Figure 2. Joint position testing.

Table 2. Sample of plyometric training progression

Week Exercisesa

1 Wall touch (2 × 10)
Lateral jump (2 × 10)
Jump squat (2 × 10)
Lateral cone jump (2 × 10)

2 Wall touch (2 × 12)
Lateral jump (2 × 12)
Jump squat (2 × 12)
Lateral cone jump (2 × 12)

3 Wall touch (2 × 15)
Lateral jump (2 × 15)
Jump squat (2 × 15)
Lateral cone jump (2 × 15)

4 Wall touch (3 × 12)
Lateral jump (3 × 12)
Jump squat (3 × 12)
Lateral cone jump (3 × 12)

5 Wall touch (3 × 10)
Lateral jump (3 × 10)
Jump squat (3 × 10)
Lateral cone jump (3 × 10)
180° Squat jump (3 × 10)

6 Wall touch (3 × 12)
Lateral jump (3 × 12)
Jump squat (3 × 12)
Lateral cone jump (3 × 12)
180° Squat jump (3 × 12)

aResting 1 minute between sets and 1 minute between exercises.
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moderate (0.06), and large (0.14).13 The alpha level was set at P 
≤ 0.05 for statistical significance. All data were analyzed in SPSS 
(IBM Corporation; Armonk, NY).17

Results

One participant from the TP group and 1 participant from the 
FB group were removed from the study because they missed 
more than 1 training session. One participant from the control 
group was removed because of injury and was unable to 
participate in the posttest (Figure 4F).

The Shapiro-Wilk test results indicated that all data were normally 
distributed (P ≥ 0.05). There were no significant differences 
between the groups in mass (P = 0.68), height (P = 0.51), age  
(P = 0.84), or exercise experience (P = 0.94) (Table 3).

A significantly group-by-time interaction reported for VM 
onset (F = 91.48, P = 0.001, h2

p = 0.806). From pre- to 
posttesting, VM onset occurred earlier in the FB group (d = 
0.47, P = 0.001) and TP group (d = 0.56, P = 0.001), while no 
change was observed in the control group (d = −0.10, P = 0.12). 
For VL onset, there was a significant group-by-time interaction 
(F = 57.94, P = 0.001, h2

p = 0.725). From pre- to posttesting, 
there were no changes in VL onset in the FB group (d = −0.01, 
P = 0.90) and control group (d = 0.05, P = 0.37), while a 
decrease in the TP group was observed (d = −0.67, P = 0.001). 
Differences between experimental groups for VL were 
significant, the time interval from the starting point to the 
moment of foot contact with the ground was decrease in the TP 
group, which mean the onset activation is closer to landing than 
pretest (d = 0.64, P = 0.01). For GM onset, there was a 

Excluded (n = 40) 
Did not meet inclusion criteria (n = 40)

Analyzed (n = 16) 
Because of missed from training
reasons (n = 1)

Allocated to feedback group (n = 17) 
Received intervention (n = 17) 

Allocated to control group (n = 17) 
Received intervention (n = 17) 

Analyzed (n = 16)
Because of injury reasons (n = 1)  

Allocation

Analysis

Randomized (n = 51)

Enrollment

Assessed for eligibility (n = 91) 

Allocated to taping group (n = 17) 
Received intervention (n = 17) 

Analyzed (n = 16)
Because of missed from training
reasons  (n = 1) 

Figure 4. Flow diagram of the study.

Figure 3. Taping technique.
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significant group-by-time interaction (F = 68.04, P = 0.001, 
h2

p = 0.756). From pre- to posttesting, GM onset occurred earlier 
in the FB group (d = 0.29, P = 0.001) and TP group (d = 0.57,  
P = 0.001), while no change was observed in the control group 
(d = 0.01, P = 0.72). A significant group-by-time interaction was 
observed for ST onset (F = 74.09, P = 0.001, h2

p = 0.771). From 
pre- to posttesting, ST onset occurred earlier in the FB group (d 
= 0.35, P = 0.001) and TP group (d = 0.59, P = 0.001), while no 
change was observed in the control group (d = −0.6, 
P = 0.39). For BF onset, there was a significant group-by-time 
interaction (F = 11.74, P = 0.001, h2

p = 0.348). From pre- to 
posttesting, BF onset occurred earlier in the FB group (d = 0.29, 
P = 0.001) and TP group (d = 0.21, P = 0.001), while no change 
was observed in the control group (d = 0.04, P = 0.56). Full 
results are presented in Table 4.

For joint position sense, there was a significant group-by-time 
interaction (F = 4.83, P = 0.13, h2

p = 0.180). From pre- to 
posttesting, joint position sense accuracy improved in the TP 
group (d = −0.63, P = 0.001), but there were no changes in the 
FB group (d = −0.11, P = 0.55) or control group (d = −0.05, 
P = 0.61). Differences between experimental groups were 
significant, and the amount of error was low in the TP group  
(d = 0.45, P = 0.011) (Table 5).

There was a significant group-by-time interaction for the LESS 
(F = 140.92, P = 0.001, h2

p = 0.865). From pre- to posttesting, 
both the FB (d = −0.85, P = 0.001) and TP (d = −0.82, P = 0.001) 
groups improved in LESS score, while no change was observed 
in the control group (d = −0.11, P = 0.36) (Table 6).

discussion

The purpose of this study was to examine the effect of 
plyometric training with FB or TP on onset of lower limb 
muscle activation, knee joint position sense, and LESS scores in 
female athletes with dynamic knee valgus. The result showed 
that short-term training can make significant positive changes in 
the onset of muscle activation, joint position sense, and LESS.

Muscle Onset Time

During the pretest, it was generally observed that hamstring 
muscles have a more delayed onset than quadriceps muscles. 
After performing plyometric exercises with FB or TP, the 
hamstrings activated earlier. This suggests that the hamstrings 

can be trained to act as an ACL agonist during flight, helping to 
maintain the integrity of this ligament and surrounding 
structures in preparation for landing.4,14,17

After training, we saw that the VL muscle was activated later 
in TP group and VM and GM muscles activated earlier in both 
experimental groups. This may help prevent knee valgus during 
landing. During the pretests, earlier activation was observed in 
the RF, VL, and BF (lateral compartment) and delayed activation 
in ST and VM (medial compartment), which may have led to a 
slight bending of the knee during the descent, which can cause 
damage to the ACL.32,36,41,44,53 After the 6-week plyometric 
exercises, later activations (closer to landing) were observed in 
the RF, VL, and ST and earlier activation in the BF and VM in 
both experimental groups.

Also, gluteal activity limits knee valgus motion by controlling 
hip adduction and hip internal rotation.51,62 Hamstring 
activation, especially on the medial side, may also limit knee 
valgus motion by controlling frontal plane knee motion. 
Subjects who exhibit earlier and greater medial hamstring 
activation during both the preparatory and loading phases of 
landing display lesser knee valgus motion than those with lesser 
medial hamstring activity.62 Also, since proper timing of knee 
flexor muscle activation is a basic requirement for knee flexion, 
proper hamstring muscle activation timing is a benefit in the 
performance of a high-risk landing.32 It appears that earlier 
hamstring action at low flexion angles leads to proper 
stabilization of the knee joint and proper support of knee 
structures.40 Therefore, it appears that earlier hamstring activity 
resulting from 6 weeks of plyometric exercises with FB or TP is 
a beneficial adaptation for proper knee loading.

Joint Position Sense

A comparison of pre- and posttest joint position sense errors of 
the 3 groups showed increasing knee joint position sense 
accuracy in the TP group at 45° (10.9% decrease in FB group vs 
54.5% decrease in TP group).

The calculated minimal detectable change (MDC) for the joint 
position sense is 2.72°.37 In the current data, the change from 
pre- to posttest exceeded the MDC for the TP group in 12 of 16 
participants, and for 4 of 16 FB group participants.

Our findings are consistent with previous studies that have 
highlighted the advantages of training of joint position 

Table 3. Demographics of participants, reported as mean ± standard deviation

Feedback Taping Control P

Age, y 24.0 ± 3.9 24.9 ± 4.5 24.4 ± 4.0 0.84

Weight, kg 59.1 ± 6.7 60.5 ± 6.1 60.9 ± 5.2 0.68

Height, cm 165.7 ± 3.6 164.25 ± 3.4 165.1 ± 3.5 0.51

Exercise experience, y 6.3 ± 1.6 6.1 ± 1.7 6.4 ± 2.0 0.94
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sense12,47,59 and seem to support the premise that the 
effectiveness of plyometric training for ACL injury prevention 
could be enhanced by providing FB. The evidence also 
demonstrates that participants with poorer joint position sense 
derive the most benefit from intervention.5,7

Unfortunately, we are unable to determine why athletes in the 
FB group did not exhibit improvements in knee joint position 
sense because we did not examine exercise technique, 
3-dimensional kinematics of hip, and knee moments, and so on 
during training.

However, it is possible that athletes in the FB group 
performed exercises with suboptimal technique, which resulted 
in less hip muscle recruitment, force production, and so forth, 
and limited training-related strength gains.

TP can improve proprioception through tactile stimulation; as 
some studies have suggested, skin stimulation is effective for 
betterment of position sense and movement.8 Applying an 
elastic bandage or tape can provide additional proprioceptive 
and kinesthetic information by stimulating cutaneous receptors 
and improve proprioception.63

Table 4. Onset of muscle activations

Within-Group Between-Group

Variable Muscles Groups
Pretest 

(Mean ± SD)
Posttest 

(Mean ± SD)

Change 
Relative 

to 
Pretest,a 

% P F (P) P

Onset of 
activation, ms

RF FB 324.1 ± 35.6 248.4 ± 35.8 23.4 ↓ 0.001 F = 182.0 0.002b

TP 322.4 ± 39.7 254.8 ± 38.9 21.0 ↓ 0.001 (P = 0.001) 0.006c

Control 313.1 ± 59.5 312.4 ± 68.1 0.2 ↓ 0.89

VM FB 208.8 ± 63.6 276.4 ± 62.1 32.4 ↑ 0.001 F = 82.4 0.001b

TP 193.7 ± 57.7 269.4 ± 55.6 39.1 ↑ 0.001 (P = 0.001) 0.002c

Control 206.4 ± 69.4 194.0 ± 59.9 6.0 ↓ 0.12

VL FB 264.4 ± 50.1 262.9 ± 51.4 0.6 ↓ 0.90 F = 48.6 0.001c

TP 267.4 ± 49.4 179.5 ± 48.5 32.9 ↓ 0.001 (P = 0.001)

Control 260.4 ± 76.8 266.8 ± 60.7 2.5 ↑ 0.37

GM FB 190.6 ± 47.2 219.3 ± 47.8 15.1 ↑ 0.001 F = 69.4 0.004c

TP 185.9 ± 42.7 246.8 ± 45.0 32.8 ↑ 0.001 (P = 0.001)

Control 188.3 ± 48.7 189.9 ± 49.4 0.8 ↑ 0.72

ST FB 162.4 ± 42.9 194.4 ± 41.4 19.7 ↑ 0.001 F = 75.1 0.001c

TP 164.5 ± 44.1 229.1 ± 45.2 39.3 ↑ 0.001 (P = 0.001)

Control 160.2 ± 54.8 153.7 ± 58.7 4.1 ↓ 0.32

BF FB 124.2 ± 57.7 159.2 ± 58.6 28.2 ↑ 0.001 F = 12.0  

TP 114.4 ± 56.8 139.3 ± 59.7 21.8 ↑ 0.001 (P = 0.001)

Control 117.4 ± 51.1 121.8 ± 62.3 3.7 ↑ 0.56

BF, biceps femoris; FB, feedback group; GM, gluteus medius; RF, rectus femoris; ST, semitendinosus; TP, taping group; VL, vastus lateralis; VM, vastus 
medialis.
aPercent change (↓decrease, ↑ increase).
bSignificant between FB and control groups.
cSignificant between TP and control groups.
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Eccentric loading like plyometrics increase training muscle 
tone and stiffness via an increase in muscle spindle activation 
and sensitivity that can increase proprioception. Using 
plyometric training, Swanik et al63 demonstrated improvements 
in swimmers’ proprioception, kinesthesia, and muscle 
performance characteristics that were consistent with our 
results.

Plyometric exercises with TP can improve knee joint position 
sense in female athletes with dynamic knee valgus at 45° of 
knee flexion. The athletes in the TP group were able to translate 
their training into safer landing kinematics and better joint 
position sense even though the squat tasks were not included 
as part of their training program. This type of “transfer” is 
indicative of motor learning and may be key to preventing ACL 
injuries in sports where athletes need to perform maneuvers 
under varying circumstances. By contrast, athletes in the FB 
group were less able to successfully adapt their movement 
pattern or transfer their training into improved performance 
during posttest.

Based on these results, it is recommended that TP and 
plyometrics, regardless of the presence of injury, may be helpful 
in people who have a poor joint position sense for improving 
their proprioception. Regardless, there is a need to continue to 
explore the influence of attentional focus on training 
adaptations because most studies related to attentional focus 
have only examined immediate differences in task performance 
or short-term retention of a motor skill.

Landing Error Scoring System

Plyometric training can improve joint awareness, balance, and 
neuromuscular properties. Multiple studies demonstrate that 
plyometric training may have a significant effect on knee 
stability and prevention of non-contact ACL injury among 
female athletes. It improves athletic performance by increasing 
neuromuscular adaptations and correcting faulty jumping or 
cutting mechanics,1 helping increase knee flexion angles, and 
decreasing knee valgus at landing. Plyometric training may 
facilitate neural adaptations that enhance proprioception, 

Table 5. Proprioception

Within-Group Between-Group

Variable Groups

Pretest 
(Mean ± 

SD)

Posttest 
(Mean ± 

SD)

Change 
Relative to 
Pretest,a % P F (P) P

Joint 
position 
sense

FB 4.6 ± 2.1 4.1 ± 2.4 10.9 ↓ 0.55 F = 4.1 
(P = 0.02)

0.55

TP 4.4 ± 1.2 2.0 ± 1.7 54.5 ↓ 0.001 0.28

Control 3.4 ± 2.1 3.2 ± 1.7  5.9 ↓ 0.61  

FB, feedback group; TP, taping group.
aPercent change (↓ decrease, ↑ increase).

Table 6. Landing error scoring system

Within-Group Between-Group

Variable Groups

Pretest 
(Mean ± 

SD)

Posttest 
(Mean ± 

SD)

Change 
Relative to 
Pretest,a % P F (P) P

LESS FB 9.3 ± 1.8 4.6 ± 1.0 50.5 ↓ 0.001 F = 65.9 
(P = 0.001)

0.001b

TP 7.9 ± 1.5 3.6 ± 1.5 54.4 ↓ 0.001 0.001c

Control 8.8 ± 2.1 8.4 ± 1.3  4.5 ↓ 0.36  

FB, feedback group; LESS, landing error scoring system; TP, taping group.
aPercent change (↓ decrease, ↑ increase).
bSignificant between FB and control groups.
cSignificant between TP and control groups.
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kinesthesia, and muscle performance characteristics as well. The 
current findings support this,1 showing that our interventions 
reduced LESS errors in active women with dynamic knee 
valgus. It is possible that the LESS scores improved in the TP 
and FB groups because the hamstrings limited knee valgus 
motion. So, plyometric training with instructional FB or TP is 
recommended to improve landing techniques and thus reduce 
future injuries. The reported MDC for the LESS was 5 in the 
literature.18 The change from pre- to posttest exceeded the MDC 
for the TP group in 7 of 16 participants and for the FB group in 
8 of 16 participants.

A previous study showed that increasing the angle of knee 
flexion at ground contact can reduce the forces and load on the 
knee during landing movements.68 Thus, reducing knee flexion 
increases the probability of injury to the knee and the ACL.1 
Laboratory motion analysis systems are the most accurate way 
to examine such motor patterns, but because of financial 
considerations and time constraints, their use to identify 
individuals with risky movement patterns in large groups is not 
practical. The LESS is a very inexpensive field tool that 
calculates landing jumping errors for a range of obvious items 
in human movement.50 This system has the high-performance 
capability to clinically evaluate hazardous landing 
techniques.48,50

Study Limitations and Strengths

Our findings indicate that the effects of a 6-week plyometric 
exercises with valgus control FB or TP on LESS performance, 
joint position sense, and timing of muscle onset in lower limb 
muscles may depend on an athlete’s attentional focus during 
training.

Athletes who trained with an external focus demonstrated 
superior improvements in timing of muscle onset, and LESS 
performance and reductions in joint position sense error than 
athletes who trained with plyometric exercises alone. It appears 
that clinicians, trainers, and coaches should consider utilizing 
instructions that promote an external focus when plyometric 
training programs with female athletes.

However, there are also limitations that must be considered. First, 
our study only included female athletes. Although the number of 
ACL injuries is higher in male athletes (male athletes sustain ACL 
injuries), most neuromuscular training programs have been 
specifically designed for both athletes. In addition, only the joint 
position sense of the knee joint was examined. The ankle joint is 
important for functional activities (jump landing), but because of 
time constraints, the proprioception of this joint was not evaluated. 
Finally, our study did not examine hip and knee via 3-dimensional 
motion analysis, which could have provided additional insight 
regarding control during landing.

conclusion

Plyometric training with FB or TP improved LESS scores; 
resulted in earlier activity of the VM, GM, ST, and BF muscles; 

and later activation of the RF and VL (TP group) muscles. Also, 
plyometric training with TP improves joint position sense.
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