WALAILAK JOURNAL

http://wjst.wu.ac.th Health Sciences

Comparison of Muscle Activities between Two Unilateral Weight
Bearing Exercises in Patellofemoral Pain Syndrome

Nopparat CHUPEERACH, Sirikarn SOMPRASONG and
Sunee BOVONSUNTHONCHAI

Faculty of Physical Therapy, Mahidol University, Nakhon Pathom 73170, Thailand
(‘Corresponding author’s e-mail: sunee.bov@mahidol.ac.th)

Received: 28 July 2015, Revised: 19 October 2015, Accepted: 23 November 2015

Abstract

Patients with patellofemoral pain syndrome (PFPS) usually demonstrate gluteus medius (GMed),
vastus medialis oblique (VMO), and vastus lateralis (VL) muscle weakness. An investigation of the
different types of exercise needed for this population to stimulate proper muscle is required. This study
aimed to compare muscle activities of GMed, VMO, and VL during eccentric and concentric phases
between forward step up and wall single leg squat exercises in patients with PFPS. Ten females with
PFPS participated in the study. Muscle activities of GMed, VMO, and VL were recorded by
electromyography (EMG) during the forward step up, and wall single leg squat exercises. Paired #-test
was used for analysis of muscle activities between types of exercises. Muscle activities of GMed, VMO,
and VL during eccentric and concentric phases were significantly lower in the forward step up than the
wall single leg squat. Both forward step up and wall single leg squat exercises were effective in order to
activate works of GMed, VMO, and VL muscles in patients with PFPS.

Keywords: Forward step up, wall single leg squat, patellofemoral pain syndrome, electromyography

Introduction

Patellofemoral pain syndrome (PFPS) is a pain syndrome that can occur at either the anterior or
retropatella areas. This knee pain usually occurs during performing closed kinetic activities such as
descending stairs, squatting, kneeling, jumping, running, and sitting with knee flexion for a long period of
time [1,2]. Patients with PFPS frequently display muscle weakness, tightness, and mal-alignments of
patella and lower extremities [2,3]. Reduction of the muscle strength often appears in the gluteus medius
(GMed) [4] and vastus medialis oblique (VMO) [5]. A weakness of these 2 muscles leads to excessive
stress on the patellofemoral joint [2,6,7]. The function of GMed is to control the pelvis and femur during
weight bearing on a single leg and to control knee valgus alignment [2,6,8]. For the VMO, it is also a
primary dynamic stabilizer of the patella. The VMO pulls the patella medially in order to maintain it
within the femoral groove by counter acting the vastus lateralis (VL) and iliotibial band, which pull the
patella laterally [2,3]. The most crucial indispensable treatment for patients with PFPS is strengthening
exercise particularly for the GMed and VMO muscles [9]. Many studies support the strengthening of
these 2 muscles by using closed kinetic chain exercise improved function of patellofemoral joint [2,9].
Various unilateral weight bearing exercises are widely used in rehabilitation such as the forward step up,
forward step down, lateral step up, and single leg squat exercises [10,11]. For both forward step up and
wall single leg squat exercises, the main lower extremity movement is in the sagittal plane and acts as a
regular functional activity used which improves GMed muscle and knee extensor strengthening [12,13].

Ayotte et al. [12] studied the activities of 4 muscles in healthy participants during 5 unilateral
weight bearing exercises. Higher GMed and VMO muscle activities were shown during the forward step
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up and wall single leg squat exercises than unilateral mini squat, lateral step up, and retro-step up
exercises. Beutler et al. [14] found that the forward step up and single leg squat exercises effectively
strengthen quadriceps in healthy males and females. Boudreau et al. [13] demonstrated that forward step
up and single leg squat exercises can generate submaximal strengthening of GMed and rectus femoris
muscles in healthy participants. Santos et al. [10] studied muscle activations in patients with PFPS during
several step and squat exercises but no significant difference of VMO and VL muscle activities between
forward step up and single leg squat exercises was found. In normal participants, previous studies found
that both forward step up and single leg squat exercises were necessary for strengthening the GMed and
quadriceps muscles [12-14].

However, muscle function in patients with PFPS may change and response to exercise is different
from normal people. To prescribe proper therapeutic exercise for patients with PFPS, thus, the present
study aimed to compare muscle activities in GMed, VMO, and VL between forward step up and wall
single leg squat exercises in patients with PFPS. Due to the differences in body posture and center of
gravity position during perform the exercises, we hypothesized that the muscle activities were lower in
the forward step up exercise than the wall single leg squat exercise.

Materials and methods

The study design was a cross-sectional study. Voluntary participants living in Salaya and nearby
areas were included in the study following the inclusion and exclusion criteria; females with an age range
between 18 - 40 years, had symptomatic pain in the patella region (anterior, retro, or around patella), had
pain scale 1 to 4 from the visual analogue scale during or after performed activities (squatting, descending
and ascending stair, kneeling, prolong sitting with knee flexion, running, or jumping), had symptoms for
longer than 2 months from the onset, reported knee pain at patella region during or after performing
functional activities at least 2 activities associated with PFPS (e.g., squatting, stair climbing, kneeling,
prolonged sitting, and isometric quadriceps muscle contraction), a positive sign from the patellofemoral
grinding test (Clarke’s sign), and peripatella soft tissue or patella facet were palpable pain. They were
excluded from the study if they had any recent acute inflammation, trauma of the lower extremity, back
and lower limb surgery, fracture, patella dislocation or subluxation, vestibular disorder, cardiovascular
disease, leg length discrepancy over 3 cm, genu recurvatum, severe genu varum, severe genu valgum,
osteoarthritis of knee, body mass index over 23.4 kg/m’, menstruation period, pregnancy, and visual
disturbances that cannot be adjusted by contact lenses or glasses. The ethical issue was approved by the
Mahidol University Review Board, Thailand (MU-IRB 2014/010.1601). Participants signed informed
consents before they were included in the study.

Ten females with PFPS participated in the study. The average age, weight, and height were
27.1145.76 years, 49.70+6.41 kg, and 1.59+0.05 m. One person had a dominant left leg with the
remaining nine people a dominant right leg. Data were collected on the symptomatic side which was on
the left for eight people and on the right for two people.

Data collection

Before testing, participants were asked to warm up for 10 min on a stationary bicycle. Speed and
load of bicycling were defined by the participants individually. After warm up, Silver-Silver Chloride
surface EMG electrodes (Ambu Blue Sensor, Ambu A/S Inc., Denmark) were placed on GMed, VMO,
and VL muscles [15,16] The skin of each electrode site was shaved, abraded, and cleaned before the
electrodes were placed. The inter-distance between the 2 electrodes was 20 mm and skin impedance was
lower than 10 kQ. Muscle activities were collected at a sampling frequency of 1500 Hz, band pass
filtering 20 - 500 Hz, gain was 500, and the common-mode rejection ratio was more than 100 dB.
(TeleMyo DTS Telemetry, NORAXON Inc., USA) [17,18]. After that, the maximum voluntary isometric
contraction (MVIC) of the GMed, VMO, and VL muscles were tested. For GMed muscle testing, the
participants lay on their non-evaluated side. Straps were fixed at the pelvis and at 2.5 cm above the knee
joint for resisting hip abduction with extension. For the VMO and VL testing, participants sat on an
evaluation chair, bent their knees at 90° and crossed their arms at the chest. Straps were tightly fixed at
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the pelvis and at 2.5 cm above medial malleolus for resisting knee extension [17]. They were given verbal
commands (Ready! Prepare! Go! Go! Go! Relax) during the MVIC test. The MVIC of each muscle was
collected in 3 trials. Each trial was held for 3 s with a rest for 1 min between trials. A 2 min break
between muscle tests was allowed. Mean value MVIC at the middle part of isometric test for 1.5 s were
averaged from the 3 test trials. For the patients who had bilateral PFPS symptoms, they were tested on the
knee that had less pain only.

After MVIC testing, the exercise procedures were explained to the participants by watching a
demonstration video. They were allowed to practice for 5 repetitions of each exercise and to rest for 2 min
after practicing. The types of exercises were randomly assigned to the participants. Both forward step up
and wall single leg squat exercises were performed by participants in 3 trials. Each trial of exercise was
performed 3 times continuously. Then, rests for 1 min between trials and 2 min between exercises were
allowed. For the forward step up exercise, participants stood on a wooden step, size 40x40x15 cm. They
were asked to bring the non-evaluated leg backwards with the placed foot on the floor, then, bring the
non-evaluated leg back to the wooden step. The distance between forward and backward movements in
the forward step up was set at 30 cm [12] (Figure 1).

Starting position Eccentric phase Concentric phase

Figure 1 The forward step up exercise.

For the wall single leg squat exercise, participants stood on floor at the designated line, which was
30 cm away from the wall and were asked to place their back and arms on the wall as illustrated in Figure
2. They held the non-evaluated leg up during the test and squatted on the evaluated leg until the middle
finger touched the marker (marker was set at 15 cm from starting position), and returned to the upward
position. The speed of 2 exercises were controlled by a metronome which was set at 40 beats/min (1.5 s
for up and 1.5 s for down). During the exercises, participants corrected their body alignments by looking
at the mirror which was placed in front of them [12].
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Starting position Eccentric phase Concentric phase

Figure 2 The wall single leg squat exercise.

Data reduction and processing

In order to reduce acceleration and deceleration periods, muscle activities were collected from the
2" repetition for each trial of the forward step up and wall single leg squat exercises. Eccentric and
concentric phases of exercises were analyzed. The phases were marked by video and muscle activities.
Muscle activities of concentric and eccentric phases were selected for 1.5 s from the marked point,
corresponding to the rhythm setting for the exercise (Figure 3). Muscle activities of the 2n repetition
from 3 trials were averaged for each exercise [12]. Muscle activities were full wave rectification,
smoothing by root mean square with a window of 50 ms, and normalized to % MVIC by using Noraxon
software (MyoResearch XP master).

Statistical analysis

Data were analyzed by SPSS version 18.0 (S/N 5082368 NY, US). The Shapiro-Wilks Test was
used for testing normality and demonstrated normal distribution. A pair #-test was used for analyzing
muscle activities of GMed, VMO, and VL during eccentric and concentric phases between forward step
up and wall single leg squat exercises. Statistically significant difference was set at p < 0.05.
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Figure 3 Representative muscle activities in gluteus medius (GMed), vastus medialis oblique (VMO),
and vastus lateralis (VL) muscle of 1 trial of a single participant during eccentric (Ecc) and concentric
(Con) phases between forward step up (A) and wall single leg squat (B) exercises in patients with PFPS.

Results and discussion

All muscle activities (GMed, VMO, and VL) during the forward step up exercise were significantly
lower than during the wall single leg squat exercise in both eccentric (GMed was p = 0.001, VMO was p
< 0.001, and VL was p < 0.001) and concentric phases (GMed was p = 0.008, VMO was p = 0.007, and
VL was p = 0.001). Muscle activities of GMed, VMO, and VL muscles during the eccentric and
concentric phases between the forward step up and wall single leg squat exercises in patients with PFPS
are shown in Figure 4.

GMed muscle activities at the eccentric phase during the forward step up and wall single leg squat
exercises were 15.34+6.36 and 24.62+11.04 % MVIC, respectively. VMO muscle activities at the
eccentric phase during the forward step up and wall single leg squat exercises were 24.4849.55 and
54.62416.12 % MVIC, respectively. VL muscle activities at the eccentric phase during the forward step
up and wall single leg squat exercises were 23.89+6.68 and 46.97£10.10 % MVIC, respectively.

GMed muscle activities at the concentric phase during the forward step up and wall single leg squat
exercises were 21.7919.47 and 31.71£14.86 % MVIC, respectively. VMO muscle activities at the
concentric phase during the forward step up and wall single leg squat exercises were 48.35£9.30 and
65.974+22.74 % MVIC, respectively. VL muscle activities at the concentric phase during the forward step
up and wall single leg squat exercises were 42.72+10.39 and 60.09+13.42 % MVIC, respectively.

Previous studies reported that patients with PFPS demonstrated weakness of GMed, VMO, and VL
[2,4,5,19]. Muscular weakness was the most important factor related to alterations of muscle functions
and mal-alignments of lower limbs [6]. Forward step up and wall single leg squat exercises have been
proposed for use in exercise protocols for improving the GMed, VMO, and VL muscles in healthy
participants [12,14]. Thus, muscle activities of GMed, VMO, and VL between the forward step up and
wall single leg squat exercises in patients with PFPS were compared in this study.

Similar to previous studies [10,12,20,21], lower muscle activities of the GMed, VMO, and VL were
demonstrated in the forward step up exercise than the wall single leg squat exercise. Ayotte et al. [12]
studied the muscle activities during the forward step up, wall single leg squat, mini squat, lateral step up,
and retro-step up in healthy participants. They found that there were lower muscle activities of the GMed
and VMO in the forward step up exercise than the wall single leg squat exercise, but no significant
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difference was found. Dwyer et al. [20], analyzed EMG in each phase of muscle contraction. They found
lower muscle activities of GMed in the forward step up than the single leg squat in both eccentric and
concentric phases but no significant difference was found. Another study from Lubahn et al. [21] which
compared GMed and gluteus maximus activities during double leg squat, forward step up, and single leg
squat in healthy female participants. Results demonstrated significant differences of muscle activities
between the 3 types of exercise (p < 0.01). As mentioned above, several works have studied healthy
participants. Only one research was performed in patients with PFPS by Santos et al. [10]. They
compared muscle activity of the VMO, vastus lateralis longus, and vastus lateralis oblique during
functional activities. Lower activities of the muscles were found during forward step up than single leg
squat, but there was no statistical significance.

Muscle activity during eccentric phase

100 - *p=0.001 #p<0.001 *p<0.001
g0 [ 1 I 1 r 1
@]
FSU WSS FSU WSS FSU WSS
GMed VMO VL
A Muscles
Muscle activity during concentric phase
*p=0.007 *p=0.008 *p=0.001
W e . roo

% MVIC

FSU WSS FSU WSS FSU WSS
GMed VMO VL
B Muscles

Figure 4 Means + SD of muscle activities (% MVIC) of gluteus medius (GMed), vastus medialis oblique
(VMO), and vastus lateralis (VL) during eccentric (A) and concentric (B) phases between forward step up
(FSU) and wall single leg squat (WSS) exercises in patients with PFPS.

*Paired -test, p < 0.05
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Due to contradictory results from previous studies [4,14], the discussion related to those findings
should be done. Quadriceps activity was analyzed during the forward step up and single leg squat at
different degrees of knee flexion (30° 60°, 90°) by Beutler et al. 2002 [14]. For the eccentric phase, more
quadriceps activity was shown in the forward step up when analyzed at 30°. However, the results found
that quadriceps activity at 60° knee flexion was not different. On the other hand, lower quadriceps activity
was shown in the forward step up when analyzed at 90°. For the concentric phase, quadriceps activity was
not different when compared between the forward step up and single leg squat in all degrees of knee
flexion. However, in this previous study, step height for the forward step up was set for the tibial plateau
but the descent level for single leg squat was not indicated. These different techniques of analysis, may be
the reason for the inconsistent results. The present study used a step height at 15 cm and descent level at
15 cm. Therefore, participants in the study performed both exercises in the functional range (about 45
degrees).

Bolgla ef al. [4] assessed vastus medialis muscle activity during various exercises. Muscle activity
was analyzed during concentric phase for the forward step up and during the isometric phase when the
knee was flexed at 30° for the single leg squat. As mentioned above, different findings of muscle
activities level during forward step up and wall single leg squat in the present study possibly caused by
the different methods, populations, and data analyses.

Conclusions

The forward step up and wall single leg squat exercises were effective to activate the GMed, VMO,
and VL muscle activities in patients with PFPS. Lower activities of GMed, VMO, and VL were found
during the forward step up exercise when compared to the wall single leg squat exercise.

The findings provide knowledge about the appropriate selection of exercise types in individuals
with PFPS. From this finding, females with PFPS having mild knee pain could perform the forward step
up exercise in the first step of the rehabilitation program because the forward step up exercise requires
less muscle recruitment than the wall single leg squat exercise. For the progression phase, we suggest
performing wall single leg squat exercises when patients are familiar with the forward step up exercise or
symptoms get better because this exercise challenges the strength of the GMed, VMO, and VL muscles.

The present study may be limited by generalizability to the other types of knee pain and gender
because we only studied females who have PFPS. Further study should investigate different types of knee
pain, types of exercise, and gender for proper exercise selection in the wider population.

Acknowledgements

This study was partially supported by the Faculty of Physical Therapy, Mahidol University and
Thammasat University. We would like to thank all members of the Faculty of Physical Therapy, Mahidol
University for their assistance and the patients with PFPS for their participation in the study. Our
thankfulness should go to Miss Poramapornpilas for her proof reading.

References

[1] S Dixit, JP DiFiori, M Burton and B Mines. Management of patellofemoral pain syndrome. 4Am.
Fam. Physician 2007, 75, 194-202.

[2] F Halabchi, R Mazaheri and T Seif-Barghi. Patellofemoral pain syndrome and modifiable intrinsic
risk factors; How to assess and address? Asian. J. Sports Med. 2013; 4, 85-100.

[3] GR Waryasz and AY McDermott. Patellofemoral pain syndrome (PFPS): A systematic review of
anatomy and potential risk factors. Dyn. Med. 2008; 7, 9.

[4] LA Bolgla, SW Shaffer and TR Malone. Vastus medialis activation during knee extension
exercises: Evidence for exercise prescription. J. Sport. Rehabil. 2008; 17, 1-10.

[5] NE Lankhorst, SM Bierma-Zeinstra and M van Middelkoop. Risk factors for patellofemoral pain
syndrome: A Systematic review. J. Orthop. Sports Phys. Ther. 2012; 42, 81-94.

Walailak J Sci & Tech 2016; 13(4) 249



Muscle Activity in Patellofemoral Pain Syndrome Nopparat CHUPEERACH et al.

http://wjst.wu.ac.th

(6]
(7]
(8]
[9]

[10]

[11]

[12]

[16]
[17]
[18]
[19]

[20]

(21]

CM Powers. The influence of altered lower-extremity kinematics on patellofemoral joint
dysfunction: A theoretical perspective. J. Orthop. Sports Phys. Ther. 2003; 33, 639-46.

TQ Lee, G Morris and RP Csintalan. The influence of tibial and femoral rotation on patellofemoral
contact area and pressure. J. Orthop. Sports Phys. Ther. 2003; 33, 686-93.

CM Powers. The influence of abnormal hip mechanics on knee injury: A biomechanical
perspective. J. Orthop. Sports Phys. Ther. 2010; 40, 42-51.

TH Nakagawa, TB Muniz, MB Rde, CD Maciel, RBM Reiff and FV Serrao. The effect of
additional strengthening of hip abductor and lateral rotator muscles in patellofemoral pain
syndrome: A randomized controlled pilot study. Clin. Rehabil. 2008; 22, 1051-60.

EP Santos, SNF Bessa, CAA Lins, AMF Marinho, KMP Silva and JS Brasileiro. Electromyographic
activity of vastus medialis obliquus and vastus lateralis muscles during functional activities in
subjects with patellofemoral pain syndrome. Rev. Bras. Fisioter 2008; 12, 304-10.

SF Tang, CK Chen, R Hsu, SW Chou, WH Hong and HL. Lew. Vastus medialis obliquus and vastus
lateralis activity in open and closed kinetic chain exercises in patients with patellofemoral pain
syndrome: An electromyographic study. Arch. Phys. Med. Rehabil. 2001; 82, 1441-5.

NW Ayotte, DM Stetts, G Keenan and EH Greenway. Electromyographical analysis of selected
lower extremity muscles during 5 unilateral weight-bearing exercises. J. Orthop. Sports Phys. Ther.
2007; 37, 48-55.

SN Boudreau, MK Dwyer, CG Mattacola, C Lattermann, TL Uhl and JM McKeon. Hip-muscle
activation during the lunge, single-leg squat, and step-up-and-over exercises. J. Sport Rehabil. 2009;
18, 91-103.

Al Beutler, LW Cooper, DT Kirkendall and WE Garrett. Electromyographic analysis of single-leg,
closed chain exercises: Implications for rehabilitation after anterior cruciate ligament reconstruction.
J. Athl. Train. 2002; 37, 13-8.

SM Cowan, KL Bennell and PW Hodges. The test-retest reliability of the onset of concentric and
eccentric vastus medialis obliquus and vastus lateralis electromyographic activity in a stair stepping
task. Phys. Ther. Sport 2000; 1, 129-36.

Cram JR Kasman GS, Holtz J. Introduction to Surface Electromyography. Vol 1. Aspen Publishers,
Gaithersburg MD, 1998, p. 352-4.

The ABC of EMG: A Practical Introduction to Kinesiological Electromyography, Available at:
http://www.noraxon.com, accessed January 2015.

The Telemyo Direct Transmission System, Available at: http://www.noraxon.com/products/emg-
electromyography/telemyo-dts/, accessed January 2015.

KJ Mohr, RS Kvitne, MM Pink, B Fideler and J Perry. Electromyography of the quadriceps in
patellofemoral pain with patellar subluxation. Clin. Orthop. Relat. Res. 2003; 415, 261-71.

MK Dwyer, SN Boudreau, CG Mattacola, TL Uhl and C Lattermann. Comparison of lower
extremity kinematics and hip muscle activation during rehabilitation tasks between sexes. J. Athl.
Train 2010; 45, 181-90.

AJ Lubahn, TW Kernozek, TL Tyson, KW Merkitch, P Reutemann and JM Chestnut. Hip muscle
activation and knee frontal plane motion during weight bearing therapeutic exercises. /nt. J. Sports
Phys. Ther. 2011; 6, 92-103.

250

Walailak J Sci & Tech 2016; 13(4)



