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Abstract.	 [Purpose] The purpose of this study was to investigate the changes of muscle activity during squat 
motion after stretching the tensor fasciae latae muscle. [Participants and Methods] The participants comprised 19 
healthy males. The test muscles were the vastus medialis obliquus and vastus lateralis. The participants performed 
the squat motion before and after stretching the tensor fasciae latae. We measured the muscle activities and the 
onset timing of the vastus medialis obliquus relative to that of the vastus lateralis during squat motions. [Results] 
The onset timing of the vastus medialis obliquus relative to that of the vastus lateralis was decreased, and the vastus 
medialis obliquus activity and vastus medialis obliquus/vastus lateralis activity ratio were increased after stretch-
ing the tensor fasciae latae. [Conclusion] This study revealed that stretching of the tensor fasciae latae increases the 
relative vastus medialis obliquus muscle activity.
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INTRODUCTION

Preventing knee pathologies is very important in rehabilitation. One of the cause of knee pathologies is considered to 
be maltracking of the patella due to weak activity of the vastus medialis obliquus (VMO) compared to the vastus lateralis 
(VL)1, 2). The relative activation of these muscles can be measured using electromyography (EMG). VMO/VL amplitude 
ratio (VMO/VL) and onset timing of VMO relative to VL (VMO-VL) have been used as indicators of the relationship 
between these two muscles3, 4).

Closed-kinetic chain exercises, such as squat motions, are commonly recommended for preventing knee pathologies, as 
such exercises supposedly promote functional stability5), and have often been used as a variable motion in previous studies of 
VMO/VL and VMO-VL1, 6). As a method of squat motion, examination of VMO/VL according to differences in the position 
of the lower extremity has been performed1, 3). Changes in relative VMO muscle activity may also be caused by changes in 
muscle flexibility, as well as changes in position. On the other hand, the tensor fasciae latae muscle (TFL) is arrested at the 
iliotibial band, and part of the iliotibial band is arrested at the patella, so tightness of the TFL appears likely to be involved 
in lateral displacement of the patella7–9). However, whether flexibility of the TFL is involved in maltracking of the patella 
and changes in VMO/VL and VMO-VL remains uncertain. The purpose of the present study was therefore to investigate the 
influence on muscle activity of the VMO and VL during squat motion after static stretching (SS) of the TFL.
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PARTICIPANTS AND METHODS

Participants were 19 healthy males (mean  ± SD: mean age, 24.3 ± 1.3 years; mean height, 171.1 ± 5.4 cm; mean weight, 
65.3 ± 9.2 kg). Participants had no history of injury or physical functional impairment, and no current knee pain. All par-
ticipants provided informed consent before participating in the present study. All procedures followed were in accordance 
with the ethical standards of the responsible committee on human experimentation (institutional and national) and with 
the Helsinki Declaration of 1964 and later revisions. This study was approved by the research ethics committee at Hidaka 
Rehabilitation Hospital (permission number: 190201).

SS of TFL was conducted according to the method described by Umehara and Ikezoe10). Briefly, each participant was posi-
tioned supine on a bed with the trunk securely fixed by a non-elastic band. The right lower limb was chosen for measurement. 
The lower limb of the non-measured side (left side) was held in 125° of hip flexion and maximal knee flexion to maintain 
posterior pelvic tilt. For stretching positions, the hip was kept in maximal adduction and maximal extension and the knee in 
90° flexion. SS for 60 s was carried out five times in total, with a 10-s interval between stretches.

Participants performed the squat motion three times before and after SS. They stood with their arms folded lightly and feet 
spread to shoulder width (resting position). The squat motion consisted of a 3-s descent, a static contraction for 5 s (squat 
position) and finally a 3-s ascent1). After SS, squat motion were performed after a 10-second break. Angles of bilateral joints 
during the squat position were: hip joint, 80° flexion; knee joint, 80° flexion; ankle joint, 25° dorsiflexion. While the squat 
position was maintained, the measurer measured each joint angle using a goniometer and checked whether it was held at the 
prescribed angle.

Rectus femoris (RF), VMO and VL activities of the right lower extremity were measured using EMG (WEB-7000; Nihon 
Kohden, Tokyo, Japan). Electrodes for the RF were attached at the midpoint along the line from the anterior spine iliac to the 
superior border of the patella11). Electrodes for the VMO were attached 4 cm superior and 4 cm medial to the superomedial 
border of the patella at approximately 55° from the long axis of the femur. Electrodes for the VL were attached 10 cm superior 
and 6–8 cm lateral to the superior lateral border of the patella and orientated 15° from the vertical, as described previously2). 
The raw signal was amplified and band-pass filtered (15–500 Hz), digitized at 1,000 Hz, and stored for offline analysis on 
the laboratory computer.

EMG data were full-wave rectified, and each average value of three measurements was taken as a representative value. 
Muscle onset time was determined as the point at which EMG amplitude increased to >3 SD from the baseline level (resting 
position) for a minimum of 25 ms4). EMG onsets identified by computer were visually confirmed. VMO-VL was obtained 
by subtracting the VL onset time from the VMO onset time. A negative value indicates that the VMO triggered earlier than 
VL, whereas a positive value means that the VMO triggered later than the VL. The volume of muscle activity during the 
resting position and squat position for 3 s were standardized by maximal voluntary isometric contraction (MVC), and the 
calculated data were represented in the analysis as %MVC. For MVC, participants were seated with their knee flexed at 90° 
and resistance placed on the distal tibia. Verbal encouragement was given during MVC.

Statistical analyses were performed using SPSS Statistics for Windows version 22 (IBM, Tokyo, Japan). Values of the 
%MVC of the two muscles and VMO/VL before and after SS were compared by paired t-tests. VMO-VL before and after SS 
were also compared by paired t-tests. Values of p<0.05 were considered significant.

RESULTS

VMO-VL during squat motion was significantly smaller after SS than before SS (Table 1). This indicates that relative 
VMO muscle activity compared to VL may be earlier through the intervention with SS of the TFL.

VL activity in the resting position was significantly smaller after SS than before SS (Table 2). VMO activity and VMO/VL 
in the squat position were significantly larger after SS than before SS. The %MVC of VMO was augmented by approximately 
7% after SS. On the other hand, VL activity showed no significant difference before and after SS (Table 3). This indicates that 
the intervention of SS of the TFL may significantly strengthen muscle activity of VMO, but not VL.

Table 1.	 Difference in onset time (VMO-VL) during squat movements

Before SS (ms) After SS (ms)
102.64 ± 204.33 5.89 ± 197.26*

Mean  ± standard deviation.
*p<0.05.

Table 2.	 Volume of muscle with standing position

Before SS After SS
RF (%MVC) 7.08 ± 3.57 6.88 ± 3.36
VMO (%MVC) 2.72 ± 1.49 2.58 ± 1.53
VL (%MVC) 6.19 ± 3.60 5.56 ± 3.19*

Mean ± standard deviation.
*p<0.05.
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DISCUSSION

In the present study, we measured muscle activity of both VMO and VL during squat motion before and after SS of the 
TFL in healthy adult men. As a result, after SS of the TFL, it became clear that the onset timing of VMO-VL decreased; that 
is, contraction of the VMO initiated immediately after initiation of VL contraction. In addition, VMO activity and VMO/VL 
during squat position increased.

First, VMO-VL at squat motion after SS of the TFL was significantly smaller than that before SS. TFL inserts into the 
iliotibial band, and part of the iliotibial band is considered to be involved in lateral displacement of the patella because it 
inserts into the patella7–9). With regard to movement of the patella, patella is located slightly outward during knee joint 
extension, and is displaced slightly inward at the initial stage of flexion12). Lateral displacement of the patella is thus thought 
to be suppressed from the knee extension position to the initial stage of flexion after SS of TFL, and VMO activity involved 
in the inward displacement of the patella may be accelerated. In previous research involving healthy individuals, VMO-VL 
was assumed to increase in the group with knee joint pain after training when performing the same training for a fixed 
period, compared with before the training. Also, even before the start of training, the group with knee joint pain after training 
displayed significantly higher VMO-VL compared to the group without pain4). In healthy adults, accelerating relative onset 
of VMO contraction by SS of the TFL may lead to the prevention of the knee pathologies.

VL muscle activity was significantly decreased after SS of the TFL during the resting position. This result suggested that 
the TFL shows partial adhesion to the VL via the iliotibial band13), and the VL may have been extended by SS of the TFL. On 
the other hand, VMO muscle activity was significantly increased after SS of the TFL in the squat position. VMO/VL ratio was 
also significantly increased after SS of the TFL. These results suggested that SS of the TFL reduced outward traction force on 
the patella, and VMO involved in the inward traction force of the patella became more active. That is, intervention with SS 
of the TFL may lead to augmentation of muscle activity of only the VMO specifically. To increase the dynamic stability of 
the patella, the VMO is required to contract more than the VL1). The resultant stability of the patella due to muscle elongation 
of the TFL is therefore suggested to affect the augmentation of VMO muscle activity, which may also contribute to patellar 
stability.

As one limitation of this study, quantitative measurement of patellar stability during squat motion was not evaluated. In the 
future, to consider the results of this study in terms of kinematics, it needs to be elucidated through the motion of the patella 
and three-dimensional motion analysis of the lower extremity during squat motion.
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