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Abstract. [Purpose] The purpose of this study was to examine the vastus medialis oblique to vastus lateralis ratio 
in two pelvic tilt positions while performing the sit-to-stand task. [Subjects and Methods] Activation of the vastus 
medialis oblique and the vastus lateralis muscles of 46 healthy subjects (25 males, 21 females) were recorded by 
surface electromyography during the STS task with anterior pelvic tilt (sit with thoracolumbar spine extended and 
pelvis in an anterior tilt) and neutral pelvic tilt (sit with thoracolumbar spine relaxed and pelvis in the neutral tilt 
position) positions. Changes in vastus medialis oblique, vastus lateralis activation and the vastus medialis oblique/
vastus lateralis ratio were analyzed. [Results] Vastus medialis oblique and vastus lateralis muscle activation signifi-
cantly increased in neutral pelvic tilt position, but the vastus medialis oblique/vastus lateralis ratio was not statisti-
cally different. [Conclusion] The sit-to-stand procedure with neutral pelvic tilt position increased activation of the 
vastus medialis oblique and vastus lateralis, usefully strengthening the quadriceps, but did not selectively activate 
the vastus medialis oblique muscle.
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INTRODUCTION

Patellofemoral pain syndrome (PFPS) is a common 
disorder of the knee joint, and occurs in both athletes and 
the general population1, 2). PFPS is difficult to diagnose, is 
multifactorial, and includes lower extremity malalignment 
(increased Q angle, patella alta, external rotation of the tibia, 
and pronated foot), muscle weakness (hip abductors and 
external rotators), and muscle imbalance (vastus medialis 
oblique [VMO] muscle versus vastus lateralis [VL] muscle 
and tensor fascia latae)3, 4). Previous research has focused on 
treatment of the knee joint, such as conservative treatment 
(taping, bracing, modality), and knee joint muscle exercises 
(VMO muscle strengthening, altered VMO muscle onset 
time)5, 6). Although conservative treatment and knee joint 
muscle exercises reduce pain and dysfunction, some PFPS 
patients consistently report unequal effectiveness and knee 
joint dysfunction with proximal treatment (lumbo-pelvic re-
gion exercise, hip abductor, and external rotator strengthen-
ing)7, 8). Because hip abductor and external rotator weakness 
induces knee valgus and increased patellar lateral tracking, 
proximal joint muscle exercises can correct lower extremity 
alignment9, 10).

Knee joint alignment is influenced by the proximal 
structures located above the knee. For example, excessive 
anterior pelvic tilt produces increased femoral anteversion 
(FA) due to the increased acetabular anteversion angle, and 
the femoral head is less covered than in the normal hip joint 
position. Increased FA results in greater internal rotation 
of the femur, displacing the patella laterally relative to the 
ASIS and tibial tuberosity line, increasing the Q-angle and 
the valgus knee alignment11). Knee valgus increases the 
risk of lateral knee OA progression and PFPS, because the 
load-bearing axis passes lateral to the centerline of the knee, 
and the resulting moment arm increases the bowstringing 
force across the lateral compartment12, 13). Therefore, PFPS 
treatment needs to correct the proximal joint for the normal 
alignment of the knee joint.

The sit-to-stand (STS) procedure is one of the most 
frequently used exercises for examining the changes in 
the VMO and VL muscle activities, and the onset time in 
PFPS patients or healthy subjects14, 15). Nevertheless, there 
is a lack of scientific data relating to the required pelvic tilt 
position for the STS task. Normal STS requires coordinated 
spatiotemporal interaction between linked body segments. 
Between the onset of STS and buttocks lift-off, forward 
leaning is accomplished by concurrent trunk and hip flexion, 
and anterior pelvic tilt16, 17). Therefore, there is a need to rec-
ognize the differences in the activation of the VMO and VL 
muscles according to the proximal pelvic tilt position during 
STS. The purpose of this study was to examine the VMO 
to VL ratio in two pelvic tilt positions while performing the 
STS task.
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SUBJECTS AND METHODS

We conducted an a priori sample-size power analysis 
using the variability of the VMO:VL ratio obtained from 
pilot data. Based on this analysis, 25 participants in the male 
group (two tails, β=0.20, α=0.05, effect size=0.57) and 21 
participants in the female group (two tails, β=0.20, α=0.05, 
effect size=1.15) were required to adequately power this 
study. The participants were 25 men (age=24.3 ± 3.9 years, 
height=1.73 ± 0.03 m, weight=69.8 ± 8.7 kg) and 21 women 
(age=20.9 ± 0.9 years, height=1.60 ± 0.03 m, weight=54.4 ± 
4.3 kg). The inclusion criteria were no history of orthopedic 
surgery, a lower limb length difference of no more than 
1 cm, and no pain during the STS task18). Before taking part, 
the participants provided their written informed consent. 
This study was approved by the Institutional Review Board 
of Silla University.

Activation of the quadriceps femoris muscle was recorded 
using a Noraxon Telemyo 2400T DTS Telemetry system (No-
raxon, Inc., Scottsdale, AZ, USA). Three bipolar Ag–AgCl 
surface electrodes (Blue Sensor, Olystyke, Denmark) with 
a diameter of 1.8 cm and an interelectrode distance of 2 cm 
were placed on the rectus femoris, the vastus medialis and 
the vastus lateralis. The vastus medialis (VMO) electrode 
was placed on the center of the muscle belly, approximately 
4 cm superior and 3 cm medial to the superomedial patella 
border, and was orientated at 55° to the virtual line of orien-
tation of the muscle fiber. The vastus lateralis (VL) electrode 
was placed 10 cm superior and 7 cm lateral to the superior 
border of the patella, and was orientated 15° to the virtual 
line of orientation of the muscle fiber. The single reference 
was an electrode placed on the patellar center5). All of the 
EMG electrodes were placed by the same examiner.

EMG data were processed using the MyoResearch Mas-
ter Edition 1.08 XP software (Noraxon, Inc., Scottsdale, 
AZ, USA). Raw EMG data were recorded after band-pass 
filtering between 20 and 450 Hz, and were sampled at 
3,000 Hz using a 12-bit analog–digital conversion. The root 
mean square (RMS) was smoothed with a moving window 
of 50 ms. For maximum voluntary isometric contraction 
(MVIC) of the VMO and VL muscles, the participants sat on 
a backless chair with 90° hip flexion and full knee extension. 
They performed 5 s isometric contractions of their quadri-
ceps femoris muscle19).

The participants performed the STS with anterior pelvic 
tilt (APT) and neutral pelvic tilt (NPT) sitting postures. For 
the APT position in the sitting posture, the participants were 
instructed to sit with their thoracolumbar spine extended 
and their pelvis in an anterior tilt. The participants stood up 
naturally. For the NPT position in the sitting posture, the 
participants were instructed to sit with their thoracolumbar 
spine relaxed and their pelvis in the neutral tilt position20). 
They were also instructed to maintain their pelvis in the neu-
tral position by abdominal muscle contraction until comple-
tion of the STS. Prior to the STS trials, the participants were 
allowed to familiarize themselves with the procedure. Each 
participant performed five STS trial procedures for each sit-
ting posture at a self-selected speed. Participants sat on an 
armless, backless, and height-adjustable chair in their bare 
feet with their arms folded across the chest. Each foot was 

placed on the ground, maintaining the same foot position 
(between ASIS length) in each trial. The knee joint was 
flexed at 90° so the second toe was vertically below the knee. 
Participants were asked to look at a fixed point (2 m above 
the ground and 4 m ahead of the chair)21).

The independent variables were the APT and the NPT 
positions. The dependent variables were activation of the 
VMO and VL muscles, and the VMO:VL ratio. A two-tailed, 
paired t-test was performed to compare the muscle activa-
tions and their ratio between APT and NPT using SPSS 
statistical software (ver. 18.0; Norusis/SPSS Inc., Chicago, 
IL, USA). The alpha level was chosen a priori as 0.05.

RESULTS

Table 1 shows the change in activation of the VMO and 
the VL, and the change in the VMO:VL ratio of the men and 
women in the APT and NPT positions during STS. VMO 
and VL activation increased significantly more in NPT than 
APT, but the VMO:VL ratio was not significantly different 
between the two task.

DISCUSSION

The VL and VMO muscles showed significantly in-
creased activation in the NPT position compared to the APT 
position. Previous studies have focused on effortless meth-
ods to improve the performance of the STS. Increasing the 
seat height relative to knee height decreased the lower limb 
joint and the muscle force22), and increasing the seat cushion 
thickness caused difficulties for older subjects performing 
the STS procedure23). However, in this study, we assessed 
the NPT position for more effective quadriceps femoris 
muscle strengthening during the STS exercises. In the study 
of muscle function and coordination during movement, the 
vastus muscle has a relatively large extension moment com-
pared to other knee extensors during knee extension24). STS 
with the NPT position produced minimal hip flexion and 
maximal knee extension. Generally, STS elicits an anterior 
pelvic tilt. An anterior pelvic tilt is caused by the hip flexor 
and back extensor muscles acting as a ‘force couple’ for 
lumbar lordosis. However, repetitive increased activation of 
the erector spinae (ES) and RF may induce lumbar lordosis 
and low-back pain25). In this study, instead of ES muscle 
contraction, abdominal muscle contraction was performed 

Table 1. Normalized VMO and VL activation, and the VMO/
VL ratio during STS in the APT and NPT positions

APT NPT
VMO 59.6 (± 35.2) 79.5 (± 61.6)*

Male VL 54.2 (± 27.9) 71.4 (± 43.7)*
VMO/VL ratio 1.1 (± 0.4) 1.0 (± 0.3)
VMO 49.5 (± 33.9) 61.5 (± 42.3)*

Female VL 47.7 (± 29.3) 60.7 (± 36.1)*
VMO/VL ratio 1.0 (± 0.3) 1.0 (± 0.2)

APT: anterior pelvic tilt, NPT: neutral pelvic tilt, VMO: vastus 
medialis oblique, VL: vastus lateralis
*p<0.05
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to maintain the NPT position to decrease lower spine stress. 
The NPT position showed significant knee extension acti-
vation compared to the APT position. Thus, STS exercise 
in the NPT position can improve the function of the knee 
extension without lumbar spine stress.

Generally, patellofemoral rehabilitation programs are 
conducted to maximize quadriceps femoris muscle strength 
while minimizing patellofemoral joint reaction forces and 
stress3). Exercises to strengthen the quadriceps femoris 
muscle are conducted using many methods. Traditionally, 
quad sets and knee-extension exercises have commonly 
been used. STS exercises are also used to strengthen the 
quadriceps femoris muscle26). At the time of transfer from 
the chair, the body is often in an unstable position, with the 
center of mass located posterior to the heel and outside the 
base of support27). Thus, the quadriceps femoris muscle must 
be activated to maintain knee stability and stimulate muscle 
activation during STS28).

The rational evidence for hip extensor and external rota-
tor strengthening for treatment of PFPS is that internal rota-
tion of the hip causes knee valgus deformity, patellar lateral 
shifting, and anterior knee pain9). In this study, the NPT 
position during STS limited hip movement giving proximal 
joint stability. However, the VMO/VL ratio did not improve 
during STS with the NPT position. Previous studies have re-
ported that proximal strengthening improves the functional 
score and hip joint muscle flexibility, and lessens the pain of 
the PFPS patients28). Although the proximal strengthening 
protocol does not focus on the muscles of the surrounding 
knee joint, it decreases dysfunction and pain in the knee 
joint. Therefore, proximal strengthening for PFPS treatment 
does not affect the VMO:VL ratio, but does correct the knee 
joint alignment.

This study demonstrated the effect of the pelvic tilt 
position on activation of the VMO and VL muscles during 
performance of the STS task. NPT increased the activation 
of the VMO and VL muscles. However, the VMO:VL ratio 
showed no significant between the APT and NPT position. 
This finding implies that the NPT position during STS only 
benefits quadriceps strengthening.
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