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ABSTRACT

Due to the lack of mechanoreceptors in people with anterior cruciate ligament
rupture (ACLR), sensory and motor neuroplasticity occurs, which causes abnormal and asymmetric
motor control patterns in the lower limbs. Perturbation-based training can improve motor asymmetry
and functional deficits in people with ACLR. In this study, we used a mechanical perturbation training to
assess its effect on the cortico-muscular performance during walking in athletes with ACLR.
[VETELE Thirty athletes with unilateral ACLR were randomly assigned to two groups of perturbation-
based and standard training. The training program of the two groups was done in three sessions every
other day per week for one month. The surface electromyography and relative power analysis of alpha
and beta waves in quantitative electroencephalography were performed during a walking task.
[(EEMTE The perturbation-based training group showed a significantly higher muscle activity in both
healthy and affected knees after increase in the similarity index (P=0.08, Cohen’s d=0.81), while there
was no significant difference in the standard training group (P=0.39, Cohen’s d= 0.39). In cortical activity
tests, the perturbation-based training group showed excellent symmetry in the relative power of alpha
wave compared to the standard training group (P=0.94, Cohen’s d =0.02) and a good symmetry in the
¢ relative power of beta wave (P=0.24, Cohen’s d=0.26).
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Introduction

nterior cruciate ligament rupture (ACLR)

is one of the most common sports injuries

[1-7], ranging from chronic knee joint

instability to early osteoarthritis [1, 8].

According to recent studies, motor dys-

functions after ACLR, such as decreased
proprioception and balance, muscle weakness, reduced
maximal voluntary contraction of quadriceps, increased
flexor withdrawal response, inter-limb asymmetry, knee
dislocation incidence, and impaired biomechanical adap-
tations are attributed to sensorimotor neuroplasticity de-
veloped in the brain of affected individuals [1, 3, 6, 8-10].
Following ACLR, due to changes in the afferent signals
from the injured joint to the brain, somatosensory pro-
cessing in the central nervous system (CNS) undergoes
changes, and subsequently, since there is no proper so-
matosensory input from the joint, inhibition of descending
motor neurons occurs leading to motor dysfunction [1, 9].
Due to these impairments, the CNS becomes dependent
on visual data to provide the sensory input needed for
proper motor control, and subsequently cortical activity
in brain regions involved in concentration, attention, and
vision increases [1, 8-12]. Motor control mechanisms in
individuals with ACLR change from a semi-automatic to
a voluntary state compared to healthy individuals [13].

Despite the current successful surgical and conserva-
tive treatments for ACLR patients, a high reinjury rate of
about 29.5% is still reported after return to sports in these
people. This failure is likely due to unresolved deficits in
the sensorimotor system of the muscles around the joint,
spinal cord, and brain [1, 8, 9, 14]. The high rate of rein-
jury as well as the inability to restore functional capacity
indicate that current standards of ACLR treatment, in-
cluding reconstructive surgery and rehabilitation, are not
sufficient to address the sensory and motor neuroplastic
changes, and more effective treatment strategies should
be adopted [1, 8, 15-17]. Therefore, one of the main goals
of our recent studies [18, 19] and the current study is to
find a more appropriate exercise method to improve the
impaired sensorimotor neuroplasticity developed in indi-
viduals following ACLR. In the present study, we aim to
compare the power spectrum of alpha and beta frequency
bands in EEG and interpretation of surface electromy-
ography (SEMGQG) patterns in lower limb muscles during
a walking task in individuals with unilateral ACLR per-
formed mechanical perturbation training and standard
strength-endurance exercises.
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Materials and Methods

Thirty subjects (17 men and 13 women, aged 18-40
years) with complete unilateral ACLR in the left knee
were selected from among athletes referred to the clinic
of the Sports Medicine Federation of the Islamic Repub-
lic of Iran. All participants were initially diagnosed by an
orthopedic surgeon through clinical examinations and
MRI and then referred to a sports physiotherapist to be
examined based on the inclusion and exclusion criteria.
randomly assigned to two groups of perturbation-based
training (n=15) and standard training (n=15). Participants
underwent objective assessments including sEMG of
eight muscles in each lower limb (Data LOG device, Bio-
metrics Ltd, England), and quantitative EEG recording
(relative power of alpha and beta waves) using 21 active
electrodes during a walking task in two phases of pre-test
(1-2 days before the study) and post-test (one week after
the exercises). The training program of the two groups
was done in three sessions every other day per week for
one month. Multivariate analysis of variance was used to
compare the effect of the two training methods on muscle
and brain variables during the walking task. We used Co-
hen’s D to determine the effect size of the training meth-
ods. P<0.05 was considered statistically significant.

Results

As shown in Table 1, the perturbation-based train-
ing group had significantly higher post-test values
in Similarity Index (SI) (P=0.03), magnitude of both
limbs (P=0.000) and Voluntary response index (VRI) of
both limbs (P=0.001) variables than the standard train-
ing group. In the between-group comparisons, the ef-
fects on SI (d=0.89), magnitude (Cohen’s d for affected
limb=1.64; d for non-affected limb: 1.77), and VRI (Co-
hen’s d for affected limb=1.36; d for non-affected limb:
1.38) were large. In the within-group comparison, only
the perturbation-based training group showed significant
improvement in the post-test value of VRI in both limbs
with a large effect (Cohen’s d for affected limb=1.43; Co-
hen’s d for non-affected limb: 1.35).

In the within-group comparison, the results showed that
the relative power of the alpha wave in the step on the
affected limb increased significantly in the perturbation-
based training group with a difference of 6.59 (P=0.03).
In examining the symmetry of the alpha wave relative
power for the two limbs, the perturbation training group
showed excellent symmetry (P=0.94, Cohen’s d=0.02),
and the standard training group showed moderate sym-
metry (P=0.19, Cohen’s d=0.51).
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Table 1. Between-group and within-group comparison of the SEMG variables during walking

Mean+SD
Group Time
Sl M-A, (uv) M-nA, (nv) VRI-A VRI-nA
Pre-test 0.4510.15 10.29+2.11 13.21+5.75 4.55+1.64 5.4612.11
Post-test 0.58+018 28.53+14 30.67+14.14  18.55114.18 19.24+14.77
Perturbation-based
training P value for W|t.h|n—gr0up 0.08 0.000" 0.000" 0.003" 0.002"
comparison
Cohen’sd 0.81 1.89 1.67 143 1.35
Pre-test 0.4840.18 9.5943.7 16.11+4.78 4,9+2.78 7.74£3.51
Post-test 0.42+0.19 12.17+4.13 12.7+4.61 5.14+2.81 5.13+2.53
Standard training s
Pvalue for within-group , 5 0.17 0.02" 0.85 0.05"
comparison
Cohen’s d 0.39 0.68 0.75 0.09 0.89
Pre-test 0.52 0.53 0.14 0.68 0.04"
Between-group Post-test 0.03' 0.000" 0.000" 0.001" 0.001"
comparison
Cohen’s d 0.89 1.64 1.77 1.36 1.38
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Avrebiation: Sl: Similarity Index; M-A: Magnitude of affected limb; M-nA: Magnitude of non-affected limb; VRI-A: Voluntary response index of

affected limb. * Significant (P<0.05)

In between group comparison in the post-test of beta
wave, the results showed a significant increase in the rela-
tive power of the beta wave for the healthy limb in the
standard training group (P=0.05, Cohen’s d=0.76). In the
within-group comparison, the relative beta wave power
for the affected limb in the perturbation training group de-
creased significantly with a difference of 12.57 (P=0.03),
while for the non-affected limb it decreased significantly
in the standard training group with a difference of 17.41
(P=0.001). In examining the symmetry of the beta wave
relative power for the two limbs, the standard training
group showed a significant difference in the symmetry
between the two limbs (P=0.02, Cohen’s d=0.64), and the
perturbation training group showed non-significant good
symmetry in the post-test phase (P=0.24, Cohen’s d=0.26).

Conclusion

This is the first study to examine voluntary motor control
and quantitative EEG activity during walking after train-
ing in ACLR patients. Those performed the mechanical
perturbation training had higher symmetry in the relative
alpha and beta power spectrum in a walking task com-

pared to those performed standard strength-endurance
exercises. Therefore, the mechanical perturbation training
can more effectively improve the impaired sensorimotor
neuroplasticity in the form of increased symmetry in the
alpha and beta frequency bands as well as movement in
both affected and non-affected limbs of ACLR patients.
It can be effectively used in training programs for these
individuals with the goal of returning to high levels of ath-
letic performance without surgery.
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11. Sports sciences research institute (SSRI) (Approval ID: IR.SSRc.
REC.1399.95)
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6. Surface electromyography (SEMG)

7. Voluntary response index (VRI)

8. Mechanical perturbation training

9. Sports Medicine Federation of the Islamic Republic of Iran
(SMFIRI)
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12. Surface Electromyography for the Non-invasive Assessment of
Muscles

13.Root Mean Square (RMS)

14. Rnorm

15. Magnitude
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16. Power spectral densities (PSD)

17. Multivariate analysis of variance (MANOVA)
18. One-way ANOVA

19. Supplementary tests

20. Effect size of Cohen’s d test (ES)
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27. Altered motor control
28. Quantify brain activation
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29. Power dynamometry

*Alphal(8-10 Hz), Alpha2 (10-12 Hz), Betal(HZ), Beta2(Hz), Beta3(Hz)
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30. Quadriceps avoidance gait
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31. Preparation and execution of voluntary movement
32. With stood
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