
Middle East J Rehabil Health Stud. 2023 January; 10(1):e130364.

Published online 2022 December 24.

https://doi.org/10.5812/mejrh-130364.

Research Article

The Effects of Transcranial Direct Current Stimulation (tDCS) and

Biofeedback on Proprioception and Functional Balance in Athletes

with ACL-deficiency

Aliasghar Jamebozorgi 1, Abbas Rahimi 2, *, Aliyeh Daryabor 3, Seyed Morteza Kazemi 4 and
Fatemeh Jamebozorgi 5

1Occupational Therapy Department, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Physiotherapy Department, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Physiotherapy Research Center, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4Bone Joint and Related Tissue Research Center, Akhtar Orthopedic Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran
5Student Research Committee, Semnan University of Medical Sciences, Semnan, Iran

*Corresponding author: Physiotherapy Department, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Email: a_rahimi@sbmu.ac.ir,
arahimiuk@yahoo.com

Received 2022 August 13; Revised 2022 November 08; Accepted 2022 November 14.

Abstract

Background: Following an anterior cruciate ligament (ACL) rupture, proprioceptive deficiency may be responsible for functional
balance defects and joint instability. Recently, using transcranial direct current stimulation (tDCS) or biofeedback has been recom-
mended for athletes with ACL rupture.
Objectives: This study aimed to evaluate the effects of tDCS and biofeedback modalities while performing contraction exercises in
athlete with an ACL rupture.
Methods: Thirty-three athletes with ACL rupture were randomly divided into three groups of tDCS, biofeedback, and control, with
11 people in each group. All groups underwent a ten-session training of intermittent contractions of the lower extremity muscles in
a standing position at different knee angles, including 30, 45, and 90 degrees of knee flexion during four weeks. The control group
received no tDCS or biofeedback modalities except the contraction exercises. All subjects were evaluated both before and at the end
of interventions. The proprioception measured as rate of absolute error in the knee joint reconstruction was assessed by the digital
photography technique at knee flexion angles of 30, 45, and 90 degrees. The functional balance was assessed by the star excursion
balance test in eight different directions. All measurements were carried out on the injured limb.
Results: The results showed no significant difference among three groups regarding all variables related to the proprioception
and functional balance (P > 0.05). Intra-group comparison (before and after intervention) indicated that biofeedback significantly
improved both the functional balance in all directions and the proprioception of the injured knee at three knee flexion angles (P <
0.05). Moreover, tDCS significantly improved the functional balance in six directions, except anterior-lateral and posterior, and also
improved the proprioception at all angles of knee flexion.
Conclusions: Although the results did not show a large difference among groups, both tDCS and biofeedback modalities, along
with intermittent isometric exercises, may have reduced knee absolute error at the knee flexion angles of 30, 45, and 90 degrees as
well as improved the functional balance. Therefore, it was recommended that these modalities should be included in rehabilitation
program targeting ACL-deficient knee subjects.
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1. Background

The anterior cruciate ligament (ACL) is responsible for
maintaining the static and dynamic stability of knee joint
in the sagittal plane. The ACL not only has a mechanical
role in inhibiting excessive forward movement of the tibia
and its rotational motion relative to the femur, but also
plays an important role in transmitting information about

joint position and movement due to its many mechanical
receptors (1). ACL injury is one of the most common knee
injuries during sport activities, with a prevalence of 30 per
100,000 in the United States (2). Injury to the ACL could
lead to damage to proprioception as joint position sense,
thereby impairing the activity of mechanical receptors in
transmitting information to the central nervous system
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(3).
The proprioception is responsible for perceiving move-

ment and positioning different parts of the body without
using eyesight (3, 4). Proprioceptive information receiving
tone and length of muscles and position of joints along
with vestibular and visual information is needed to con-
trol posture and maintain balance in a particular position
or during dynamic movement (5, 6). Also, balance is one
of the indicators of functional independence to maintain
the center of gravity of body on the base of support and
to create appropriate muscular responses by integrating
sensory information from a body position in space (7). Im-
pairment of proprioception, especially in athletes, impairs
functional balance, which is a prerequisite for dynamic
and static activities (8). According to available evidence, a
decrease of postural control function in people with ACL
injury is due to a reduction of sensory information and sen-
sory stimulation from position of joint angle in the injured
leg (9, 10). Therefore, the ACL is more than a mechanical
limiter of the knee movement and is known as an impor-
tant motor sensory component for local control (11).

Following ACL rupture, treatments seek to achieve op-
timal range of motion, maintain, and promote joint sta-
bility, strengthen knee muscles, and achieve normal neu-
romuscular control. In recent years, attention to under-
standing the mechanisms related to neuromuscular con-
trol and dynamic stability of the knee in patients with ACL
defects has been increasing (12, 13). In the rehabilitation
process, however, improving proprioceptive and neuro-
muscular control is one of the little-known issues (14). To-
day, the use of new technologies such as neurofeedback,
biofeedback, and transcranial direct current stimulation
(tDCS) as safe and painless methods have been considered
to improve brain function, proprioception, and balance
(15-17). Biofeedback is a technique used to facilitate normal
movement patterns after injury (18). This technique pro-
vides biological information to clients in real time, which
can sometimes refer to external or complementary feed-
back. Therefore, it provides additional information for the
user. Electromyography biofeedback is a method of mus-
cle retraining by creating a new feedback system that con-
verts myoelectric signals in muscle into visual and audi-
tory signals (19). These feedbacks permit for alterations in
neuromuscular control, allowing a patient to reach a de-
sired goal of muscular contraction (20). Electromyogra-
phy biofeedback is often utilized along with conventional
rehabilitation techniques to improve strength, balance,
and proprioception (21) by facilitating patients’ compli-
ance, modulating muscle activation, and improving neu-
romuscular control (22).

Another new intervention in the rehabilitation of neu-
romuscular disorder used along with conventional re-

habilitation techniques is the tDCS. The tDCS is a non-
invasive and safe method of brain stimulation, that uses
low-intensity electrical current directly to desired areas of
the brain through electrodes on the skull surface and can
alter cortical irritability by modulating the resting poten-
tial of the neuronal membrane (23). Electric stimulation
works by changing the resting potential of cortical neu-
rons. Preliminary studies on animal specimens have indi-
cated a change in the activity of the cerebral cortex due
to electric current in the form of a decrease or increase
in excitability, depending on the conditions of the electric
current transmitted (24). TDCS can directly regulate brain
waves by means of an electric current delivered at a certain
frequency, and if it is prolonged enough, it can also have
neuroplasticity effects (25).

2. Objectives

Although ACL damage initially causes a peripheral dis-
order, it can functionally affect the central information
processing system (26). The development of effective
modalities such as biofeedback on the proprioception and
balance along with traditional rehabilitation has been re-
ported to in improve the performance following ACL in-
jury (27, 28). For the TDCS as a safe and painless method to
stimulate the central motor cortex in changing brain plas-
ticity, no research has been conducted in comparison with
modalities that affect the peripheral nervous system, such
as biofeedback after ACL injury. Assuming the effectiveness
of training methods, therefore, this study aimed to answer
the question of whether a ten-session period of standing at
different angles of knee while performing contraction ex-
ercises of lower extremity muscles along with the biofeed-
back or TDCS interventions can improve the propriocep-
tive and functional balance of athletes with complete and
isolated rupture of the ACL, as well as to find any differ-
ences between tDCS and biofeedback regarding these out-
comes.

3. Methods

3.1. Participants

Using convenience sampling method, 33 male ath-
letes with ACL injuries were recruited in this quasi-
experimental study. Inclusion criteria were subjects with
an isolated and complete ACL injury in the 18 - 30 age range
injured for at least four months and diagnosed with an
ACL rupture by orthopedist using MRI, no history of neu-
romuscular diseases affecting balance, and no length dis-
crepancy between two limbs. Also, the use of sleeping pills
and sedatives was controlled before the tests. The subjects
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with meniscus rupture, lateral ligament injury, cartilage
injury, signs of injury to the opposite knee more than 36
months after the injury, and previous ACL surgery were ex-
cluded from the study. Also, individuals with psychologi-
cal problems, epilepsy, and migraine were excluded. These
individuals were selected from the surgical waiting list of
the Akhtar Hospital, Shahid Beheshti University of Medical
Sciences. All subjects were matched based on their age and
then randomly divided into three tDCS, biofeedback, and
control groups. This study was approved by ethical com-
mittee of Shahid Beheshti University of Medical Sciences
(IR.SBMU.RETECH.REC.1398.603). Demographic character-
istics of the subjects are shown in Table 1.

Regarding the 95% confidence level and 80% power as
well as considering the mean and standard deviation (SD)
of Star Excursion Balance Test (SEBT) for the anterior-lateral
direction on the male athletes in a previous study (29), the
number of subjects was calculated as 11 per group by:

n =
(Zα + Zβ)

2 (δ21 + δ22
)

(µ1 − µ2)
2 =

(1.96 + 1.28)2(4.8 + 5.86)2

(88.86− 85.80)2
= 11

3.2. OutcomeMeasures

Primary outcome measures were the knee absolute er-
ror for 30, 45, and 90 degrees as proprioception, and the
functional balance using the SEBT in eight different direc-
tions.

3.2.1. Proprioception Analysis

To evaluate the joint proprioception in each group, the
method of reconstructing the target angle in the standing
position was performed using a system consisting of skin
marking and digital photography. For marking, partici-
pants were placed in a supine, comfortable position on the
treatment bed, and 3 colored skin markers with a diameter
of 4 cm were taped on the areas, including one to the upper
1/4 of the line between the greater trochanter and the mid-
dle of the lateral knee joint, the second to the upper part of
the lateral malleolus, and the third to the upper part of the
popliteal fossa along the upper edge of the patella. A smart
phone was placed at a distance of 185 cm from the person,
65 cm from the ground, and parallel to the knee joint so
that all three points were recognizable, and then the pic-
tures were taken. The difference between the test and re-
construction angles was assumed as an absolute error. The
absolute errors, as the amount of deviation from the tar-
get angle in reconstructing the angles of motion without
taking into account the deviation direction, were analyzed
with Digimizer image analysis software version 5.3.4.

3.2.2. Functional Balance Analysis

To evaluate the functional balance, the SEBT (30) was
utilized to measure the maximum distance in eight direc-
tions including anterior, anterior-lateral, lateral, posterior-
lateral, posterior, posterior-medial, medial, and posterior-
medial on injured limb. The subject performed each direc-
tion three times, and their averages were calculated and
divided by the leg length in centimeters, then multiplied
by one hundred to obtain the achievement distance in per-
centage of the leg length.

3.3. Procedure

All individuals carried out the isometric contraction
exercises in the standing position of two legs and one leg
at three knee flexion angles of 30, 45, and 90 degrees, ac-
cording to the evidence (31). All tests of the proprioception
and functional balance were performed on injured limb by
a trained examiner (other than the researcher) in one-leg
position. The control group received only the rehabilita-
tion exercises without any electromyography biofeedback
or tDCS. All groups were subjected to interventions for a
ten-session period during four weeks. After the initial eval-
uation of the subjects, the pre-study tests (baseline) were
performed, and the results were recorded. The second tests
were carried out when the last session was finished.

Intervention in tDCS group was performed in a sepa-
rate room without noise in the biomechanics laboratory.
In this research, the ActivaDose tDCS device made by Ac-
tive Tek Company from United States was used. This device
has the ability to increase the current intensity up to 5 mil-
liamperes. For the present study, the current intensity was
set on 1 milliampere. It includes a small monitor screen
with the adjustment buttons below it, two anode (red) and
cathode (black) electrodes, two square rubber sheets (to
place the head electrode inside), two sponge pads, and two
bands with strap to keep the pads on the head. To perform
the intervention, the subjects sat on a chair. After connect-
ing the electrodes to the device and placing them inside
the sponge pad, the stimulation points of subjects’ head
was determined according to the international 10 - 20 sys-
tem (32). We measured from the middle of the nasal to the
middle and end of the occiput with a meter and started
from the nasal part and marked 20% to the back to reach
the Fz area. Then, we marked another 20% back to the Cz
area, another 20% back to Pz, and again 20% to the back
to reach the middle of O1 and O2 (occipital cortex) (Figure
1). We fixed a pad with the anode electrode in the O1 re-
gion and a pad with the cathode electrode in the O2 region,
both using a strap pad (Figure 2). For the tDCS group, it was
stimulated for 20 minutes. If the person was in the control
group, the current was cut off after 30 seconds, but the elec-
trodes remained on the head for 20 minutes, and the sub-
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Table 1. Mean and Standard Deviation of the Subjects’ Demographic Characteristics a

Groups Age (y) Height (m) Weight (kg) BMI (kg/m2)

Control group (n=11) 30.25 ± 1.25 1.78 ± 5.35 78.75 ± 5.37 24.62 ± 1.75

Biofeedback group (n=11) 33.18 ± 7.63 1.78 ± 3.53 81.54 ± 6.8 25.58 ± 2.45

tDCS group (n=11) 29.91 ± 8.75 1.77 ± 7.26 81.37 ± 16.36 25.85 ± 4.49

a Values are expressed as mean ± SD.

ject was unaware of the current interruption during the in-
tervention. During tDCS intervention, isometric contrac-
tion exercises were performed in the standing position of
two legs and one leg at angles of 30, 45, and 90 degrees (33-
35).

Intervention in biofeedback group was performed
through the electromyography biofeedback as a recording
in which the person received visual and auditory feedback
via computer (Figure 3). In this study, a 5-channel biofeed-
back device from ProComp5 thought Technology Canada
model SA7525 with serial number CB1825, BioGraph In-
finiti Software, and EMG MyoScan-Pro™ sensors -T9401M-
60 were utilized. After launching the device and connect-
ing the electromyography surface electrodes to the vas-
tus medialis muscle, the baseline electrical activity of this
muscle was recorded. With standing on one leg and two
legs and with the maximum isometric contraction of the
knee in three angles of 30, 45, and 90 degrees, the person
performed it for 10 seconds and then rested for the same
time period, and this rhythm was repeated three times.
During every 10 seconds of maximum isometric knee con-
traction, the mean value of EMG signals was recorded.
Through visual feedback received by EMG signals, individu-
als had to increase the maximum threshold EMG value (27,
36).

3.4. Statistical Analysis

The normality of the data distribution was evaluated
using Shapiro Wilk test. To perform a pre-and post-
intervention inter-group comparison, one-way ANOVA was
used; and for a pre-and post-intervention intra-group com-
parison, Bonferroni test was used. All data were analyzed
with SPSS software, version 22, at a significant level of P ≤

0.05.

4. Results

4.1. Inter-group Comparison

There was no significant difference between three
groups in terms of the subjects’ demographic character-
istics (P > 0.05, Table 1). The inter-group comparison in-
dicated no significant differences among three groups af-

ter the interventions regarding the functional balance out-
come on SEBT in any eight different directions (P > 0.05, Ta-
ble 2). Regarding the proprioception, no significant differ-
ence was also found among three groups in knee absolute
error in 30, 45, and 90 degrees (P > 0.05, Table 3).

4.2. Intra-group Comparison

The intra-group comparison showed that ten-session
biofeedback modality used in individuals with ACL rup-
ture significantly improved the functional balance on SEBT
at all directions in injured limb compared with base-
line condition (P < 0.05, Table 2). For tDCS group, the
functional balance at six directions, including anterior,
lateral, posterior-lateral, posterior-medial, medial, and
posterior-medial was significantly improved (P < 0.05, Ta-
ble 2). No significant difference was observed for anterior-
lateral and posterior directions using tDCS. For the con-
trol group, a significant improvement was observed in
posterior, posterior-medial, and medial directions follow-
ing rehabilitation exercises without any electromyogra-
phy biofeedback or tDCS, but not for other directions.

Furthermore, absolute error in knee reconstruction at
three knee flexion angles (30, 45, and 90 degrees) of the
injured knee joint was significantly decreased after inter-
ventions in both groups receiving biofeedback and tDCS
compared to before interventions. For the control group,
a significant reduction was observed at knee angles of 30
and 90 degrees (Table 3, P < 0.05), with no significant dif-
ference at an angle 45 degree (Table 3, P > 0.05).

5. Discussion

In this study, it was hypothesized that proprioception
and balance may have affected by the intervention type. Ac-
cording to our results, however, no significant difference
was seen among groups. The lack of differences between
interventions may have been due to the short-term follow-
up of using the biofeedback and tDCS modalities. Since all
groups received contraction exercises at different training
angles, a ten-session period of training may not have been
enough to demonstrate a large difference among interven-
tions. Therefore, it was speculated that longer follow-up
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Figure 1. Electrode sites in tDCS

Figure 2. Placement of anode and cathode electrodes

using biofeedback or tDCS while exercising may have de-
tected enough changes between interventions, and it was
suggested that this possibility should be investigated by
further studies.

Although no significant difference was found in the
measured outcomes among the groups, the findings con-
firmed an improvement in proprioception as the knee ab-
solute error at the knee flexion angles of 30, 45, and 90 de-
grees was reduced following the use of biofeedback or tDCS
modalities while exercising. However, its improvement
was not found for the angle of 45 degrees in group receiv-
ing intermittent isometric exercises alone. Our study re-
sults regarding the effect of biofeedback on improving the
knee proprioception were in line with the findings from

studies by Ghomashchi (37), Christanell et al. (28), and
Carpinella et al. (38) investigating patients with stroke, ACL
rupture, and Parkinson, respectively. The accuracy of an-
gle reconstruction tested in assessing joint position sense
of the knee depends on the amount of information sent
from the skin, muscle, and joint receptors as propriocep-
tive sources. The proprioception increases the informa-
tion sent from the knee receptors and enhances the accu-
racy of signals. This is because the received visual feedback
can lead to learning precise movements by correcting the
errors observed during the exercises, which is consistent
with the analysis of Oh and Hwangbo’s study (2018) (39).
They used visual biofeedback along with exercise training
in patients with knee arthroscopy and suggested that in-
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Figure 3. Placement of electrodes on the patient’s leg by biofeedback

formation received through visual feedback could act as a
sensory alternative to compensate for the proprioception
of the injured limb in patients (39). Regarding the effect
of tDCS, on the other hand, the previous studies have also
demonstrated that it could have a positive role in the im-
provement of absolute error of proprioception in healthy
young people (40-42) and patients with tendinitis (43).
Stagg et al. indicated that applying tDCS over left dorsolat-
eral prefrontal cortex (DLPFC) caused increased activity of
the sensorimotor cortex and decreased activity of the tha-
lamus. It was hypothesized that increased activity of the
sensorimotor cortex might enhance proprioception (44).
Therefore, the tDCS is another therapeutic method applied
through electrodes on the scalp, and it is believed that cor-
tical irritability is altered by changing the potential of the
cell membrane due to the cathodal effect.

Proprioception is defined as the sense of awareness of
joint position. It is a process in which the central nervous
system receives information from the environments about
the position and movement of different parts of body in
conscious and unconscious levels. In addition to the vi-
sual and vestibular systems information, the propriocep-
tion provides information for planning and designing var-
ious movements to the central nervous system. Injuries
to the ACL cause irreversible damages to knee propriocep-
tion. Therefore, a comprehensive rehabilitation program
can improve the proprioception in order to create an en-
vironment for restoration and development of motor re-
sponses for involved limb. It seems that in people with
ACL rupture, due to the presence of knee proprioception
defect, performing simultaneous proprioception exercises

with modalities such as biofeedback (affecting the periph-
eral nervous system) and tDCS (affecting the central ner-
vous system) could exert an effective impact on improve-
ment of proprioception. In addition, since the exercises
at angles of 30, 45, and 90 were associated with repetitive
movements during stimulation, it also had a retraining as-
pect for the participants.

According to the evidence (31), on the other hand, exer-
cises in different angles of knee flexion with active and pas-
sive positions have been emphasized as therapeutic exer-
cises. In the present study, we found a significant improve-
ment of proprioception in all angles of 30, 45, and 90 de-
grees, with no preference of an angle on others. Thus, it
was recommend that proprioception exercises should be
performed at different flexion angles of knee.

According to our SEBT results, functional balance for
both groups of biofeedback and tDCS in the most direc-
tions and for the control group in only three directions
was significantly improved compared to before interven-
tion in the participants with ACL rupture. During the SEBT,
both hamstring and quadriceps muscle contraction, as
muscle stabilizers during the control of torso movements,
are necessary to maintain balance, as Ambegaonkar et al.
indicated a significant relationship between the strength
of hamstring and quadriceps muscles with better perfor-
mance during this test (45). Another study by Yang et
al. also focused on improving the activity of the rectus
femoris and biceps femoris muscles following the use of
tDCS (46).

The effect of TDCS on skill learning by applying the
cerebellar program has been shown previous studies (47,
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Table 2. Comparison of Functional Balance in 8 Different Directions in Three Groups; Control, Biofeedback and tDCS Group Pre and Post Intervention in People with ACL
Rupture

Directions of SEBT and
Groups

Pre-intervention Post-intervention Differences P-Value P-Value (Inter-group
Comparison)

Anterior 0.3

Control 84.8 ± 8.76 86.3 ± 7.93 1.50 ± 0.83 a 0.17

Biofeedback 85.2 ± 8.96 97.00 ± 11.90 11.80 ± 2.94 a 0.003 a

tDCS 84.01 ± 15.62 96.4 ± 15.39 12.40 ± 0.23 a 0.037 a

Anterior- lateral 0.7

Control 81.50 ± 11.68 84.30 ± 12.95 2.80 ± 1.27 a 0.28

Biofeedback 73.60 ± 20.17 85.80 ± 9.84 12.20 ± 10.33 a 0.05 a

tDCS 82.70 ± 12.78 91.10 ± 19.38 8.40 ± 6.60 a 0.30

lateral 0.49

Control 78.8 ± 12.73 85.60 ± 10.26 6.80 ± 2.47 a 0.30

Biofeedback 80.10 ± 16.04 87.80 ± 11.14 7.70 ± 4.90 a 0.04 a

tDCS 82.00 ± 12.09 88.80 ± 18.40 6.80 ± 6.31 a 0.009 a

Lateral-posterior 0.48

Control 84.6 ± 8.72 87.80 ± 5.19 3.20 ± 3.53 a 0.34

Biofeedback 81.10 ± 11.82 94.80 ± 15.6 13.70 ± 3.78 a 0.02 a

tDCS 85.07 ± 13.89 97.90 ± 16.22 12.83 ± 2.33 a 0.05 a

Posterior 0.6

Control 79.40 ± 8.94 85.10 ± 6.92 5.70 ± 2.02 a 0.03 a

Biofeedback 89.40 ± 11.72 97.50 ± 14.45 8.10 ± 2.73 a 0.03 a

tDCS 85.10 ± 15.32 95.70 ± 18.95 10.06 ± 3.60 a 0.08

Posterior-medial 0.54

Control 80.97 ± 11.43 93.10 ± 7.70 12.13 ± 3.73 a 0.04 a

Biofeedback 82.01 ± 10.90 92.40 ± 17.11 10.39 ± 6.21 a 0.05 a

tDCS 83.86 ± 14.21 96.08 ± 20.58 12.22 ± 6.37 a 0.005 a

Medial 0.5

Control 67.90 ± 12.80 72.80 ± 12.69 4.90 ± 0.11 a 0.04 a

Biofeedback 68.60 ± 18.82 82.60 ± 17.64 14.00 ± 1.18 a 0.05 a

tDCS 72.01 ± 17.06 86.30 ± 21.95 14.29 ± 4.89 a 0.005 a

Anterior- medial 0.5

Control 55.20 ± 12.78 59.67 ± 15.25 4.47 ± 2.47 a 0.054

Biofeedback 60.68 ± 23.56 72.50 ± 25.42 11.82 ± 1.86 a 0.009 a

tDCS 60.59 ± 17.19 72.10 ± 24.44 11.51 ± 7.25 a 0.01 a

Abbreviation: tDCS, transcranial direct current stimulation.
a Improvement in the functional balance status.
b P ≤ 0.05.

48). The cerebellum is a part of the motor skill learn-
ing network that plays a special role in the early stages
of learning due to the connection between the posterior-
lateral hemisphere of the cerebellum and the prefrontal
region (49). Biofeedback also intensifies the information

sent from the knee receptors and promotes propriocep-
tion along with visual feedback, which leads to learning
precise movements by correcting the errors observed dur-
ing exercise. In the present study, the biofeedback and
tDCS, in addition to increasing the accuracy of sensory in-
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Table 3. Comparison of Proprioception in Three Different Knee Angel at 30, 45, and 90 Degrees in in Three Groups; Control, Biofeedback and tDCS Group Pre- and Post-
intervention in People with ACL Rupture

Knee Angles and
Groups

Pre-intervention Post-intervention Differences P-Value P-Value (Inter-group
Comparison)

Knee absolute error
(30 degrees)

0.09

Control 23.20 ± 4.20 21.02 ± 2.97 2.22 ± 1.23 a 0.03 b

Biofeedback 17.02 ± 8.90 9.20 ± 4.10 7.82 ± 6.49 a 0.003 b

tDCS 17.10 ± 6.92 13.10 ± 5.09 4.00 ± 1.83 a 0.001 b

Knee absolute error
(45 degrees)

0.21

Control 28.70 ± 12.40 23.50 ± 9.37 5.20 ± 3.03 a 0.09

Biofeedback 23.80 ± 10.68 12.30 ± 5.75 11.41 ± 4.93 a 0.001 b

tDCS 21.60 ± 9.55 14.08 ± 5.76 7.52 ± 3.79 a 0.001 b

Knee absolute error
(90 degrees)

0.68

Control 14.80 ± 3.32 7.20 ± 4.11 7.60 ± 0.79 a 0.01 b

Biofeedback 15.82 ± 8.96 8.30 ± 3.50 7.52 ± 5.46 a 0.001 b

tDCS 16.00 ± 6.39 14.40 ± 3.67 1.60 ± 2.72 a 0.001 b

Abbreviation: tDCS, transcranial direct current stimulation.
a Improvement in absolute error in reconstruction of injured knee joint.
b P ≤ 0.05.

formation (by affecting the nervous-central and periph-
eral system as well as strengthening the muscles around
the knee according to training positions), may have played
an important role in regulating movements using muscle
control and improving functional balance in different di-
rections. According to our study results and those from a
recent systematic review, therefore, both biofeedback (17,
50) and tDCS (15, 16) were methods effective in dealing with
outcomes related to balance in different populations.

This study faced few limitations. First limitation was its
short-term follow-up. Also, the effect of gender difference
on responding to tDCS or biofeedback was not determined
since all participants were male athletes. Therefore, it was
recommended that further studies should be conducted to
investigate the cooper and non-cooper patients and com-
pare these two groups together, examine the individuals
after ACL reconstruction, and record the electrical activity
of knee muscles.

5.1. Conclusions

Although the results did not show a large difference
among groups, using both biofeedback and tDCS modali-
ties along with intermittent isometric exercises may have
reduced the value of absolute errors at 30, 45, and 90 de-
gree of knee flexion angles as well as improved functional
balance. Therefore, it was recommended that these modal-

ities should be included in rehabilitation program target-
ing ACL-deficient knee subjects.
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