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Abstract: Electromyographic biofeedback (EMG-BF) is a technique that can contribute to the improve-
ment of muscle tone and control in the rehabilitation process after injury. The aim of this research
was to determine the effectiveness of EMG-BF in increasing the electromyographic activity of the
vastus lateralis after knee injury. The sample consisted of four individuals who had undergone
surgery or rehabilitation to resolve either a partial meniscal tear or a patellar tendon strain. The
intervention consisted of a program of ten sessions of EMG-BF work. Twelve trials were performed
in each session, in which participants were instructed to target the muscle tension produced by the
vastus lateralis of the uninjured hemilateral limb. Of the twelve trials in each session, the first three
and the last three were performed without feedback, and the intermediate six with feedback. The
recording of muscle activity was performed using CY-351/2 Mioback equipment, which allowed the
amplitude of the electromyographic signal to be evaluated. The results indicated that the sample
analyzed reached greater amplitude during the biofeedback trials, both for the maximum (Z = —13.43,
p <0.001, Cohen’s d = 0.64, 95% CI (0.27, 1.01)) and mean (Z = —7.26, p < 0.001, Cohen’s d = 0.24,
95% CI (—0.12, 0.60)) values. The amplitude also increased throughout the ten sessions, both for the
maximum (Z = —3.06, p < 0.01, Cohen’s d = 1.37, 95% CI (0.29, 2.45)) and mean (Z = —3.06, p < 0.01,
Cohen’s d = 1.20, 95% CI (0.34, 2.08)) values. Thus, the results highlight the efficacy of this technique
in improving muscle activity, suggesting that it is a useful therapeutic procedure in injury recovery.

Keywords: electromyographic biofeedback; retraining; muscle rehabilitation; knee; patellar
tendon; meniscus

1. Introduction

Biofeedback (BF) is a technique that monitors autonomic and physiological responses,
allowing the control and improvement of this response [1,2]. BF is an audiovisual feedback
system linked to the autonomic or physiological signal produced when a person begins to
exercise voluntary control over that response [3]. For this purpose, these devices incorporate
displays that are configured to give information of a graphical and /or numerical nature that
helps to establish voluntary control over the response [4]. Specifically, electromyographic
biofeedback (EMG-BF) is a technique that allows for electrical information to be collected
from the muscle [5,6]. Thus, depending on the degree of excitation of the muscle, the
transmitted signal will be more or less intense, which is generally displayed acoustically
and/or visually by devices that translate the electrical information received [7]. EMG-BF is
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a non-invasive procedure based on the use of surface electrodes to collect electrical activity
from the muscle [8]. This allows patients to self-monitor the response by learning the
sensations associated with a certain level of contraction intensity [9].

EMG-BF is a widely used technique for the rehabilitation of injuries affecting muscular
activity, both in sports and in other contexts involving people’s daily lives [10-13]. For
example, its efficacy has been observed in musculoskeletal readaptation after locomotor
system injuries, as well as in recovery processes after neurological injuries that affect
movement [14,15]. For example, Liang et al. [14] carried out a study on a sample of women.
A postpartum program was conducted in which one group received electromyographic
biofeedback pelvic floor muscle training in combination with neuromuscular electrical
stimulation of the rectus abdominis, and another group received only neuromuscular
electrical stimulation. The results showed a decrease in inter-recti distance for the group
that received both interventions. Florjanski et al. [15] showed the ability of EMG-BF
to regulate masticatory muscle activity, reducing chronic muscle pain, myofascial pain,
myofibrotic contracture, headache, and other pains.

Thus, when there is muscle involvement, this type of procedure is very useful for
regulating muscle activity and recovering movement control [16]. This technique has been
shown to be effective after bone, ligament, or muscle injuries that directly or indirectly
affect muscle function [17-21]. For example, Hernandez-Mendo [17] evaluated the ef-
ficacy of EMG-BF in increasing the electromyographic activity of the vastus lateralis in
professional soccer players after knee injury, showing the positive effects of a two-week
program with EMG-BF in which biofeedback sessions alternated with rest days. Likewise,
Christanell et al. [21] analyzed a sample of sixteen people who had undergone endoscopic
anterior cruciate ligament reconstruction. They showed that a program which included
EMG-BF was better than only a standard program in improving the function of vastus
medialis and knee extension.

When practicing physical activity and sports, the prevalence of lower limb injuries is
high [22,23]. Due to the permanent stress that these limbs endure, it is common for muscular
or osteoarticular injuries to occur in the legs, hips, knees, or ankles [23,24]. When this
occurs, there is a period of recovery and readaptation for the affected limb to re-establish
itself [25-28]. Specifically, the knee is associated with a wide variety of injuries, both in
sports and in other, more everyday contexts [29,30]. After a traumatic event, the knee can
present two important injuries, which include patellar tendon strain and partial meniscal
tear, among others [31,32]. A patellar tendon strain is a common injury that requires
physiotherapeutic treatment and complementary muscle strengthening measures after a
previous period of inactivity to reduce pain and reduce the structural damage generated in
the tendon [31,33]. A partial meniscal tear can be more or less serious depending on the
severity of the damage and whether it occurs in the medial or lateral area [34]. Surgical
intervention to repair this type of injury, such as meniscectomy, is very common in both the
general and sports population [35-40].

These types of injuries cause the temporary cessation of locomotor activity and muscu-
lature associated with knee movement and may cause a loss of functional capacity, which
requires a work-up process to improve performance [41-44]. For this, different procedures
are available, among which is EMG-BEF. Previous research has observed that this technique
is suitable for recovering the control and functional capacity of affected musculature after
injury [18-20]. For example, Hernandez-Mendo and Morales-Sanchez [18] showed the
efficacy of EMG-BF when used on professional soccer players with various injuries, such as
radius fracture or partial meniscus tear to increase muscle activity in various muscles such
as the brachioradialis or the vastus lateralis. In addition, Draper and Ballard [19] conducted
an investigation on thirty people who had undergone ACL reconstruction. They observed
that the six-week program combining EMG-BF and isometric exercise was more effective in
regaining strength in the quadriceps femoris musculature than a program without EMG-BE.
These authors indicated that the group rehabilitated with biofeedback recovered a higher
percentage of maximum contractile capacity. Likewise, Karaborklu-Argut et al. [20] carried
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out a systematic review in which they analyzed studies that evaluated the effectiveness of
EMG-BF in aiding rehabilitation after knee surgeries. This review highlighted that most
research concluded that EMG-BF was more effective than other standard rehabilitation
programs in improving the strength and functionality, as well as reducing the pain, of the
quadriceps femoris musculature.

When intending to use a therapeutic technique, it is essential to validate its efficacy.
Although biofeedback has previously been used to improve the recovery of various injuries,
it is difficult to conduct research with a specific clinical population due to its scarcity. The
use of EMG-BF following an injury and on a specific muscle is a subject of study with
limited prevalence. In the present study, we specifically analyzed two types of injuries that
have a significant impact on the physical inactivity of those affected, which generates an
important focus of interest when analyzing the efficacy of this technique. Thus, the purpose
of this study was to analyze the efficacy of EMG-BF in improving electromyographic activity
in the vastus lateralis in a sample that had undergone surgery after a partial meniscus
fracture or patellar tendon strain. For this purpose, a multiple-case study is presented that
reproduces the efficacy criteria proposed by Chambless and Hollon [45]. Likewise, the
choice of the vastus lateralis is justified because it is one of the muscles that provides the
most stability to the knee, as pointed out by authors such as Jarvela et al. [46].

2. Materials and Methods
2.1. Design

This research uses an intrasubject quasi-experimental design (A — B — A), with
nonrandom assignment and pretest (baseline) and posttest measures. The intervention
protocol is registered at https:/ /www.clinicaltrials.gov/ (accessed on 29 April 2022), with
identifier NCT05376072. In addition, the protocol used in this research conforms to the
so-called BFB (biofeedback) training [47], in which muscle activity is voluntarily modified
after obtaining information about previous contractions.

2.2. Participants

Four people participated in this research.

Case 1: This is a 20-year-old basketball player who plays for an amateur team and
competes at a local level. Due to a patellar tendon strain, he was inactive for a period of
10 months. The etiology of the injury itself caused a loss of muscle tone in the quadriceps
of the left leg. To alleviate this loss of tone, the medical prescription consisted of concentric
and eccentric strength exercises at least three times a week.

Case 2: This is a 21-year-old soccer player diagnosed with a partial meniscus tear in
his right leg. As a consequence, he underwent a partial meniscectomy thirty days prior to
the investigation. Before undergoing biofeedback treatment, he received laser therapy and
practiced functional recovery exercises. By medical indication, he attended daily physical
rehabilitation sessions. At the time of the biofeedback intervention, he presented slight
pain in the operated leg, which intensified with flexion extension exercises of the knee
against resistance, as well as hypotrophy of the right quadriceps.

Case 3: This is a 30-year-old woman who is regularly physically active and was di-
agnosed with a partial meniscus tear in her left leg. As a consequence, she underwent
a partial meniscectomy fifteen days prior to the investigation. Post-operatively, she was
immobilized for three days and subsequently had to use crutches for a week. Before under-
going biofeedback treatment, she received laser therapy and practiced functional recovery
exercises. By medical indication, she attended daily physical rehabilitation sessions.

Case 4: This is a 36-year-old male who is regularly physically active and presented with
a diagnosis of partial meniscal tear in the right leg. He underwent partial meniscectomy
twenty days prior to the investigation. Post-operatively, he was immobilized for four days
and subsequently had to use crutches for a week. By medical indication, he attended daily
physical rehabilitation sessions.
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2.3. Measurements and Instruments

The recording of EMG activity was performed using 15 mm diameter surface and
self-adhesive electrodes. A two-channel electromyograph (Mioback CY-351/2, Biociber
S.L., Barcelona, Spain) [48] was used to evaluate the different parameters and provide
visual and auditory feedback of EMG activity. The electromyograph performs automatic
amplification and filtering processes. It has a reading speed of 30 data/second between 0.1
and 20,000 microvolts, and a frequency of between 30 and 300 Hz. Likewise, two splints
were used that allowed the maintenance of the knee posture at full extension. In the
baseline sessions, the electromyographic activity of the vastus lateralis was evaluated
during maximal effort isometric contraction, and measurements were taken, in all cases,
of the signal amplitude. In addition, for the correct placement of the electrodes and good
reception of the electromyographic signal, the area was shaved and cleaned with ethyl
alcohol. The training sessions consisted of twelve trials each, with auditory and visual
feedback of vastus lateralis EMG activity collected in all cases.

2.4. Procedure

All participants signed an informed consent form before participating in the research.
In addition, the principles of the Declaration of Helsinki [49] were respected throughout
the process. Likewise, the study was approved by the ethics committee of the Univer-
sity of Malaga. The inclusion criteria included having suffered a knee injury, either a
patellar tendon strain or a partial meniscal tear, which had been resolved by surgery or
physiotherapeutic treatment.

The intervention lasted twenty days, during which 10 sessions of EMG-BF work were
performed with 1 rest session between each of them. Electromyographic activity was evalu-
ated during an isometric contraction of maximum effort in the vastus lateralis, recording
the amplitude of the electromyographic signal in millivolts or microvolts (depending on
the saturation of the channel). Each contraction lasted six seconds, and a rest of at least
two minutes was allowed between contractions. Each session lasted approximately 20 to
30 min. Also, the work target during the contraction of the injured limb was the maximum
intensity previously reached by the uninjured limb, which served as a work criterion for
the performer.

Each session was divided into three phases and a total of twelve trials: (a) three trials
without feedback, (b) six trials with biofeedback, and (c) three trials without feedback.
This session structure allowed intrasession gain (differences between phase a and c) and
intercession gain (differences between phase c of the previous session and phase c of the
current session) to be assessed. On the other hand, so that the electrodes would always
have the same location, a visible mark was made with an indelible marker. For this
investigation, the mean and maximum values reached during contractions (amplitude in
millivolts/microvolts) were used.

In all trials, we worked with isometric contractions. The participants remained in a
sitting position, with their legs resting on a chair and both knees extended. During isometric
contraction, the biofeedback equipment records the amplitude, the mean and maximum
of the electromyographic signal, and the contraction and stiffening times. Contraction
time is considered to be the time elapsed between the onset of the contraction and the
moment when the desired muscle activity is achieved. On the other hand, hardening time
is considered to be the time interval after which the tension reached is maintained [50].

During exercise with EMG-BF, the system displayed numerical visual and auditory
signals through a display which depended on the intensity of the contraction. The auditory
information intensified along with the electromyographic signal. According to the signals,
and only during the feedback trials, the therapist encouraged the patient to perform
the exercise.
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2.5. Data Analysis

Descriptive and inferential analyses were performed. Mean, standard deviation,
skewness, and kurtosis were calculated. The values of skewness and kurtosis should range
from +2 to —2 and +7 to —7, respectively [51]. In addition, the Kolmogorov-Srminov
and Shapiro-Wilk tests were used to test for normality, and indicated when the results
were not statistically significant. In addition, the Wilcoxon (if normality was not accepted)
and Student’s t (if normality was accepted) tests were used to analyze mean differences.
SPSS Statistics v.24 software (IBM Corp., Armonk, NY, USA) was used for this purpose.
Likewise, the Cohen’s d statistic was used to calculate the effect size (=0.20: small, ~0.50:
medium, and ~0.80: large [52]). Analyses of the variance components and generalizability
were performed using SAS v.9.1 (SAS Institute Inc., Cary, NC, USA) [53,54] and SAGT
v.1.0, respectively (University of Malaga, Malaga, Spain) [55]. An analysis of the variance
components was performed using the least squares strategy (VARCOMP Type 1), which
is based on decomposing the total variance into related components, and the maximum
likelihood strategy (GLM), which is based on seeking values in the model factors that make
the observed data more probable [56,57]. Generalizability analysis is a procedure that,
after scrutinizing the sources of variation affecting a measurement, provides an estimate
of how well the observed mean aligns with the mean of all possible observations. In this
analysis, the relative G coefficient is calculated as a measure of reliability, and the absolute
G coefficient as a measure of generalizability [58].

3. Results
3.1. Variance Component Analysis

Initially, a four-facet model was used, but due to the saturation produced by working
with a large number of facets, the model without interactions was used initially. The
following models were used: (1) [y = p s te ne] for estimating the maximum signal, and
(2) the model [z = p s te ne] for estimating the mean signal where p (participant) X s (session)
X tt (type of trial) x tn (trial number) — y (maximum EMG signal) z (mean EMG signal).

In both models, the least squares (VARCOMP Typel) and the maximum likelihood
(GLM) strategy were used to check whether the error variances obtained using each
procedure were equal ensure that the sample was linear, normal, and homoscedastic [56,57].
It was possible to verify that the error variances obtained using each model—the first model
[y = p s tt tn] and the second [z = p s tt tn]—were equal. Thus, for the model [y = p s tt tn],
the error variance was VARCOMP Typel= 860 and GLM = 860; for the model [z = p s tt tn],
it was VARCOMP Typel = 978,949 and GLM = 978,948.53. It is assumed, therefore, that the
sample used for both models has a linear, normal, and homoscedastic distribution.

It was also found that the model [y = p s te ne] is significant and explains 23.89% of
the variance. In addition, all the facets, except te (type of trial), are significant. Similarly,
the model [z = p s tt tn] is significant and explains 88.3% of the variance. In addition, all
facets, with the exception of n (number of trials), are significant.

Subsequently, four facet models with interaction were estimated: (1) the [y =p X s
x tt X tn] model of maximum signal estimation, and (2) the [z =p x s X tt X tn] model
of mean signal estimation where p (participant) x s (session) X tt (trial type) X tn (trial
number) — y (maximum EMG signal) z (mean EMG signal).

It could be verified, as in the previous case, that the error variances obtained using
each model ([y =p x s x tt X tn] and [z = p X s x tt x tn]) were the same. Thus, for
the first model, the error variance was VARCOMP Typel = 860 and GLM = 860; for the
second model, it was VARCOMP Typel = 978,949 and GLM = 978,948.53. It is assumed,
therefore, that the sample used for both models has a linear, normal, and homoscedastic
distribution. The model [y = p X s X tt x tn] is not significant and collapses all facets
because the [tt] facet explains all the variance associated with it. The model [z =p X s
x tt x tn] is significant and explains 92.30% of the variance. Similarly, all the facets are
significant. All interactions are also significant except for the [p x tn] and [p X s x tn]
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interactions. And the interactions [tt X tn], [p X tt X tn], [s X tt x tn], and [p X s X tt x tn]
collapse due to the contribution of p (participant) and tt (trial type).

3.2. Generalizability Analysis

Using the analysis of the variance components of the means [z=p X s x tt X tn] and
the sum of squares, a generalizability analysis was performed for this model. A four-facet
cross-facet analysis was performed where each of the facets was used sequentially as an
instrumentation facet.

A previous analysis of variance was performed where it can be observed (Table 1)
that the highest percentage of variance is associated with the facets [p] (participant), which
accounts for 69.532%, and [tt] (type of trial).

Table 1. Analysis of variance of the model [z=p X s X tt x tn].

Sources of Variation =~ Sum of Squares  Degree of Freedom Mean Square Y%
[pl 8,394,421.45 3 2,798,140.48 69.53
[s] 955,988.74 9 106,220.97 3.82
[plls] 210,894.61 27 781091 0
[tt] 1,191,352.64 1 1,191,352.64 14.15
[plltt] 117,122.04 3 39,040.68 1.53
[s][tt] 330,312.53 9 36,701.39 3.53
[pllsltt] 233,506.63 27 8648.39 4.35
[tn] 64,863.69 2 32,431.85 0.43
[pl[tn] 1048.08 6 174.68 0
[s][tn] 192,699.31 18 10,705.52 1.82
[plls][in] 58,809.88 54 1089.07 0.82
[tt][tn] 0 2 0 0
[pl[tt][tn] 0 6 0 0
[s][tt][tn] 0 18 0 0
[plls]ltt][tn] 0 54 0 0

Note. p = participant; s = session; tt = type of trial; tn = trial number).

The results of the generalizability analysis (Table 2) show that for all the models, the
relative and absolute G indices (indicating the reliability of the model and its generaliz-
ability, respectively) are optimal. The lowest values (0.555 and 0.866) correspond to the
model [s] [tt] [tn]/[p] and to the model [p] [s] [tn]/[tt], respectively, where [p] and [tt] act
as instrumentation facets (the facet to be estimated) and the facets [s] [tt] [tn] and [p] [s]
[tn] act as differentiation facets to the instrumentation facets, respectively. These values
can be explained by considering that facets [p] and [tt] have the highest percentages of
associated variance.

Table 2. Results of the generalizability analysis of the model [z = p|s|tt|in].

Face Levels Size Description Yo Model G G
Universe Variance Generalizability Relative Absolute
[p] 4 INF participants 69.53 [s] [tt] [tn]/[p] 0.934 0.555
[s] 10 INF session 3.82 [p] [tt] [tn]/[s] 0.988 0.984
[tt] 2 INF type of test 14.15 [p] [s] [tn]/[tt] 0.942 0.866
[tn] 3 INF test number 0.42 [p] [s] [tt]/[tn] 0.991 0.990

Note. p = participant; s = session; tt = type of trial; tn = trial number).

3.3. Trials with BF vs. Trials without BF and Trials before BF vs. Trials after BF

Table 3 shows the descriptive statistics for the mean and maximum electromyographic
activity (signal amplitude expressed in microvolts -pV-) for the pre-BF and post-BF tests
and for trials without biofeedback, performed during the 10 sessions as a whole. The
Shapiro-Wilk test values are also expressed.
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Table 3. Descriptive statistics for maximum and mean electromyographic activity values for the trials

with and without biofeedback, as well as before and after BF.

Electromyographic Activity (uV)

Values M SD S K S-W
Pre-EMG-BF trials Maximum 883.54 13557 —1.03 0.03 0.29 **
Mean 848.34 13522 —0.92 —0.18 0.25***
Post-EMG-BF trials Maximum 91641 123.06 —1.23 —0.25 0.14**
Mean 885.83 120.01 —1.21 —0.01 0.26***
EMG-BF trials Maximum 999.61 17697 —0.13 —0.10 0.36 ***
Mean 895.39 110.10 —1.18 0.174 0.30 ***
Without EMG-BF trials (pre and post) Maximum 899.98 130.23 —1.12 —0.04 0.33 ***
Mean 867.08 12895 —1.06 —0.07 0.28 ***

Note. M = mNote. M = Mean; SD = standard deviation; S = skewness; K = kurtosis; uV = microvolts; S-W=

Shapiro-Wilk. ***p < 0.001.

The Wilcoxon tests that were performed indicated the existence of statistically sig-
nificant differences between trials with EMG-BF and trials without EMG-BF in both their
peak (Z = —13.43, p < 0.001, Cohen’s d = 0.64, 95% CI (0.27, 1.01)) and mean (Z = —7.26,
p <0.001, Cohen’s d = 0.24, 95% CI (—0.12, 0.60)) values. As can be observed, the Cohen’s d
values show that the difference between the peak values was greater than that between the
mean values. In addition, statistically significant differences were found between pre- and
post-test values with EMG-BF in both their peak (Z = —3.83, p < 0.001, Cohen’s d = 0.25,
95% CI (—0.25, 0.76)) and mean (Z = —4.48, p < 0.001, Cohen’s d = 0.29, 95% CI (—0.22,
0.80)) values (Figure 1). As can be observed, Cohen’s d values show low effects.

p <0.001
1050
E_ 1000
2
kS
& 950
o
=
e
&
& 900
>
g
E
$ 850
&
800
Pre EMG-BF EMG-BF Post EMG-BF
Type of trial

Figure 1. Electromyographic signal differences during the work sessions.

3.4. Session One vs. Session Ten

@mOms Maximum
@=Om= Mean
......... Linear (Maximum)

......... Linear (Mean)

Table 4 shows the descriptive statistics (mean, standard deviation, skewness, and kur-
tosis) of the maximum and mean electromyographic activity values for the trials with and
without EMG-BF, as well as the mean of all trials in sessions one and ten. Electromyographic

activity is expressed in microvolts (V).
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Table 4. Descriptive statistics for maximum and mean electromyographic activity values for trials
with and without biofeedback in sessions one and ten, as well as the mean of all trials.

Electromyographic Activity (uV)

Session Values M SD S K S-W
Without EMG-BF trials 1 Maximum 819.90 9194 —-0.10 —3.08 0.76 *
Mean 77834 9338 00.01 —3.29 0.73*

10 Maximum 930.82 15.28 0.11 —-0.29 0.99

Mean 901.60 3204 —0.12 —0.64 0.96

EMG-BF trials 1 Maximum 950.08 22.58 1.02 —0.48 0.86
Mean 876.66 7.71 0.26 0.17 0.99

10 Maximum 1165.05 57.54 —0.10 —0.59 0.98

Mean 89891 18.79 1.68 3.10 0.84

All trials (mean) 1 Maximum 884.99 9325 —-1.07 -037 0.80*

Mean 82750 8140 —129 —0.36 0.65***
10 Maximum 1047.94 12874 0.27 —1.87 0.83 *

Mean 900.26  25.08 026 —0.09 0.98

Note. M = mean Note. M= Mean; SD = standard deviation; S = skewness; K = kurtosis; 1V = microvolts. *p < 0.05;
X%k
p < 0.001.

Wilcoxon tests indicated that there were statistically significant differences between the
electromyographic activity recorded in sessions one and ten in in trials without biofeedback,
both for the peak (Z = —2.20, p < 0.05, Cohen’s d = 1.68, 95% CI (0.36, 2.99)) and mean
(Z=-2.20,p <0.05, Cohen’s d = 1.76, 95% CI (0.43, 3.09)) values, as well as in all trials
for the maximum (Z = —3.06, p < 0.01, Cohen’s d = 1.37, 95% CI (0.29, 2.45)) and mean
(Z=-3.06, p <0.01, Cohen’s d = 1.20, 95% CI (0.34, 2.08)) values. Likewise, the Student’s
t tests performed indicated statistically significant differences between sessions one and
ten for the maximum (t = —11.09, p < 0.001, Cohen’s d = 4.91, 95% CI (2.65, 7.19)) and
mean (t = —2.34, p < 0.05, Cohen’s d = 1.55, 95% CI (0.26, 2.84)) values of the trials with
biofeedback. As can be observed, the Cohen’s d values show high effects in all cases.

Figure 2 contains a graph that shows the learning curve with the trend line. As can be
seen, the figure represents a progressive increase in the amplitude of the electromyographic
signal collected, as shown by the statistical tests performed.

——Maximum
——Mean
«++ Linear (Maximum)

««+ Linear (Mean)

26 31 36 41 46 51 56 61 66 71 76 81 8 91 96 101 106 111 116
Trials

Figure 2. Learning curve throughout the intervention program (120 trials). The graph shows the
mean and maximum amplitude values of the electromyographic signal, as well as the trend lines.

4. Discussion

The purpose of this research was to analyze the efficacy of an EMG-BF intervention in
the recovery of quadricep contractile capacity, specifically on the vastus lateralis muscle, in
a sample of patients who had suffered a knee injury. Specifically, the study participants
had undergone surgical or physiotherapeutic treatment to resolve one of two possible
injuries: a partial meniscal tear or a patellar tendon strain. The results show increases in
the electromyographic activity of the vastus lateralis during the trials with EMG-BF and
throughout the intervention program.
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First, the results show statistically significant differences between the trials with and
without biofeedback, especially regarding the maximum peaks, for which the effect size was
greater. In addition, a significant intra-session effect caused by the EMG-BF intervention
was observed, although this showed a low effect size. This occurred because the intrasession
comparison is biased by the learning accumulated throughout the sessions. In fact, as
seen in the results, the differences between the first and last sessions are highly significant
with a large effect size. This suggests that biofeedback increases the ability to regulate
muscle activity, as well as increasing contractile capacity and performance. These results
are consistent with previous literature, in which various authors have pointed out that the
EMG-BF is a useful procedure for improving the readaptation of the muscles involved in a
process of osteoarticular injury [10-15,17-22]. As an example, this intra-session effect has
been previously reported in research carried out by Morales-Sanchez et al. [59], in which
gains in electromyographic activity were observed after an intervention with EMG-BF in a
sample undergoing surgery to resolve a partial meniscus tear.

Second, this effect was observed throughout the program. The results show a positive
learning curve in both the average and maximum electromyographic activity throughout
the entire process. In addition, statistically significant differences can be seen between
the first and the last session of the program, and a large effect size was observed. This
highlights the effectiveness of the training and suggests that electromyographic biofeedback
is a suitable technique for improving muscle control and strength, as previous studies have
shown [4,10,11,22,47]. Similar results have been observed in previous studies on samples
with knee injuries, with gains in muscle activity being observed as a result of programs
in which EMG-BF was implemented [17-21]. Specifically, our findings coincide with the
effects found by Herndndez-Mendo and Morales-Sanchez et al. [17,18,55], who used similar
intervention programs. It is more difficult to compare these findings with those obtained
by other investigators using control group designs [19-21]. In this research, an intragroup
design was used. However, the evidence obtained in these investigations is consistent
with that presented here, since an increase in the electromyographic activity caused by the
EMG-BF was observed and its usefulness in this type of lesions can be inferred.

These results reflect the efficacy of a technique that can be used during injury recovery
processes in physical activity and sports practitioners. Therefore, EMG-BF is proposed as
useful for improving these processes and increasing the likelihood of recovery, improving
muscle readaptation. Furthermore, in injuries such as patellar tendon strain or partial
meniscal tear, it is important that the musculature adjacent to the knee recover well, given
that they serve as supporting musculature for the articular structure [31,32]. Therefore,
even if other physiotherapeutic techniques are used for this type of injury, it is suggested
that EMG-BF may contribute to a successful recovery [18-20].

4.1. Practical Applications

These results have important practical applications. As is known, during these periods
of inactivity, there is a decrease in muscle functionality, which results in difficulties re-
garding physical readaptation and returning to physical sports practice [33,41-44]. Injured
people lose motor sensitivity and contractile capacity in the muscles involved. Therefore, it
is considered appropriate to use techniques that improve the effectiveness of rehabilitation.
For this reason, and based on the scientific results, it is suggested that EMG-BF be used in
the early phases of the recovery process in addition to other standard osteoarticular and
muscular rehabilitation procedures. Therefore, implementing intervention programs with
EMG-BEF in the first weeks after the injury would improve the functionality of the muscle
and speed up its recovery.
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4.2. Limitations

The present study has a number of limitations. First, there was no follow-up of the
gains obtained by EMG-BF, which makes it impossible to determine to what extent the
learning obtained through biofeedback is maintained in the future. It would be interesting
to carry out follow-up sessions with biofeedback to check if, after an intervention with ten
sessions of EMG-BE, this learning is consolidated. In the present study, all the sessions
were carried out with biofeedback, so we do not know whether subsequent sessions carried
out without this procedure allow the injured person to maintain the contractile capacity
of the muscle that has been worked on. Secondly, this research has been performed on
the vastus lateralis muscle, but we do not know what effect it could have had on another
muscle section. In addition, it would also be interesting to determine whether there is a
transfer of the learning generated to other muscles. This would be very interesting, since
it would increase the performance of this technique and its therapeutic capacity. Thirdly,
it would be interesting to test the efficacy of this technique alongside other therapeutic
interventions. However, the difficulty involved in finding clinical muscles with this type
of lesion complicates this possibility. Fourth, more studies should be carried out in the
future with a design that includes a control group and a larger number of participants.
Furthermore, future research could be carried out by modifying the range of motion during
contraction to analyze how this variable affects the evolution of the contractile capacity of
the muscle.

In any case, the results shown in this study highlight the efficacy of EMG-BF in the
improvement of vastus lateralis muscle control after a patellar tendon strain or a partial
meniscal tear, suggesting that it may be a useful therapeutic tool in these cases.

5. Conclusions

These findings suggest that BF-EMG is an interesting component to be considered
for use in conjunction with other therapeutic procedures, since it can contribute to better
muscle readaptation and the more accurate recovery of pre-injury muscle tone. Given
that this type of injury generates a significant period of inactivity, the acceleration of the
contractile capacity of the muscle is an issue to be taken into account. For this reason,
BF-EMG could be used in meniscus and patellar tendon injuries to improve the muscular
control of the quadriceps musculature. Based on the results presented here, twenty-day
programs with ten work sessions which include BF-EMG would be appropriate for a
substantial improvement in the recovery of the muscle tone of the vastus lateralis, which is
useful for improving the performance of this muscle.
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