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ABSTRACT

IS Patients with knee osteoarthritis (KO) commonly show quadriceps muscle weakness. One
of the important reasons for this weakness is arthrogenic muscle inhibition (AMI), a process in which
neural inhibition causes the failure of quadriceps activation. The present study aims to evaluate the
effect of cross-education on the AMI and the maximum extensor force of quadriceps in women with
unilateral KO.
In this study, 21 women with unilateral KO (grade 2) participated. The AMI and the
maximum extensor force of the quadriceps in the affected knee were measured before, immediately
after, and 15 minutes after cross-education. The cross-education included isometric training of the
contralateral quadriceps in 5 sets of 8 repetitions in one session. For measuring the AMI and maximum
extensor force of the quadriceps, a burst of electrical stimulation was superimposed on the maximal
voluntary contractions in 6 seconds.
(ST Immediately after one session of cross-education, the AMI of the affected knee significantly
decreased and the maximum extensor force of quadriceps significantly increased compared to the pre-
test phase (P=0.001). Fifteen minutes after cross-education, AMI significantly increased compared to the
¢ post-test phase (P=0.018), but was still lower than that in the pre-test phase (P=0.001)
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Introduction

steoarthritis (OA) of the knee is the most

common degenerative joint disease [1].

The characteristics of this disease in-

clude the destruction of the joint surface,

and reduction of joint space, resulting in
pain and swelling, which declines muscle strength and
quality of life [2, 3]. This joint destruction is common
in people over 50 [4]. Quadriceps muscle weakness is
a common clinical symptom associated with pain and
physical disability caused by knee OA [3, 5].

Atherogenic muscle inhibition (AMI) is one of the
causes of quadriceps muscle weakness, which is usually
observed in patients with OA and prevents the maxi-
mum activation of this muscle [6]. AMI in OA results
from pain and progressive destruction of the joint [7].
In this scenario, following the damage to the joint, the
muscles around the joint are reflexively inhibited, even
if they have not been damaged [8]. Atherogenic inhibi-
tion of the quadriceps muscle is one of the therapist’s
concerns, which causes muscle weakness, atrophy in
the healed joint [9], and prevention of effective muscle
strengthening [8]. There is much evidence regarding
the effectiveness of exercise therapy for treating knee
OA symptoms [10]. Therefore, treatments that improve
the quadriceps muscle strength in people with knee OA
are necessary. However, these patients cannot perform
strength exercises in the affected limb due to pain and
AMI. This condition prevents the increase in effective
muscle strength and makes it difficult to use it in the
rehabilitation program. It is believed that the strong con-
traction of the muscles around the inflamed joint can
cause damage to that muscle [12].

From a clinical point of view, the persistence of muscle
weakness can be of concern due to defects in the dy-
namic stability of the knee joint [13], physical perfor-
mance [14], and increasing pressure on the knee joint
[15]. Cross-education (CE) is a therapeutic method to
increase the strength of the muscles of the involved limb
without exercising the involved limb. Strength training
in one limb increases muscle strength in the opposite
limb (the limb not subjected to exercise treatment) [16].
Lipley et al. investigated the effect of 24 sessions of CE
on the strength and activity of the quadriceps muscle in
healthy individuals. Their findings reported an improve-
ment in the eccentric strength of the quadriceps muscle
in the opposite limb (the limb on which the exercise was
not performed) [17]. Onigbinde et al. investigated the
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effect of CE in people with knee OA. They reported that
after 6 weeks of isometric training on the healthy limb,
the maximum isometric strength of the quadriceps mus-
cle in the limb with OA increased significantly [18]. It
is unclear how the decrease in AMI can increase muscle
strength.

This study investigates the effect of one session of CE
on AMI and maximum extensor torque of the quadri-
ceps muscle in women with unilateral knee OA. The re-
sults of which can clarify the possible mechanism of CE
in these patients.

Material and Methods
Study participants

In this quasi-experimental study, 21 women with uni-
lateral knee OA were included based on the inclusion
and exclusion criteria after getting familiarized with
the study process and completing the informed consent
form. These women had grade 2 knee OA based on the
Kellgren-Lawrence grading scale.

The exclusion criteria included Suffering from severe
cardiovascular diseases, history of surgery or arthroplas-
ty in the lower limb, history of rheumatic and infectious
diseases in the knee, history of cancer, and inability to
give information and use drugs.

Study procedure

In this study, the amount of atherogenic inhibition and
the maximum extensor torque in the quadriceps muscle
of the knee affected by OA were measured in 3 stages:
1) Before the CE, 2) Immediately after the CE, and 3) 15
minutes after the CE.

Measurement of atherogenic inhibition and maximum
extensor torque in the quadriceps muscle were as fol-
lows. A dynamometer connected to an 8-channel Data
log (Data log, Biometrics, UK) was used to record the
maximum extensor torque of the quadriceps muscle of
the knee with OA. The locations of the electrodes were
determined according to surface electromyography for
the non-invasive assessment of muscles (SENIAM)
criteria [19]. Before testing, each subject performed 20
sub-maximal contractions while sitting on a chair (Fig-
ure 1) to warm up the quadriceps muscle and get more
familiar with the test conditions. After that, the patient
was asked to make her maximum voluntary effort to
activate the quadriceps muscle by pressing on the dy-
namometer installed on the chair. After 3 seconds of
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Table 1. Statistical indices of contextual variables (n=23)
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Variables MeanzSD Min Max
Age (y) 50.78%5.20 30 55

Height (m) 1.60+7.34 1.46 1.75
Weight (kg) 74+8.80 59 84

Body mass index (kg/m?) 28.6+3.53 9.23 37.9

contraction, the electrical stimulation of the quadriceps
muscle was applied to the individual’s maximum volun-
tary effort (burst superimposition). This contraction also
lasted for 3 seconds. The electrical stimulation device
used in this study was a 2-channel device with a current
frequency of 40 Hz. To electrically stimulate the quadri-
ceps muscle, we used one electrode on the muscle block
and another electrode about 2 cm distal to it (according
to SENIAM criteria) [19].

The atherogenic inhibition of the quadriceps muscle
of the knee affected by osteoarthritis was calculated us-
ing the maximal activation defect formula (Equation 1)
[20]. The measurement of atherogenic inhibition was
performed 3 times with an interval of 2 minutes each
time. The average of the 3 measurements was consid-
ered the amount of atherogenic inhibition of the quad-
riceps muscle.

1. Superimposed MVC-MVC

x100=AMI rati
Superimposed MVC rato

Treatment

In cross-education, the patient was asked to make a
maximum voluntary effort to activate the quadriceps
muscle of the asymptomatic knee isometrically by
pressing on the pad installed on the chair. The exercise
was done in 5 sets, each set including 8 contractions.

Archives of

Rehabilitation
Data analysis

Based on the one-sample Kolmogorov-Smirnov (K-
S) test results, the variables of atherogenic inhibition of
the quadriceps muscle and maximum extensor torque
had a normal distribution. Therefore, the comparison
was made in three measurement times with the help of
repeated measures analysis of variance (ANOVA) test.
The significance level was considered <0.05.

Results

Descriptive statistics (Mean+SD) of demographic
characteristics, including height (measured with a tape
measure), weight (measured with a scale), age, and body
mass index (BMI) are presented in Table 1. According to
the K-S test, the atherogenic inhibition variables of the
quadriceps muscle and the maximum extensor torque
had a normal distribution. Repeated measures ANOVA
showed that the atherogenic inhibition rate of the quadri-
ceps muscle after cross-training was significantly lower
than that before the intervention (P=0.001). Although
the amount of atherogenic inhibition of the quadriceps
muscle has increased compared to the time immediately
after the intervention, it is still significantly (P=0.001)
lower than that before the intervention (Table 2).

According to the results, the maximum extensor torque
of the quadriceps muscle after CE was significantly
higher than that before the intervention (P=0.001). Al-

Table 2. Mean atherogenic inhibition of the quadriceps muscle in terms of percentage in three measurement times (n=21)

Atherogenic Inhibition of the Quadriceps Muscle Mean1SD P F df Effect Size
Before the intervention 20.19+8.40
Immediately after intervention 7.5745.92 0.001 454 2 0.87
Fifteen minutes after the treatment completion 10.9516.16
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Figure 1. Patient’s position during the test Rehabilitation

though the maximum extensor torque of the quadriceps
muscle decreased 15 minutes after the end of the in-
tervention compared to the time immediately after the
intervention, it was still significantly higher (P=0.001)
than that before the intervention (Table 3).

Using the Bonferroni test, the pairwise comparison
showed that the average atherogenic inhibition of the
quadriceps muscle immediately after the intervention
and 15 minutes after its completion was significantly
lower than before the intervention (P=0.001). Also, the
average atherogenic inhibition increased significantly
15 minutes after the end of the intervention, compared
to immediately after the intervention (P=0.018).

In addition, the results of the maximum extensor
torque of the quadriceps muscle immediately after the
intervention and 15 minutes after its completion showed
a significant increase compared to before the interven-
tion (P<0.001). Still, it significantly reduced 15 minutes
after the end of the intervention compared to the time
immediately after the intervention (P<0.001).
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Discussion

The results of the present study showed that one session
of CE significantly reduced atherogenic inhibition and
increased the maximum extensor torque in the quadriceps
muscle of women with knee OA. Atherogenic inhibition
in people with knee OA can be caused by the progressive
destruction of the joint and abnormal joint afferent mes-
sages to oo motor neurons and the subsequent decrease
in the activity of these neurons, which causes a defect in
the central nervous system to activate the muscle volun-
tarily and completely. This condition is common among
patients with knee OA and can lead to functional defects
caused by the progress of the disease [7, 21].

Onigbinde et al.’s study (2017) showed an increase in
the maximum extensor torque of the quadriceps muscle
after 6 weeks of isometric CE training in people with
knee OA. However, the effect of CE on the atherogenic
inhibition of the quadriceps muscle was not investigat-
ed in these people. The results showed that CE, while
performed only on the non-involved limb, causes thera-
peutic effects on the involved limb [18]. Lepley’s study
investigated the effect of CE on the maximum activation
defect of the quadriceps muscle in healthy individuals,
and its results were not clinically significant [17]. The
sample size in this study was small (n=9), and maximal
activation defect was investigated in healthy people,
which is much less compared to atherogenic inhibition
in people with knee OA. The present study showed that
performing one CE session significantly reduces athero-
genic inhibition and increases the maximum extensor
torque of the quadriceps muscle in women with knee
OA. The neural mechanism is one of the most important
mechanisms proposed for the CE effect. According to
the evidence, the structure and organization of the brain,
including the anatomical connections between the two
hemispheres, play an important role in this phenome-
non. Unilateral resistance exercises in one limb change
the organization of movement pathways that control the
muscles of the opposite side [22].

Table 3. The mean rank of the maximum extensor torque of the quadriceps muscle in kilograms in three measurement times (n=21)

Atherogenic Inhibition of the Quadriceps Muscle Mean Mean Rank P Effect Size
Before the intervention 15.93+7.63 1.18
Immediately after intervention 21.1847.20 2.77 0.001 0.90
Fifteen minutes after the treatment completion 18.7216.96 2.05
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Voluntary unilateral contractions with high force
change the excitability of cortical neural pathways
that go to the opposite side [22]. This condition can be
caused by the reduction of transcallosal inhibition be-
tween the two primary motor cortices after mutual train-
ing [23]. In addition, strong contractions in one limb can
affect the cortex of the same side and cause adaptations
in the control system of the opposite side that cause
more effective motor afferents to the opposite limb
without training when maximally contracted [24]. All
these events are due to the connections between the two
primary motor cortexes and the premotor area’s connec-
tions with the primary motor cortex [25]. Studies using
transcranial magnetic stimulation have shown that brain
afferents from the motor cortex to untrained muscles in-
crease during unilateral resistance training. Also, brain-
spinal excitability rises in both the trained and untrained
hemispheres [26]. In addition, interhemispheric inhibi-
tion during activity is reduced in the limb without train-
ing, which suggests the plasticity of interhemispheric
connections to create the CE phenomenon [27]. Studies
that have investigated the activity of the motor cortex of
the opposite limb without training during training to the
other side have shown an increase in the activity in the
motor cortex of the opposite limb [28].

Conclusion

The results of this study showed that one session of CE
training can decrease atherogenic inhibition, followed
by an increase in the maximum extensor torque of the
quadriceps muscle in women with unilateral knee OA.
Also, the effects remain until 15 minutes after the end
of the exercise. However, this study did not examine the
long-term effects of these exercises. It will be clinically
important if future studies show the long-term effects
of these exercises. In cases such as OA of the knee or
other injuries, where due to pain or reasons such as fear
of further damage or disrupting the healing process, we
cannot perform strengthening exercises in the quadri-
ceps muscle of the affected knee directly, the degree of
atherogenic inhibition in the knee increases and remains
for a longer period. This condition leads to the difficulty
of the rehabilitation process of these patients and makes
it useless to perform strengthening exercises in the in-
jured knee. In these cases, it is possible to reduce the
atherogenic inhibition and increase the maximum exten-
sor torque of the quadriceps muscle of the affected knee
by performing strengthening exercises in the quadriceps
muscle of the asymptomatic knee without engaging the
affected limb and causing more damage to it. By re-
ducing atherogenic inhibition, the patient can perform
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strengthening exercises more effectively in the quadri-
ceps muscle, which is one of the most important parts of
the rehabilitation program in such patients. This condi-
tion will probably lead to strengthening these muscles
and improving knee function after injury.

According to the current study’s results, CE based on
neural adaptations will decrease atherogenic inhibition
in the quadriceps muscle of the knee with OA, which
can be a reason for increasing the maximum extensor
torque of the quadriceps muscle in these people. How-
ever, it should be noted that the long-term effects of
these exercises have not been investigated in this study,
and there is a need to examine it from a clinical point of
view in future studies.

CE becomes important when people with OA of the
knee or other joint injuries due to various reasons such
as pain, fear of further damage, disruption in the process
of tissue repair, and prohibition of strengthening exer-
cises in the affected knee and other reasons, are unable
to perform strengthening exercises in the quadriceps
muscle of the injured knee. Conducting more studies
and clarifying the nature and mechanism of CE effect on
atherogenic inhibition can further help use this method
in skeletal-muscular injuries.
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1. Osteoarthritis (OA)
2. Arthrogenic muscle inhibition (AMI)
3. Cross-education (CE)
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5. Body mass index (BMI)
6. Surface EMG for a non-invasive assessment of muscles (SENIAM)
7. Maximum voluntary Isometric contraction (MVIC)
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