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ALTERATION OF QUADRICEPS MUSCLE ACTIVITY DURING

FUNCTIONAL STEP TASKS AFTER EXTENDED SITTING SESSION

INTRODUCTION

The quadriceps muscle plays an important role in the working of the lower limb in
daily activities, such as walking, stair climbing, and running. The quadriceps muscles
group comprises the vastus lateralis (VL), vastus medialis (VM), vastus intermedius, and
rectus femoris (RF) muscles and mainly controls knee flexion or extension and patellar
movements [1]. Functional impairment of the quadriceps muscle is a potential
contributing factor to knee pain [2]. Patellofemoral pain syndrome (PFPS) is a common
source of knee pain among young adult women [3] which presents as VM muscle
weakness and delayed muscle activity onset. VM and VL muscles directly attach to the
patella, where VM muscle is thought to be the patella’s primary active medial stabilizer,
however, it is frequently overpowered by lateral forces such as the VL muscle [4,5].
Therefore, an imbalance between VM and VL may cause mal-patellar tracking [6].
Stefanik et al. found PFPS was only present with lateral patellofemoral joint damage, and

this structural damage was associated with recurrent pain in PFPS [7].

Individuals with PFPS commonly report knee pain during activities involving knee
flexion or extensions, such as prolonged sitting, squatting, and stair climbing [8]. This
may be due to high degrees of hip and knee flexion during prolonged sitting, which causes
compressive loading at the patellofemoral joint [8,9]. One muscle activation strategy to
reduce patellofemoral compression is to increase VL muscle activity [10]. Compared with

healthy individuals, individuals with PFPS may demonstrate reduced compressive force
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of the patellofemoral joint during stair ambulation [11]. During stair ascent and descent,
people with PFPS had lower knee extension moments, quadriceps forces, and
patellofemoral joint reaction force than healthy controls [12,13]. Moreover, Wilson et al
showed gluteus muscle activity increased in female with PFPS during stair ambulation

[14].

Prolonged sitting with high knee flexion is a common activity of daily living and
is performed in various postures and knee flexion positions, which may affect
patellofemoral joint compression and quadriceps muscle length [15]. Cross-legged sitting
is the most common sitting position on the ground [16]. Immediate reductions in
quadriceps muscle force and EMG activity are commonly observed after static stretching
[17], which greatly affects patellar movement [18] and dynamic stability during stair
ambulation [19], during which patellofemoral joint forces reach 3.3 times the force of an
individual’s body weight [20]. Prolonged sitting with high knee flexion may therefore
contribute to the development of PFPS. Sitting with high knee flexion and deep squats
can facilitate knee pain and, therefore, should be avoided in an individual’s daily routine.
Exploring the activation of quadriceps muscles following prolonged sitting with high
knee flexion is interesting, as it may help to explain the mechanism of changes in the VM

and VL muscles after sitting, as a result of which, PFPS may develop.

Several studies have evaluated the onset time, muscle activity duration, and
quadriceps contraction ratio to determine dynamic stability during stair ambulation
[10,19,21]. However, only few studies have elucidated the mechanism underlying the
effect of prolonged sitting on the quadriceps muscle in a healthy population. Therefore,
the present study aimed to investigate quadriceps activity during performing challenge

task which was step-up and -down tests after prolonged periods of sitting in various
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positions: cross-legged sitting, side-sitting, and sitting on a chair without back support.
The findings of the present study could be implied in similar activities, such as stair
ambulation and squatting which require high knee flexion with weight bearing. This
would guide clinicians on how the quadriceps muscle changes after prolonged sitting and
can help develop preventive strategies for knee pain. Therefore, improving one’s
understanding regarding the effect of prolonged sitting in different positions on the EMG

activity of the quadriceps muscle during stair ambulation is important.

MATERIALS AND METHODS

Participants

Thirty healthy females voluntarily participated in the present study and were
randomly allocated into three groups: cross-legged sitting (n=10), side-sitting (n=10), and
sitting on a chair (n=10) (Figure 1). Side and cross-legged sitting are common postures
on the floor in daily living, while a high knee flexion posture is sustained. Sitting on a
chair without back support is a common activity that causes knee flexion of approximately
90°, which was used for the control group in this study. The participants were aged 18-
24 years old, had no knee pain, and had no histories of severe injury or surgery in their
lower extremities. All participants were right leg dominant, which was determined by
asking them which leg they would use to kick a ball for a long distance?’ [22]. Participants
were excluded if they had flat feet, leg length discrepancies >2 cm [23], and Q-angles
>20° [24]. The researcher explained the study protocol to all study participants, after

which they signed a consent form. The study protocol was conducted according to the
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declaration of Helsinki and was approved by the XXX University Central Institutional

Review Board (COA 2017/XXX.XXXX).

Quadriceps muscle activity was assessed during step-up and step-down tasks,
which included the RF, VM, and VL of the dominant side. Surface EMG was conducted
using Trigno Avanti Delsys wireless sensors (Delsys Inc., USA) with a 2,000 Hz
sampling rate. Before EMG sensors were placed, the skin was shaved and cleaned with

alcohol to reduce skin impedance. Electrode placement was determined based on the

European Recommendation for Surface Electromyography guidelines [25].

Figure 1. Prolonged sitting position. A, cross-legged sitting; B, side-sitting; C, sitting on

a chair

Procedures

Participants were asked to perform three tests, which comprised stepping up and
down randomly from a 20 cm-high box with the dominant leg. This height was selected

based on the standard height of a stair step. Resting between step trials and step sessions
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was allowed for 30 and 60 s, respectively, to prevent muscle fatigue. EMG data were

recorded from three trials as baseline data.

Participants were asked to sit and maintain lower limb postures according to the
assigned posture for 15 min without any hand support. In conditions of side-sitting and
cross-legged sitting, all participants were asked to sit with the right-leg on top (Figure 1).
Playing cell phone was allowed during 15 min test to avoid hand support. After 15 min
of sitting, participants were examined immediately to collect EMG data during the step-

up and -down tasks after prolonged sitting.

Maximum voluntary isometric contraction (MVIC) was assessed and used to
normalize EMG data for comparing between the sitting groups. Participants were asked
to perform maximum quadriceps isometric contraction tests at 60° knee flexion [26] using
a Biodex machine (Biodex Inc., USA). The average EMG in the present study was

presented in terms of MVIC (%MVIC) [27,28].

Data acquisition

All EMG data analyses were performed using Delsys EMGworks® software
(Delsys Inc., USA). Raw EMG signals from VM, VL, and RF muscles were filtered at
20-450 Hz using a second-order band-pass Butterworth filter, after which full-wave

rectification was performed [29].

During the step-up and step-down tasks, an average of 100 ms of EMG amplitude
of each muscle was selected from 50 ms before and after the peak value time event (Figure
2). The average EMG during step-up and step-down tasks was reported as %MVIC.
Muscle activity of the VM, VL, and RF muscles was compared before and after prolonged

sitting and within the sitting groups and compared among the three types of postures.
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133 Figure 1. An example of EMG selectlon before 50 ms and after 50 ms to peak EMG

134  amplitude during step-up task

135

136  Statistical analysis

137 Participant characteristics (age, height, weight, and Q angle) are reported in
138  Table.1. EMG data with non-normal distribution were assessed using the Shapiro-Wilk
139  test and Kruskal-Wallis analysis of variance was used to analyze differences in muscle
140  activity among the prolonged sitting group. If statistically significant values were
141  observed, the least significant difference method was used with the significance level set
142  at p<0.05. Furthermore, the Wilcoxon signed-rank test was used to compare muscle
143  activity before and after prolonged sitting within each group. All analyses were performed

144  using SPSS for Windows, version 23 (New York, NY, USA).

145

146 RESULTS
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Thirty participants were female and right leg dominant, and their age, weight,
height, and Q angle are presented in Table 1. The participants’ characteristics did not
differ significantly between the sitting groups. The postures used during prolonged sitting
significantly affected the %MVIC of the VL (p=0.02) and VM (p=0.02), but not the RF
(p=0.32) during the step-up task. In contrast, postures used during prolonged sitting did
not significantly affect VL (p=0.45), RF (p=0.10), or VM activity (p=0.93) during the
step-down task (Table 2). Furthermore, the cross-legged sitting position significantly
affected VM (p=0.01) activity during the step-down task. However, other prolonged
sitting positions did not significantly affect the activity of all the quadriceps muscles

(Table 2).

Table 1. Characteristics of participants in three groups classified according to sitting

styles (mean (SD))

Cross-legged  gige sitting  Sitting on chair

Characteristics (srllt:tllnog) (n=10) (n=10) p-value
Age (years) 21.3(1.8) 22.8 (1.4) 21.5(2.0) 0.31
Weight (kg) 52.1 (4.3) 51.3 (5.1) 54.2 (4.0) 0.31
Height (m) 1.5 (0.04) 1.6 (0.05) 1.5 (0.04) 0.7

Q-Angle (degree)  18.2 (2.16) 18.2 (1.49) 17.6 (1.40) 0.43

SD: standard deviation



160  Table 2. Comparison of muscle activity (%MVIC) during step tests pre- and post-prolonged sitting sessions in various postures

Cross-legged sitting Side-sitting Sitting on a chair
pre-sitting post-sitting | P- pre-sitting post-sitting | P- pre-sitting post-sitting | P-
Muscl
Task Mea valu | Mea Mea valu | Mea Mea valu
e Mean | Media Media Media Media Media Media
n e n n e n n e
(SD) n n n n n n
(SD) (SD) (SD) (SD) (SD)
121. 113. 121.
67.7 69.4
111.3 7 7 0
VL 102.5 117.0 | 0.16 101.9 129.1 | 0.89 | (11.3| 655 |(12.4| 68.8 | 0.67
(44.8) (46.9 (47.7 (49.4
Step ) )
) ) )
-up
80.6 74,6 87.1 56.3 56.0
67.9
RF 59.0 | (45.3 | 64.1 | 0.16 | (30.2| 79.3 | (358 | 970 |0.06 | (19.8| 51.7 |(26.5| 49.2 | 0.78
(33.0)
) ) ) ) )
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162
163

128. 119. 146.
94.0 91.0
115.8 1 3 0
VM 102.2 115.8 | 0.32 124.5 1151 | 048 | (429 | 799 |(33.6| 78.2 | 0.78
(66.0) (71.4 (49.1 (90.2
) )
) ) )
82.5 70.6 68.3 42.0 37.3
78.8
VL 776 |(23.3| 860 | 048 | (26.2| 695 | (216 | 768 |0.89 | (114 | 39.2 | (10.7| 38.1 | 0.89
(27.8)
) ) ) ) )
Step
63.0 58.2 47.6 48.7
- 30.9 28.3
RF (2251 | 608 | (173 | 59.6 | 0.40 | (224 | 39.7 | (223 | 414 | 0.40 28.9 27.0 | 0.67
dow (9.2 (8.4)
) ) ) )
n
88.1 89.3 79.5 49.5 44.6
75.4 0.01
VM 80.5 | (28.1| 89.7 (41.3| 76.0 | (358 | 798 | 0.26 | (22.7 | 46.7 | (17.0| 43.1 | 0.40
(23.4) *
) ) ) ) )

* Significant difference: p<0.05
SD, standard deviation; VL, vastus lateralis; RF, rectus femoris; VM, vastus medialis

10
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Table 3. Comparison of muscle activity changes (%MVIC) during step tests after extended sitting sessions among three groups

Cross-legged sitting Side-sitting Sitting on a chair
Task Muscle P-value
mean (SD) median mean (SD) median mean (SD) median

VL 9.2 (22.3)? 14.8 -5.8 (24.5) -3.4 1.3(7.6) 0.4 0.02*

Step-up RF 11.3(21.7) 9.4 0.8 (16.7) 1.0 -0,3 (10.3) 1.6 0.32
VM 10.9 (26.0)? 12.2 -7.8(19.3) -85 -2.4 (11.6) 0.7 0.02*

VL 3.3(18.2) 75 1.3(16.2) 0.5 -3.6 (15.5) 0.7 0.45

Step-down RF -4.2 (14.3) 1.7 -0.3(11.2) 2.1 -2.0 (8.9) -0.9 0.10

VM 11.2 (13.3) 7.3 -2.3(11.5) 2.6 -3.8(24.8) 3.1 0.93

* Significant difference: p<0.05

2 Significant difference compared with the ‘sitting on chair’ group
SD, standard deviation; VL, vastus lateralis; RF, rectus femoris; VM, vastus medialis

11
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Cross-legged sitting tended to increase muscle activity of all the quadriceps
muscles during the step-up task, whereas VL and VM activity decreased slightly after
participants sat in the side-sitting posture, and sitting on the chair did not affect the muscle
activity of the quadriceps (Figure 3). However, VL, RF, and VM muscle activity did not
differ significantly during the step-up task after prolonged sitting in various positions

(Table 3).

12



Average RF muscle activity
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Average VL muscle activity
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175  FEigure 3. Comparison of muscle activity pre and post prolonged sitting during step-up

176  and stepd-down tasks
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DISCUSSION

Prolonged sitting is a common activity of daily life and is performed in various
postures with different knee flexion positions that could affect quadriceps muscle
function [15]. Cross-legged sitting is the most common sitting position on the ground,
especially in Asian countries [16,30]. Therefore, this study evaluated the activity of the
quadriceps muscle using EMG after a prolonged period of sitting in various positions
(cross-legged sitting, side-sitting, and sitting on a chair without back support). The study
findings showed that the EMG activity of the VM muscles increased significantly
(p=0.01) during the step-down test after prolonged sitting in the cross-legged sitting group
(Table 2). Differences in sitting positions between the groups significantly influenced
(p=0.02) the VL and VM activity during the step-up test. A significant difference was
noted in the pairwise comparison between the ‘cross-legged sitting’ and ‘sitting on a

chair’ groups (Table 3).

No significant differences were noted in participants’ characteristics between the
three groups (Table 1). After 15 min of prolonged sitting, muscle activation in the cross-
legged sitting and side-sitting groups demonstrated an increasing trend of VM, VL, and
RF activity during the step-up test compared with that noted in the ‘sitting on a chair’
group. Muscle control of VM, VL, and RF appears to be similar during the step-up test
before and after prolonged sitting on a chair. During the step-down task, significantly
higher activation of the VM muscle was noted in the ‘cross-legged sitting’ group (Figure
3). Different muscle functions could be attributed to differences in knee flexion and tibial
rotation between the groups. A previous study demonstrated that immediate reductions in
the quadriceps muscle force and EMG activity were observed after static stretching [17].

In contrast, the VM and VL in the present study exhibited an increased EMG activity.

14
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Differences in time, hip posture, and tibial rotation may have caused variations in tissue
structure lengthening between the present and previous studies [17,18]. The VL exhibits
greater muscle activity than the VM during isometric knee extension with medial tibial
rotation [31]. Cross-legged sitting required high knee flexion and femur- and tibial
rotation. However, no significant differences were noted in VL, RF, and VM muscle
activity during the step-up task. The results of the present study indicate that VM muscle
activity significantly increases during the step-down task. Increased muscle activity is
associated with increased joint stiffness during eccentric contraction to reduce
patellofemoral pressure [32]. This suggests that some changes in quadriceps muscle
activation strategies occur during the step-down task after prolonged sitting. Moreover,
reduced VL muscle activity indicates reduced control over the patellofemoral joint, which
is associated with medial-lateral misalignment and frontal plane deviation [33]. However,
this difference was not significant in the present study. A possible explanation for the
significant difference between ascending and descending step was the characteristics of
quadriceps muscle contraction. Quadriceps contracts concentrically and eccentrically
during step-up and step down respectively. Pincivero et al [34] demonstrated increasing
quadriceps muscle EMG in concentric phase, and decrease in eccentric during dynamic
leg press exercise. Moreover, the %MV IC of the concentric phase is higher than eccentric

during step task [35].

Different sitting postures significantly affected changes in VM and VL activation
during the step-up task. A significant increase in VM and VL activation was observed in
the cross-legged sitting group compared with that in the ‘sitting on a chair’ group.

Differing degrees of knee flexion in a prolonged sitting position can affect muscle length

15
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tension of the quadriceps muscles [8]. Mechanical factors affecting the muscle length
tension relationship may reduce the contractile capacity of the muscle to produce force
and affect motor unit recruitment [17]. Increasing the number of active motor units might
be another response to perform the same task effectively after prolonged sitting.
Prolonged sitting with different knee flexion magnitudes and femur rotations may also
affect the VM and VL muscles, as shown in the present study. Rotations of the tibia and
femur knee flexion position can affect the VL and VM [21]. Knee flexion with internal
rotation of the femur was observed during side-sitting, whereas higher knee flexion with

external rotation of the femur was noted during cross-legged sitting.

The present study demonstrated that 15 min of sitting in the cross- and side-sitting
positions affected VL and VM control during step tests. Increased VM and VL activation
possibly controls the patellofemoral joint. Therefore, the VM and VL muscles may
become more easily fatigued when performing many step tasks or squatting exercises
after prolonged cross-legged sitting, which might contribute to the development of PFPS.
Therefore, individuals with knee pain should avoid cross-legged sitting. However,
implications should be interpreted carefully because of the time of prolonged sitting.
Individuals with PFPS should be recruited in future studies to better understand the

mechanism of the role of prolonged sitting in various postures in PFPS.

Conclusions

VM and VL activity changes in healthy young women during step tasks after
prolonged cross- and side-sitting. The VMs during descending controls exhibited a
significantly increased activity after extended time periods of cross-legged sitting. The

change in VM and VL activity after cross-legged sitting increased significantly during

16
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the step-up task compared with that observed after sitting on chairs for extended time

periods. Increased VM and VL activation may control the patellofemoral joint. The VM

and VL muscles may therefore fatigue more easily when performing many step tasks or

squatting exercises after prolonged cross-legged sitting, which might contribute to the

development of PFPS.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

M. Freddolini, G. Placella, G.L. Gervasi, S. Morello, G. Cerulli, Quadriceps muscles
activity during gait: comparison between PFPS subjects and healthy control,
Musculoskelet. Surg. 101 (2017) 181-187. https://doi.org/10.1007/s12306-017-
0469-9.

A.H. Alnahdi, J.A. Zeni, L. Snyder-Mackler, Muscle impairments in patients with
knee osteoarthritis, Sports Health. 4 (2012) 284-292.
https://doi.org/10.1177/1941738112445726.

R. Thomeé, P. Renstrom, J. Karlsson, G. Grimby, Patellofemoral pain syndrome in
young women. |. A clinical analysis of alignment, pain parameters, common
symptoms and functional activity level, Scand. J. Med. Sci. Sports. 5 (1995) 237—
244.

F. Halabchi, R. Mazaheri, T. Seif-Barghi, Patellofemoral pain syndrome and
modifiable intrinsic risk factors; how to assess and address?, Asian J. Sports Med. 4
(2013) 85-100. https://doi.org/10.5812/asjsm.34488.

L. Cavazzuti, A. Merlo, F. Orlandi, I. Campanini, Delayed onset of
electromyographic activity of vastus medialis obliquus relative to vastus lateralis in
subjects with patellofemoral pain syndrome, Gait Posture. 32 (2010) 290-295.
https://doi.org/10.1016/j.gaitpost.2010.06.025.

S. Pal, T.F. Besier, C.E. Draper, M. Fredericson, G.E. Gold, G.S. Beaupre, S.L.
Delp, Patellar tilt correlates with vastus lateralis:vastus medialis activation ratio in
maltracking patellofemoral pain patients, J. Orthop. Res. 30 (2012) 927-933.
https://doi.org/10.1002/jor.22008.

J.J. Stefanik, K.D. Gross, A. Guermazi, D.T. Felson, F.W. Roemer, Y. Zhang, J.
Niu, N.A. Segal, C.E. Lewis, M. Nevitt, T. Neogi, The relation of MRI-detected
structural damage in the medial and lateral patellofemoral joint to knee pain: The
Multicenter and Framingham Osteoarthritis Studies, Osteoarthr. Cartil. OARS
Osteoarthr. Res. Soc. 23 (2015) 565-570.
https://doi.org/10.1016/j.joca.2014.12.023.

17



287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

[8] N.J. Collins, B. Vicenzino, R.A. van der Heijden, M. van Middelkoop, Pain During
Prolonged Sitting Is a Common Problem in Persons With Patellofemoral Pain, J.
Orthop. Sports Phys. Ther. 46 (2016) 658-663.
https://doi.org/10.2519/jospt.2016.6470.

[9] R. Duncan, G. Peat, E. Thomas, L. Wood, E. Hay, P. Croft, Does isolated
patellofemoral osteoarthritis matter?, Osteoarthritis Cartilage. 17 (2009) 1151-
1155. https://doi.org/10.1016/j.joca.2009.03.016.

[10] G.H. Mirzaie, A. Rahimi, M. Kajbafvala, F.D. Manshadi, K.K. Kalantari, A. Saidee,
Electromyographic activity of the hip and knee muscles during functional tasks in
males with and without patellofemoral pain, J. Bodyw. Mov. Ther. 23 (2019) 54—
58. https://doi.org/10.1016/j.jbmt.2018.11.001.

[11] B.G. Schwane, B.M. Goerger, S. Goto, J.T. Blackburn, A.J. Aguilar, D.A. Padua,
Trunk and Lower Extremity Kinematics During Stair Descent in Women With or
Without Patellofemoral Pain, J. Athl. Train. 50 (2015) 704-712.
https://doi.org/10.4085/1062-6050-49.3.100.

[12] L.A. Fok, A.G. Schache, K.M. Crossley, Y.-C. Lin, M.G. Pandy, Patellofemoral
Joint Loading During Stair Ambulation in People With Patellofemoral
Osteoarthritis: Joint Loading in People With Patellofemoral Arthritis, Arthritis
Rheum. 65 (2013) 2059-2069. https://doi.org/10.1002/art.38025.

[13] K. McKenzie, V. Galea, J. Wessel, M. Pierrynowski, Lower Extremity Kinematics
of Females With Patellofemoral Pain Syndrome While Stair Stepping, J. Orthop.
Sports Phys. Ther. 40 (2010) 625-632. https://doi.org/10.2519/jospt.2010.3185.

[14] J.D. Willson, T.W. Kernozek, R.L. Arndt, D.A. Reznichek, J. Scott Straker, Gluteal
muscle activation during running in females with and without patellofemoral pain
syndrome, Clin.  Biomech. Bristol Avon. 26 (2011) 735-740.
https://doi.org/10.1016/j.clinbiomech.2011.02.012.

[15] A.A. Amis, Current concepts on anatomy and biomechanics of patellar stability,
Sports Med. Arthrosc. Rev. 15 (2007) 48-56.
https://doi.org/10.1097/JSA.0b013e318053eh74.

[16] A. Nagrajan, S.A. D’Souza, Using the Newly Developed Floor-Sitting Movement
Analysis Proforma to Study the Effect of Age and Activity on Floor-Sitting in Indian
Adults, J. Cross-Cult. Gerontol. 32 (2017) 71-93. https://doi.org/10.1007/s10823-
016-9310-4.

[17] L. Rossi, R. Pereira, R. Simdo, M. Brandalize, A. Gomes, Influence of Static
Stretching Duration on Quadriceps Force Development and Eletromyographic
Activity, Hum. Mov. 11 (2010) 137-143. https://doi.org/10.2478/v10038-010-
0020-4.

[18] G.R. Waryasz, A.Y. McDermott, Patellofemoral pain syndrome (PFPS): a
systematic review of anatomy and potential risk factors, Dyn. Med. DM. 7 (2008)
9. https://doi.org/10.1186/1476-5918-7-9.

[19] N. Wyndow, K.M. Crossley, R. Stafford, B. Vicenzino, N.J. Collins, K. Tucker,
Neuromotor control during stair ambulation in individuals with patellofemoral
osteoarthritis compared to asymptomatic controls, Gait Posture. 71 (2019) 92-97.
https://doi.org/10.1016/j.gaitpost.2019.03.029.

[20] W.R. Taylor, M.O. Heller, G. Bergmann, G.N. Duda, Tibio-femoral loading during
human gait and stair climbing, J. Orthop. Res. Off. Publ. Orthop. Res. Soc. 22 (2004)
625-632. https://doi.org/10.1016/j.orthres.2003.09.003.

18



334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380

[21] M. Kumar, S. Srivastava, Electromyographic analysis of VMO and VL across
straight leg raise, short arc quad, medial tibial rotation and hip adduction in normal
individuals, Work Read. Mass. 65 (2020) 153-159. https://doi.org/10.3233/WOR-
193068.

[22] N. van Melick, B.M. Meddeler, T.J. Hoogeboom, M.W.G. Nijhuis-van der Sanden,
R.E.H. van Cingel, How to determine leg dominance: The agreement between self-
reported and observed performance in healthy adults, PloS One. 12 (2017)
e0189876. https://doi.org/10.1371/journal.pone.0189876.

[23] S. Sabharwal, A. Kumar, Methods for Assessing Leg Length Discrepancy, Clin.
Orthop. 466 (2008) 2910-2922. https://doi.org/10.1007/s11999-008-0524-9.

[24] A. Haim, M. Yaniv, S. Dekel, H. Amir, Patellofemoral pain syndrome: validity of
clinical and radiological features, Clin. Orthop. 451 (2006) 223-228.
https://doi.org/10.1097/01.b10.0000229284.45485.6c.

[25] H.J. Hermens, B. Freriks, C. Disselhorst-Klug, G. Rau, Development of
recommendations for SEMG sensors and sensor placement procedures, J.
Electromyogr. Kinesiol. Off. J. Int. Soc. Electrophysiol. Kinesiol. 10 (2000) 361
374. https://doi.org/10.1016/s1050-6411(00)00027-4.

[26] S. Shenoy, P. Mishra, J. Sandhu, Peak Torque and IEMG Activity of Quadriceps
Femoris Muscle at Three Different Knee Angles in a Collegiate Population, J. Exerc.
Sci. Fit. - J EXERC SCI FIT. 9 (2011) 40-45. https://doi.org/10.1016/S1728-
869X(11)60005-1.

[27] A. Sousa, J. Tavares, Surface electromyographic amplitude normalization methods:
A review, in: Electromyogr. New Dev. Proced. Appl., 2012: pp. 85-102.

[28] G.J. Lehman, S.M. McGill, The importance of normalization in the interpretation of
surface electromyography: a proof of principle, J. Manipulative Physiol. Ther. 22
(1999) 444-446. https://doi.org/10.1016/s0161-4754(99)70032-1.

[29] K. Sinsurin, R. Valldecabres, J. Richards, An exploration of the differences in hip
strength, gluteus medius activity, and trunk, pelvis, and lower-limb biomechanics
during different functional tasks, Int. Biomech. 7 (n.d) 35-43.
https://doi.org/10.1080/23335432.2020.1728381.

[30] S. Watanabe, A. Eguchi, K. Kobara, H. Ishida, Influence of trunk muscle co-
contraction on spinal curvature during sitting for desk work, Electromyogr. Clin.
Neurophysiol. 47 (2007) 273-278.

[31] F.V. Serréo, C.M.N. Cabral, F. Bérzin, C. Candolo, V. Monteiro-Pedro, Effect of
tibia rotation on the electromyographical activity of the vastus medialis oblique and
vastus lateralis longus muscles during isometric leg press, Phys. Ther. Sport. 1
(2005) 15-23. https://doi.org/10.1016/j.ptsp.2004.03.001.

[32] A.K. Stensdotter, H. Grip, P.W. Hodges, C. H&ger-Ross, Quadriceps activity and
movement reactions in response to unpredictable sagittal support-surface
translations in women with patellofemoral pain, J. Electromyogr. Kinesiol. Off. J.
Int. Soc. Electrophysiol. Kinesiol. 18 (2008) 298-307.
https://doi.org/10.1016/j.jelekin.2006.10.004.

[33] L.V. Slater, J.M. Hart, Muscle Activation Patterns During Different Squat
Techniques, J. Strength Cond. Res. 31 (2017) 667-676.
https://doi.org/10.1519/JSC.0000000000001323.

[34] D.M. Pincivero, V. Gandhi, M.K. Timmons, A.J. Coelho, Quadriceps femoris
electromyogram during concentric, isometric and eccentric phases of fatiguing

19



381
382
383
384
385
386
387

dynamic  knee  extensions, J.

Biomech.

https://doi.org/10.1016/j.jbiomech.2004.11.023.
[35] A. Selseth, M. Dayton, M.L. Cordova, C.D. Ingersoll, M.A. Merrick, Quadriceps
Concentric EMG Activity Is Greater than Eccentric EMG Activity during the Lateral

Step-Up Exercise, J. Sport
https://doi.org/10.1123/jsr.9.2.124.

Rehabil.

39

9

(2006)

(2000)

246-254.

124-134.

20



