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The meniscus is important to the normal biome-
chanical function of the knee joint, as it withstands
tension, shear and compressive forces, and its loss is
associated with instability and the degeneration of the
joint.1,2 A meniscal injury is a common source of knee
joint pain, and approximately 61 in 100,000 meniscal
injury patients undergo meniscectomy.3 A medial
meniscus is injured twice as frequently as a lateral
meniscus, and generally the injury mechanism of the
medial meniscus is associated with the axial rotation,
which causes excessive valgus stress in the knee and
stress in the medial collateral ligament and posterior-
medial joint capsule.4

Arthroscopic meniscectomy may result in pain, joint

effusion, range of motion and muscle atrophy.5

Middle-aged patients still had muscular and func-
tional deficits four years after the procedure.6 After
meniscectomy, the hamstring’s strength recovers
quickly, but on the other hand, the quadriceps’
strength is markedly decreased immediately, and
persists for a long time.7 Since meniscectomy, there
have been many interventions, including modality
and isokinetic exercise.8 Thus, the major goal of early
rehabilitation is improving its strength to restore the
normal knee joint function.9,10 The vastus medialis
oblique (VMO) and vastus lateralis (VL) work syner-
gistically to stabilize the patella, and the ideal ratio of
VMO and VL is 1:1.11 Among the exercises to
strengthen the quadriceps femoris, an isometric
contraction of these muscles, called quadriceps setting
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INTRODUCTION

Background: Early rehabilitation after partial meniscectomy is important to
recover the balance of the vastus medialis oblique and vastus lateralis and
prevent pathological problems in the lower extremities and the whole body.
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Research.
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oblique and vastus lateralis was measured before and after intervention.
Results: In the two groups, the vastus medialis oblique and vastus lateralis
activations increased significantly (P<.05). The Q-setting sensorimotor training
group showed more increases than the Q-setting exercise group, and there
were significant differences between the groups (P<.05). The activation ratio of
the vastus medialis oblique and vastus lateralis had increasingly significant
differences in the Q-setting sensorimotor training group (P<.05), and there
were no significant differences between the groups (P>.05). 
Conclusion: Q-setting exercise with sensorimotor training was a useful method
that improved the balance of vastus medialis oblique (VMO) and vastus later-
alis (VL) activity after meniscectomy. 
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exercise, is widely used for early rehabilitation after
knee injury.12 Also, quadriceps’ muscular dysfunction
might appear due to impairment of the sensorimotor
system, as mechanoreceptors in meniscus can be
damaged by surgery.13

Recently, some studies have suggested the impor-
tance of the early application of rehabilitation after
meniscectomy.14 However, there are no studies on the
proper exercise protocol in early stage rehabilitation
and the effects of Q-setting with sensorimotor train-
ing on vastus medialis oblique and vastus lateralis
muscle activations. Therefore, the purpose of this
study is to compare the effects of Q-setting exercise
with and without sensorimotor training on muscle
activations in patients after partial meniscectomy.
The hypothesis of this study is that the Q-setting
exercise with and without sensorimotor training will
have differences in muscle activations within group
and between groups.

The subjects of this study were 20 adults who had
medial meniscectomy surgery before more than 3
days. The exclusion criteria were as follows: 1) those
who had ligaments damage of the knee; 3) those who
had previous orthopedic surgery except meniscecto-
my; 4) those who had inflammatory arthritis; 5)
those who had severe pain and fever. All subjects
were fully informed about the purpose and methods
of this study and signed the study consent form vol-
untarily. This study was approved by the Bioethics
Committee of Daegu University (No: 1040621-
201911-HR-042-08).

The activations of VMO and VL were measured
using EMG (4D-MT, Relive, Gimhae, Korea) to com-
pare the differences of activations.

Q-setting exercise
The patient lies down with their knee bent at 15-

20º above the pillow and then stretches their knee
by pushing the heel (Figure 1). While doing this,
compensations, such as hip floating and pelvic rota-
tion, must be prevented. The exercise is maintained
for 10 seconds and repeated 30 times for three sets.

Sensorimotor training
The patient sits on the edge of a bed with a height

lower than the iliac crest. The affected foot is then
placed on the dynamic air cushion while bending the
knee, and non-affected side puts on back. The
patient’s opposite hand grips the Thera-band, located
over the head on the opposite side, and pulls toward
the affected knee (Figure 2). The exercise is main-
tained 20 times for three sets. The break time is 30
seconds between sets.

Before starting the intervention, the muscle activa-
tions of the vastus medialis oblique (VMO) and vastus
lateralis (VL) were measured in all subjects using
electromyography (EMG), 2EM (4D-MT, Relive,
Gimhae, Korea). Subjects were randomly divided into
a Q-setting sensorimotor training group (QSMTG,
n=10) and Q-setting exercise group (QSEG, n=10).

SUBJECTS AND METHODS

Subjects

Outcome Measures

Interventions Experimental Procedures

Figure 1. Q-setting exercise.

Figure 2. Sensorimotor training.



1971

D.W. Jeong, G. Hwangbo

The intervention was conducted five days a week for
two weeks. Muscle activations in all subjects were
measured using the same method as the baseline
assessment. 
The muscle activations of the VMO and VL and the

ratio of VMO and VL were measured using elec-
tromyography. To minimize the errors during meas-
urements, the electrodes were attached after the
subjects cut the hairs on their thighs and cleaned
them using alcohol. The two active electrodes were
attached on the VMO, 4 cm above and 3 cm from
inside the superomedial patellar border at 55° from
the long axis of the knee, and the VL, 10-15 cm
above and 6-8 cm from the side of the superior bor-
der of the patella. The ground electrode was attached
at 2-3 cm below the knee on the same side. While
the subjects remained pain-free in the sitting posi-
tion, three repeated measurements were taken every
five seconds, three times over the middle three sec-
onds, excluding the first and last. The break time was
ten seconds. The method of electromyography was
used as a reference voluntary contractions (%RVC),
which are standardized based on a specific operation
because there are differences when using the maxi-
mal voluntary isometric contractions (MVIC) after
surgery.

All the data were analyzed with SPSS 23.0 ver for

windows (SPSS Inc, Chicago, IL). Means and stan-
dard deviation of the general characteristics and
variables of the subjects were calculated and
Shapiro-wilks test was used for normality. To con-
firm the differences in the vastus medialis oblique,
vastus lateralis and ratio of vastus medialis oblique
and vastus lateralis before and after each group
exercise, a paired t-test was conducted. To confirm
the differences between groups, independent t-test
was conducted. The statistical significance level was
set to α=.05.

The homogeneity test showed that the two groups
were homogeneous because there were no significant
differences (P>.05) (Table1).

In the two groups, the vastus medialis oblique and
vastus lateralis activations increased significantly (P<
.05). The Q-setting sensorimotor training group
showed more increases than the Q-setting exercise
group, and there were significant differences between
the groups (P<.05) (Table2).

The activation ratio of the vastus medialis oblique
and vastus lateralis had increasingly significant dif-
ferences in the Q-setting sensorimotor training
group (P<.05), and there were no significant differ-
ences between the groups (P>.05) (Table3).

Data and Statistical Analysis

Gender (M/F)

Age (years)

Height (㎝)

Weight (㎏)

QSMTG t P

5/5

33.10 ± 5.17

168.90 ± 8.26

65.00 ± 11.40

-1.13

1.03

.20

QSEG

5/5

35.70 ± 5.10

165.60 ± 5.83

64.20 ± 4.70

.27

.31

.84

Table 1. Characteristics of subjects.

*P < .05, Mean ± Standard deviation
QSMTG: Q-setting sensorimotor training group, QSEG: Q-setting exercise group

RESULTS
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Among the many problems that occur after menis-
cectomy, the imbalance of quadriceps femoris is most
notable, and the vastus medialis oblique is the part
weakened most easily. If the balance of the vastus
medialis oblique and vastus lateralis is broken, defor-
mities or pathological conditions can occur. This
includes not only deformation of the knee joint itself,
such as Q-angle, but also other divisions, such as in
the foot and hip joint. This study was conducted to
compare the changes of VMO and VL activations and
their activation ratio.
A study reported that if the meniscus is injured and

the injury lasts for a long time, it is easily exposed to
the risk of osteoarthritis.15 After meniscectomy, the
ability to extend the knee decreases, and the conse-
quential muscle weakness inhibits reflections of

motor fibers.16 As the imbalance between the vastus
medialis oblique and vastus lateralis can lead to
patellar maltracking and subluxation, selective
strengthening of the vastus medialis oblique is an
important goal to increase the medial force acting on
the patella.17 In the VMO and VL activation compar-
isons, both the Q-setting sensorimotor training and
Q-setting exercise groups showed significant
increases, but there were more increases in Q-setting
sensorimotor training group and significant differ-
ences between groups. A study reported that the
exercise using an unstable surface improved muscle
strength and alignment of the lower extremities18.
Based on these results, the Q-setting exercise is
regarded as a good method to improve VMO and VL
activations, and the Q-setting exercises with senso-
rimotor training are more effective in increasing acti-
vations.

QSMTG

QSEG

t

P

QSMTG

QSEG)

t

P

VMO

VL

Group Pre t P

21.50 ± 9.28

19.31 ± 4.82

-.66

.51

27.30 ± 10.67

23.45 ± 6.25

.98

.33

Post

56.73 ± 12.80

35.05 ± 10.15

66.27 ± 15.29

44.14 ± 17.74

-17.04

-6.89

-15.67

-4.67

Difference value

-35.23 ± 6.53

-15.74 ± 7.21

6.32

.00*

-38.97 ± 7.86

-20.69 ± 13.98

3.60

.00*

00*

.00*

.00*

.00*

Table 2. The comparison of VMO and VL activations (unit: %RVC).

*P < .05, Mean ± Standard deviation
VMO: Vastus medialis oblique, VL: Vastus lateralis
QSMTG: Q-setting sensorimotor training group, QSEG: Q-setting exercise group

QSMTG

QSEG

t

P

Group Pre t P

.79 ± .11

.83 ± .14

-.81

.42

Post

.85 ± .06

.81 ± .12

-2.56

.45

Difference value

-.06 ± .08

.01 ± .13

1.79

.09

.03*

.65

Table 3. The comparison of activations ratio in VMO and VL (unit: ratio).

*P < .05, Mean ± Standard deviation
VMO: Vastus medialis oblique, VL: Vastus lateralis
QSMTG: Q-setting sensorimotor training group, QSEG: Q-setting exercise group

DISCUSSION
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A study reported that the ratio in VMO and VL was
normalized after the Q-setting exercise was imple-
mented to strengthen the quadriceps femoris.19 This
study also found that while the ratio is within normal
range, the VL activation has increased more than
VMO activation. It is regarded that although the Q-
setting exercise was focused on VMO, the whole
muscles of the quadriceps femoris were involved in
knee extension.

It is important to ensure a balance VMO and VL to
1:1 since the imbalance of these muscles causes
chronic pain and reduces motor performance by
repeating functionally incorrect behavior.20 In the
VMO:VL ratio comparison, the Q-setting sensorimo-
tor training group improved significantly, but there
were no significant differences between groups. Since
this study was conducted for the purpose of early
rehabilitation and intervention was conducted for two
weeks, it is regarded that there will be significant
differences between the groups if the duration is
extended.
There were several limitations in the present study.

It was difficult to generalize the study results due to
the small number of subjects. In addition, the inter-
vention period was short. For the future study, more
subjects and more than four weeks of intervention
will be applied to determine and compare the effects
of the exercises.

In conclusion, this study suggests that Q-setting
exercise with sensorimotor training can be useful for
normalizing the balance of VMO and VL activations
after meniscectomy and can prevent possible patho-
logical problems.

CONCLUSION
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