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Purpose: This study aimed to investigate the electromyographic activities and balance of Vastus
Medialis Obliquus (VMO) and Vastus Lateralis (VL) muscles during Straight Leg Raise (SLR)
in individuals with and without Patellofemoral Pain Syndrome (PFPS).
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Methods: Through an analytical case-control study, 26 persons with PFPS and 26 healthy subjects
were recruited by non-random and convenience sampling method. All subjects performed SLR
movement. The EMG activity of VMO, VL and VMO/VL ratio were recorded and measured.
The muscles activation level were compared between the 2 groups using the Independent t test.
The obtained data were analyzed using SPSS.
Results: The mean and maximum EMG activity of VMO, VL and VMO/VL ratio did not have
any significant differences between the PFPS and healthy groups (P>0.05). In other words,
during SLR, the VMO and VL muscles activation in the PFPS group were approximately the
same as the healthy group.
Conclusion: These data suggest that not all individuals with PFPS had weak quadriceps
muscles. Many factors may contribute to PFPS that should be considered in the assessment and
rehabilitation of individuals with PFPS.
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Highlights
● The EMG activity of vastus medialis obliquus and vastus lateralis muscles and of their ratio didn't have any
significant differences between individuals with and without patellofemoral pain syndrome.
● The vastus medialis obliquus and vastus lateralis muscles activation in the patellofemoral pain syndrome group
were approximately the same as the healthy group.
● All individuals with patellofemoral pain syndrome didn't have weak quadriceps muscle.

Plain Language Summary
This study aimed to investigate the activity of 2 parts of quadriceps muscle during Straight Leg Raise (SLR) in
individuals with and without Patellofemoral Pain Syndrome (PFPS). A total of 26 persons with PFPS and 26 healthy
subjects participated in this study. Therefore, the muscles activation levels were compared between the 2 groups.
The results showed that during SLR, the activation of these 2 parts of quadriceps muscle in the PFPS group were
approximately the same as the healthy group. Many factors may contribute to PFPS and all individuals with PFPS
didn't have weak quadriceps muscles.

P

1. Introduction

atellofemoral Pain Syndrome (PFPS) is a
frequent knee problem, mostly reported in
females and athletes. Patients with PFPS
experience anterior or retropatellar knee
pain during movements such as running,
jumping, climbing the stairs, or quad sitting for a long time [1-3].
Some factors including lower extremity malalignment,
patella alta, lateral patellar tilt, increased Quadriceps
(Q) angle, knee valgus, femoral anteversion, foot hyperpronation influence patellofemoral biomechanics and
increase the risk for PFPS [4, 5]. In addition, soft tissue imbalance such as lateral retinaculum shortening or
medial retinaculum weakness, iliotibial band tightness,
hamstring and gastrocnemius can indirectly increase
the forces on the patellofemoral joint [6, 7]. Quadriceps
muscle (especially VMO and VL parts) plays a critical
role in maintaining patella in the trochlea groove.
The Vastus Medialis Obliquus (VMO) is considered
as the main active medial stabilizer of the patella, according to its fibers orientation. While, Vastus Lateralis
muscle (VL), iliotibial band, and lateral retinaculum are
lateral patellar stabilizers [5, 8]. Therefore, weakness or
delay of the VMO activity causes the imbalance between
VMO and VL muscles. This can increase lateral force
on the patella which is one of the causes of PFPS [9-11].
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Conventional treatment usually includes quadriceps
strengthening, patellar bracing and taping, and soft tissue
mobilization and stretching [12]. In PFPS rehabilitation,
quadriceps muscle strengthening, especially VMO
part has been considered as an important intervention. Prior research suggests the importance of PFPS
rehabilitation program on strengthening and correcting
the timing of the VMO to improve the VMO/VL ratio
[13]. Also, optimal activity of the VMO, compared to
the VL is important in improving the balance between
the VMO and VL muscles and correcting biomechanics of the patella in trochlear groove that reduce the
patellofemoral joint stress [14].
Balance between the VMO and VL muscles activation
and improvement of VMO/VL ratio is essential in individuals with PFPS. Previous studies investigated the
effect of quadriceps muscles strengthening exercises
(especially VMO muscle) on the improvement of VMO/
VL ratio. The types of exercises included concentric, eccentric, isotonic, isometric and isokinetic in closed chain
or open chain conditions [6, 14, 15]. One of the recommended exercises in individuals with PFPS is Straight
Leg Raise (SLR). The effect of additional hip rotation,
dorsiflexion, or plantar flexion, and adduction exercises have been evaluated in various studies [2, 5, 8, 16].
However, there is no consensus over the most effective
exercise therapy in PFPS.
There has been much discussion on the VMO/VL ratio
and the balance of activity between the VMO and the VL
in healthy and PFPS subjects. Some studies showed that
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VMO/VL ratio in individuals with PFPS is less than that
in the healthy population [17, 18]. However, other studies have reported no significant differences between the
healthy and PFPS subjects in VMO/VL ratio during SLR
and SLR with hip external rotation [2, 19].

Study procedure

There is limited and conflicting information to support
the change in quadriceps muscles activation and their
weakness in individual with PFPS [20]. Therefore, this
study aimed to investigate the electromyographic activities and balance of VMO and VL muscles during SLR in
individuals with and without PFPS.

The participants laid supine on the bed and raised
the lower limb vertically with knee straightened up to
30˚ elevation that determined using a goniometer and
a designed device. To control the speed of movement,
the subjects were trained to reach the lower limb to the
determined target point in 5 s. Also, in seated position,
the Maximal Voluntary Isometric Contraction (MVIC)
of the quadriceps muscle against manual resistance was
measured to compute the normalized data for VMO
and VL muscles.

2. Materials and Methods

Statistical analysis

Subjects

All obtained data were analyzed using SPSS. The
Kolmogorov-Smirnov test was performed to confirm
the normal distribution of the data (P>0.05). Test–retest
reliability of EMG measurement was assessed by IntraClass Correlation (ICC). The Independent t test was used
to compare the demographic characteristics and muscles
activation level between the PFPS and healthy groups.
(P<0.05, indicating a significant difference).

Electromyography (EMG) assessment
EMG data were collected for the VMO and VL muscles
using MT8 EMG device manufactured by MIE in the
UK. The Ag/AgCl surface electrodes were positioned at
an inter-electrode distance of 2 cm. In the EMG signal
processing, the sampling frequency was set to 1000 Hz.
We used a band-pass filter of 20 to 450 Hz to reduce external noise [2, 22]. The raw EMG signal was smoothed
with root mean square method.
Skin was shaved and cleaned with an alcohol wipe to
minimize the impedance prior to the attachment of the
electrodes. The VMO muscle electrodes were placed approximately 4 cm superior and medial to the superomedial
border of the patella at a 50˚ to 55˚ to the reference line
(the reference line, joining the anterosuperior iliac spine to
the center of the patella). The VL electrode was placed 10
cm superior to the superolateral border of the patella at approximately 15˚ to the reference line. The ground electrode
was placed on the patella. To prevent signal perturbation,
the electrodes were fixed with Velcro strap [8, 23].

3. Results
The demographic characteristics of the subjects are presented in Table 1. No significant differences were found
between the study groups in respect of age, height, weight,
or body mass index (Table 1). The Intra-class Correlation
Coefficient (ICC) values for assessing test-retest reliability of EMG activity of VMO and VL during SLR movement was greater than 0.93. Table 2 summarizes the mean
and maximum EMG activity of VMO, VL and VMO/VL
ratios during SLR movement. The mean and maximum
EMG activity of VMO, VL and VMO/VL ratios were
not significantly different between the PFPS and healthy
groups (P>0.05) (Table 2) (Figures 1, 2, and 3).
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Through an analytical case-control study, 26 persons
with PFPS and 26 healthy subjects (18 women and 8
men, in each group) were recruited by non-random and
convenience sampling method. The inclusion criteria for
PFPS were having anterior or retropatellar knee pain (assessed by Visual Analogue Scale [VAS] of less than 5)
during at least 2 of the following activities: prolonged
sitting, squatting, running, ascending or descending
stairs, kneeling and jumping, and . The Participants aged
between 18-30 years [2, 21]. The exclusion criteria were
history of knee surgery or injury and/or patellar dislocation or subluxation [11, 21].
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Table 1. Demographic characteristics of the subjects
Mean±SD
Characteristics

(n=26)

P

PFPS

Healthy

Age, y

22.92±1.78

23±1.91

0.98

Height, cm

168.81±8.52

170±8.45

0.61

Weight, kg

65.73±11.47

66.96±11.93

0.70

BMI, kg/m2

22.97±2.21

23.08±2.72

0.88

Pain

4.12±0.65

-------------

Table 2. Mean and maximum electromyography activity of VMO, VL and VMO/VL ratios during SLR between the PFPS and
healthy groups (%MVIC)
Mean of Muscle Activity
Mean±SD

Muscles Group
PFPS

Healthy

VMO

41.55±13.22

49.57±19.70

VL

51.05±10.92

VMO/VL

0.81±0.18

Maximum of Muscle Activity
Mean±SD

P

P

PFPS

Healthy

0.09

55.69±13.05

59.74±18.40

0.36

56.78±15.84

0.13

64.06±11.61

64.35±16.57

0.85

0.84±0.17

0.58

0.86±0.15

0.92±0.12

0.13

Mean of activity (%MVIC)
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activity and VMO/VL ratio between the PFPS and
healthy groups [2, 19]. Moreover, Karst and Willett, and
Powers et al. reported no significant differences in the
timing or activation levels of the VMO and VL muscles
in individuals with and without PFPS [24, 25]. They reported that quadriceps muscle onset time in subjects with
and without PFPS was different during voluntary activity that might be a cause of PFPS [26-28].

According the results of this study and previous studies, there is no agreement on muscles weakness or decrease in VMO/VL ratio [36]. Some studies reported
muscles weakness and decrease in VMO/VL ratio [17,
18], while others reported no significant associations in
this regard [1, 2, 19, 34]. Additionally, the effectiveness
of exercises for the efficient activity of VMO muscle and
improvement of VMO/VL ratio still remains unclear.

A possible reason to the inconsistency in the results
of studies lies in the level of pain in the PFPS subjects.
In our study, PFPS subjects did not report much pain
(VAS<5). It was shown that pain inhibits and decreases
muscle activity, which also causes more muscle weakness [5]. It is difficult to determine whether quadriceps
weakness or atrophy are predisposing factors or develop after the initiation of PFPS. Furthermore, longitudinal research is required to determine whether quadriceps weakness or atrophy accounts as predisposing
factors for PFPS.

According to the previous studies, many factors may
contribute to PFPS. PFPS is a multifactorial disease
and various factors may be predisposition for the development of PFPS via alterations in patellar tracking,
increased patellofemoral joint forces, or combinations
of these bio-mechanical features [3]. This finding that
not all people with PFPS have quadriceps weakness
may explain why some individuals with PFPS respond
better to quadriceps strengthening than others. In addition, recent studies reported weakness of the gluteus
medius, gluteus maximus, and hip external rotators and
poor proprioceptive control in patients with PFPS [6,
36]. Moreover, some studies indicated that combined
interventions in patients with PFPS may result in better improvement of pain and function. Thus, PFPS is a
multifactorial condition that one specific treatment may
be beneficial for some patients. However, there is no
evidence that one specific treatment could be effective
for all patients. Thus, several factors may contribute to
PFPS that should be considered in the assessment and
rehabilitation of individuals with PFPS.

Quadriceps muscle strengthening exercises have been
recommended as an effective intervention to decrease
pain and improve function in individuals with PFPS.
Pain free quadriceps exercise is a challenge for clinicians
for safe treatment of PFPS. SLR is a common exercise
prescribed for patients with knee disorders to strengthen
the quadriceps muscle [16, 20], because exercising the
knee in a fully extended position can facilitate quadriceps activation and reduce patellofemoral joint reaction
forces [29-31]. Several studies assessed the quadriceps
muscles activations during different types of SLR. Bolgla et al. [30] reported that during SLR, vastus medialis
muscle had greater activation than 2 weight bearing exercises, including single leg stance and bilateral squat.
However, in this study only healthy subjects participated
and EMG activity of VL muscle was not measured.
Bakhtiary and Fatemi reported that semi-squat exercises increased the MIVC force of the quadriceps more than
SLR [14]. However, they investigated quadriceps muscle activity as a whole and disregarded different parts
of quadriceps separately, and lacked a control group.
Moreover, Soderberg et al. reported higher activation of
Rectus Femoris (RF) than vasti muscles during SLR [1,
32]. Sykes and Wong reported that additional hip rotation, especially external rotation to SLR had a significant
effect on the EMG amplitude of VMO [33]. However,
Karst and Jewett and Livecchi et al. stated that different
hip position in SLR could not change the VMO activity
[19, 34]. Wong reported that additional ankle weight to
SLR could improve the VMO muscle activity [35].

The mean and maximum EMG activity of VMO,
VL, and VMO/VL ratios lacked significant differences
between individuals with and without PFPS. In other
words, during SLR the VMO and VL muscles activation ratios in the PFPS group were approximately the
same as the healthy group. These obtained data suggest that not all individuals with PFPS had quadriceps
weakness. Many factors may contribute to PFPS that
should be considered in the assessment and rehabilitation of individuals with PFPS.
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