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ABSTRACT

Background: Anterior cruciate ligament reconstruction (ACLR)
reestablishes electromyography activity during moderate activities such
as walking but it is unclear whether this is also the case in sports
activities such as running. Therefore, the present study aimed to evaluate
the acute effect of using anti- pronation insoles on muscle frequency
content in an individual with anterior cruciate ligament reconstruction
with pronated feet during running.

Methods: The sample of this study consisted of 13 individuals with both
ACLR and pronated feet aged 23.2+4.5 years and 13 healthy ones aged
22.9+4.1 years. During both Pre and Post-tests, participants ran barefoot
on an 18-m runway at a constant speed of 3.3t5 m/s. The
electromyography activity of the lower limb muscles was recorded
during running with and without anti-Pronation insoles. Two-way
ANOVA with repeated-measures test was used for statistical analysis.
Results: The results indicated greater vastus medial frequency content in
ACLR with the pronated feet group than that the healthy group during the
loading phase (p=0.024). Also, results demonstrated that the rectus
femoris frequency content was greater at the insole condition compared
with and without it during the loading phase (p=0.014).

Conclusion: The results of this research showed a significant change in
the activity of the quadriceps, hamstrings, gluteus medius, and
gastrocnemius when using anti-pronation insoles in people with anterior
cruciate ligament reconstruction and pronate feet. Therefore, it could be
useful clinically.
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Extended Abstract

Background: Anterior cruciate ligament
rupture is an important knee injury that may
have a serious impact on patients' quality of
life. Anterior cruciate ligament reconstruction
(ACLR) is a common treatment for people
after ligament rupture. While the stability of
the joint is restored after the operation.
However, they persist with several long-term
consequences, including impaired control and
neuromuscular function and the development
of arthritis [1]. The prevalence of ACLR in
the United States has increased from 86,687
(32.9 per 100,000 person-years) in 1994 to
129,836 (43.5 per 100,000 person-years) in
2006. Surgery statistics increased in patients
younger than 20 years and those who were 40
years or older [2]. In Iran, despite it's
relatively high frequency, accurate statistics
are not available. Rupture of the anterior
cruciate ligament leads to a decrease in the
electrical activity of the quadriceps muscles
and an increase in the activity of the biceps
femoris muscle during walking [3]. In
addition, rupture of the anterior cruciate
ligament causes earlier electromyography
activity in the biceps femoris muscle during
uphill walking, a decrease in the electrical
activity of the vastus laterals and hamstrings
during running, and a decrease in the
electromyographic activity of the biceps
femoris muscle and hamstrings [4]. It has
been reported after 10 minutes of walking [5].
ACLR has been shown to restore the
electrical activity of the operated leg muscles
to normal during smooth walking and running
[2,6]. However, previous studies have shown
that the quadriceps muscles of individuals
with ACLR are unable to use high-threshold
motor units due to reduced nerve conduction
and hypotrophy in muscle fibers [7,8]. It has
been reported that in healthy individuals,
during exercise with an intensity higher than
the lactate threshold (the point where the
lactate level accumulates in the blood), the
electrical activity of the muscles increases as
a physiological compensatory mechanism
[9,10]. However, it seems that individuals
with ACLR may not increase the electrical

activity of their involved muscles due to the
reduced ability to summon high-threshold
motor units. This may have important clinical
implications for athletes with ACLR because
the lack of increased muscle electrical
activity during high-intensity exercise may
indicate premature muscle fatigue and lead to
reduced performance [11].

However, it seems that the postoperative
phase may be beneficial to reduce the risk of
preoperative complications and improve
successful return to high-level activity. Up to
now, no study has investigated the effects of
using anti-pronation insoles in individuals
with ACLR. It seems that the use of anti-
pronation insoles had an important role in the
pathology of injuries caused by excessive use
of the lower limbs during running in people
with ACLR. Therefore, the present study
aimed to evaluate the acute effect of using
anti- pronation insoles on muscle frequency
content in an individual with anterior cruciate
ligament reconstruction with pronated feet
during running.

Methods: The sample of this study consisted
of 13 individuals with both ACLR and
pronated feet aged 23.2+4.5 years and 13
healthy ones aged 22.9+4.1 years. During
both the Pre and Post-tests, participants ran
on an 18-m runway at a constant speed of
3.3+%5 m/s. The electromyography activity
of the lower limb muscles was recorded
during running with and without anti-
Pronation insoles.

The electromyography activity of the lower
limb muscles was recorded during running
trials with and without anti-Pronation insoles
using bipolar Ag/AgCl surface electrodes
attached parallel to the muscle fiber direction
with an inter-electrode distance of 20mm.
Standardized skin preparation was performed
to ensure a skin impedance of <5000Q2. The
EMG data were recorded at 1000 Hz by an
EMG system (Data LITE EMG, Biometrics
Ltd, England). We collected data from eight
major surface muscles of the lower extremity,
including tibialis anterior (TA),
gastrocnemius medialis (Gas-M), vastus
medialis (VM), vastus lateralis (VL), rectus
femoris  (RF), biceps femoris (BF),
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semitendinosus (ST), and gluteus medius
(Glut-M) muscles following the SENIAM
recommendation. EMG signals were sampled
at 1000 Hz analog-to-digital conversion rate
at 16-bit resolution (amplitude range #5V;
band-pass filtered, 10-500 Hz; input
impedance>10 Ohm; common mode-
rejection ratio>110 dB) by a portable Wi-Fi
transmission device. The run was divided into
three phases to analyze the EMG data: the
loading (0-20% stance phase), mid-stance
(20-50% stance phase), and push-of
(50-100% stance phase) phases. Median
frequency content was extracted as a
dependent variable using the Data LITE
software. The normal distribution of data was
confirmed using the Shapiro-Wilk test. Two-
way ANOVA with repeated-measures test was
used for statistical analysis. All statistical
analysis was performed in SPSS version 22.
The alpha level was set at p< 0.05.

Results: Findings did not demonstrate any
significant difference for the main effect of
“insoles” during the loading response phase.
Findings demonstrated a significant main
effect of “groups” for biceps femoris muscles
frequency content during the loading
response phase (p= 0.049). The paired-wise

comparison demonstrated greater biceps
femoris frequency content in ACLR with the
pronated feet group than that the healthy
group during the loading phase. There was a
significant main effect of “insoles-by-group
interaction” for vastus medials frequency
content during the loading response phase (p=
0.024). There was a significant main effect of
“groups” for rectus femoris frequency content
during the loading response phase (p= 0.014).
The paired-wise comparison demonstrated
that the rectus femoris frequency content was
greater at insole condition compared with and
without it during the loading phase. There
was a significant main effect of “insoles-by-
group interaction” for gluteus medius
frequency content during loading response
phase (p=0.023).

Conclusion: The results of this research
showed a significant change in the activity of
the quadriceps, hamstrings, gluteus medius,
and gastrocnemius when using anti-pronation
insoles in people with anterior cruciate
ligament reconstruction and pronate feet.
Therefore, it could be useful clinically.
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