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Abstract

Purpose The purpose of the study was to evaluate if during
a common activity as walking, altered quadriceps muscular
activity may be present in patellofemoral pain syndrome
(PFPS) patients.

Methods Forty subjects with clinically diagnosed PFPS
and forty healthy males matching in age, weight, height
and level of sport activity were enrolled in the study.
Subjects were asked to walk on an instrumented walking
path at their self-selected speed. Force platform and motion
tracking system were used for the analysis of the gait.
Wireless surface EMG probes were used to evaluate
quadriceps muscles activity. Rectus femoris, vastus medi-
alis and lateralis activity percentage, onset and offset time,
walking speed, cadence, step length, stride length, knee
ROM during gait were measured and reported. Tegner
activity questionnaire was reported.

Results Patient group showed a significant increasing in all
quadriceps muscles activity when compared to the control
(p < 0.05). In particular, for VM and VL muscle onset time
was anticipated and offset time was postponed in PFPS
group when compared with healthy group (p < 0.05). Knee
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range of motion during walking was significantly decreased
in the patient group.

Conclusions Young athletes with PFPS showed increased
length of quadriceps muscles activity and reduced func-
tional knee Rom while walking, comparing with healthy
subjects, in particular muscular onset was anticipated in
respect of the loading response event of the gait.
Nonetheless, walking parameters were not affected by
these alterations.
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Introduction

Patellofemoral pain syndrome (PFPS) is one of the most
common musculoskeletal disorders, that commonly affects
young athletes (18-35 years), especially women [1-4].

It is defined as an anterior knee or rear of patella
aspecific pain [5-7], which onset is often related to activ-
ities such as stair climbing, squatting, kneeling and pro-
longed sitting [1, 8].

Although the etiological factors of PFPS are not defined,
it has been shown that most important causes of PFPS are
abnormalities of patellofemoral biomechanics, in particular
increased Q-angle, patellar maltracking and alterations of
lower limb axis, such as excessive foot pronation and
excessive external torsion [1, 3, 9, 10].

Anatomical studies described the aponeurosis between
the tendons of vastus medialis (VM), vastus intermedius
(VD) and medial patellofemoral ligament (MPFL) [11].
Their fibers merge at the patellar insertion creating an
inseparable aponeurosis that moves the patella during the
quadriceps contractions [12, 13]. This has led to think that
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muscle functional alterations or impairments for the VM
and vastus lateralis (VL) muscles maybe related to PFPS.

Reduction in the force-production capabilities of the
VM it has been hypothesized as a possible cause of the
syndrome, in particular the VM cannot antagonize the VL,
resulting in patellar maltracking [14-16].

Difference in contraction intensity, timing and onset
activation of the quadriceps muscles, in particular VM and
VL muscles, have been proposed as possible cause of
patellar maltracking [8, 10, 17-20]. Consequently,
researchers investigated different tasks and condition
comparing EMG timing and onset of activation, mostly for
VM and VL muscles, between PFPS subjects and control.
EMG activity was evaluated during functional activities as
walking [19, 21], running [22] and stair ascent and descent
[19, 21, 23], but contrasting results were found. Moreover,
contrasting results were found also when other activities,
such as extensor muscles exercises [24-28], open [29] and
close kinetic [2, 30, 31] quadriceps exercises, reflex
response tests [20, 32] and squatting [24, 25], were
evaluated.

These contrasting results seemed to be due to the vari-
ability of subjects groups, in particular patients with dif-
ferent symptoms and condition may have been grouped
together, as highlighted by other researchers [19]. In
addition, small sample size [2, 32, 33] and difference in
onset time detection method [15, 20-22, 32-34] may have
influenced the results.

The purpose of this study is to evaluate if competitive
young male athletes with diagnosed PFPS will show
alterations in the quadriceps muscular activity as a
response to the pain during a common activity as walking.

We hypothesized that patients will increase length of
muscular activity while walking, anticipating onset and
postponing offset of muscular contraction for quadriceps
muscles comparing to healthy subjects.

Materials and methods
Participants

Forty male subjects with clinically diagnosed PFPS and
forty healthy males matching in age, weight, height
(Table 1) were enrolled in the study. Furthermore, all
subjects have the same level of sport activity, measured
with the Tegner score. Participants in both groups were
excluded if neurological disorders, MMSE <26, history of
knee extensor muscles injuries and knee surgery were
present. Exclusion criteria for healthy participants were
knee pain or any disorder in the last 12 months that had
interfered with regular physical activity.
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Table 1 Participants characteristics

Control (n = 40) PFPS (n = 40)

Mean £+ SD Mean £+ SD
Age (yr) 19.2 £ 39 225+25
Body height (m) 1.71 £ 0.11 1.73 £ 0.07
Body mass (kg) 643 £ 11.6 67.0 £ 8.7
Tegner activity rating scale 7.7 £ 1.5 72+ 117
VAS index N/A 4.66 + 1.59

Not significant differences were found between the two groups
(p > 0.05)

N/A not applicable

 Indicates prior the onset of the pain

Inclusion criteria for PFPS subjects were presence of
pain (at least score 3 from VAS) in the last month, onset of
pain while performing at least 2 functional activities [8],
detection of at least 3 sign or symptoms as previously
described [9].

All subjects were asked to read and sign an informed
consent form prior to their inclusion in the study.

Clinical evaluation

A clinical evaluation was performed to all subjects by the
same clinician, and all participants were asked to compile a
Tegner activity questionnaire in order to evaluate the level
of physical activity. PFPS subjects were asked to indicate
their activity level (Tegner score) also before the onset of
the symptoms. PFPS subjects were asked to indicate the
level of pain using the visual analog scale (VAS) for pain.

Experimental protocol

Opto-electric motion tracking system (Vicon, Oxford
Metrics Ltd, UK), consisting of 10 infrared cameras, was
used to evaluate lower limbs kinematics and spatiotempo-
ral parameters during gait. Two force platforms (AMTI,
MA, USA) embedded on the floor were used to record
ground reaction force during walking. Data were acquired
at a sampling rate of 250 Hz.

Electrical activity of the muscles was detected using a
wireless bipolar surface EMG (BTS FREEEMG 300,
Milano, Italy) with 10 GQ input impedance and acquired
with a sampling rate of 1000 Hz. Dedicated software (BTS
EMG analyzer 300, Milano, Italy) was used for data col-
lection and visualization.

Firstly, the subjects were equipped with reflective
markers which were placed on the subjects legs following
the Vicon plug-in gait markerset [35]. Then EMG probes
were placed bilaterally on the VM, VL and RF muscles.
Skin was shaved and prepared with methylated spirits and
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sandpaper. The electrode for VM muscle was placed at
80% on the line between the anterior spina iliaca superior
and the joint space in front of the anterior border of the
medial ligament. The electrode for RF muscle was placed
at 50% on the line from the anterior spina iliaca superior to
the superior part of the patella. The electrode for VL
muscle was placed at 2/3 on the line from the anterior spina
iliaca superior to the lateral side of the patella [36].

Subjects initially performed a static trial, standing with
the arms folded across the chest and staying still for 5 s.
After the static trial, subjects were asked to walk on the
15-meter instrumented walking path in the biomechanical
laboratory at their self-selected normal walking speed until
three successful trials were collected (Fig. 1).

Data analysis
Force platform data were used to define temporal events

such as initial contact and toe-off of both sides. Markers
trajectories were processed using the biomechanical model

Fig. 1 Participant in the biomechanics laboratory during the exper-
imental procedure

Vicon Plug-in-Gait (Oxford Metrics) biomechanical mod-
eling software to get kinematics profiles. Kinematics data
were normalized using a complete gait cycle, starting from
the ground contact of one foot to the successive ground
contact of the same foot.

Knee range of motion (ROM) in the sagittal plane was
calculated as the differences between the maximum and
minimum peaks during a gait cycle. Spatiotemporal
parameters, including walking speed, cadence, step length,
stride length, stance and swing percentage of gait cycle,
were evaluated for each trial.

EMG data were analyzed; in particular, EMG data were
band-pass  filtered  (fifth-order = Butterworth  filter
10500 Hz) and then rectified. The linear envelope was
obtained by applying a low-pass filter (fifth-order Butter-
worth filter with 4 Hz cut-off) and an amplitude normal-
ization was obtained using the mean dynamic activity
method [37], whereby the mean of the linear envelope was
calculated and considered as 100% of the amplitude.

The onset and the offset of each muscle were calculated
as previously described by Freddolini et al. [38]: firstly, a
threshold was calculated as the sum of the mean of the
EMG data recorded during resting plus 3 standard devia-
tion (SD) of that mean. Onset of EMG activity was
detected when the signal exceeded this threshold for at
least 150 ms. Offset time was detected using the same
threshold but analyzing the EMG signal from the end of a
contraction.

Muscle was considered active between the onset and
offset times. For VM and VL muscle onset (VMon and
VLon) and offset (VMoff and VLoff) times were reported,
normalized by the gait cycle duration. As the RF muscles
presented an additional activation approximately at toe-off,
two onsets (RFon and RFTOon) and two offsets times
(RFoff and RFTOoff) were reported for this muscle. VM,
VL and RF total onset duration times (VM%, VL% and
RF%) were expressed as percentage of the gait cycle.

Statistical analysis

The Shapiro—Wilks test and the Levene’s Test for Equality
of Variances were used to confirm that the assumptions of
normality and homogeneity of variance of the statistical
model were met for all variables analyzed. Independent
T test was used to assess between groups comparison.
Paired T test was used to evaluate differences for the
Tegner score in the PFPS group before and after symptoms
offset and to evaluate differences between VMon and
VLon percentage in the same group. Level of significance
was set at 0.05. Effect size calculation was performed using
the Cohen’s d coefficient for all significant comparisons
[39].
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Results

Tegner score was not significantly different when PFPS
group score prior the symptoms (7.2 £ 1.1) was compared
to healthy subjects (7.7 £ 1.5), indicating a similar activity
level (p > 0.05). The Tegner score was significantly dif-
ferent when the PFPS score regarding activity after
symptoms onset group (4.5 £ 1.5) was compared to heal-
thy group (p = 0.008, Cohen’s d = 2.13) and to the PFPS
group score before symptoms onset (p = 0.010, Cohen’s
d = 2.05), showing that as a result of the injury, patients
decreased significantly their level of physical activity.
Spatiotemporal gait parameters were not significantly dif-
ferent in the two groups (p > 0.05, Table 2). Knee ROM
significantly decreased in the PFPS group when compared
with control (p = 0.000, mean difference = 5.1°, Cohen’s
d = 1,21; Table 2). EMG results for VM and VL muscles
are summarized in Fig. 2. Significant differences were
found when comparing EMG parameters in these two
groups; in particular, VM% (p = 0.000, mean differ-
ence = 17.49%, Cohen’s d = 2.59), VL% (p = 0.000,
mean difference = 8.91%, Cohen’s d = 1.11) and RF%
(» = 0.000, mean difference = 11.80%, Cohen’s
d = 1.54) significantly increased in the PFPS group as it is
shown in Table 3. Moreover, as reported in Table 3, VMon
(»p = 0.000, mean difference = 6.38%, Cohen’s d = 2.26),
VLon (p = 0.000, mean difference = 4.35%, Cohen’s
d=144) and RFon (p=0.011, mean differ-
ence = 2.93%, Cohen’s d = 0.78) onset times were sig-
nificant different, indicating an earlier activation of these
muscles during gait cycle in the PFPS group when com-
pared to healthy subjects. In addition, VMoff (p = 0.000,
mean difference = 10.95%, Cohen’s d = 2.47), VLoff
(p = 0.000, mean difference = 7.35%, Cohen’s d = 1.42)
and RFoff (p = 0.010, mean difference = 5.02%, Cohen’s
d = 0.80) offset times were also significant different,
indicating later deactivation of these muscles during gait
cycle in the PFPS group when compared to healthy sub-
jects (Table 3). On the other hand, no significant difference

Table 2 Gait parameters results for control and PFPS groups

Control PFPS

Mean + SD Mean £+ SD
Walking speed (m/s) 1.20 £ 0.15 1.24 £ 0.22
Step length (m) 0.66 £ 0.06 0.66 £+ 0.10
Stride length (m) 1.33 £0.12 1.33 £ 0.21
Cadence (steps per minute) 108 £ 9 110 £ 6
Stance phase (%) 60.04 + 1.64 59.58 £+ 2.11
Swing phase (%) 39.97 £+ 1.64 4042 + 2.11
Knee ROM (°) 62.04 £ 3.38* 56.94 £+ 491*

* Indicates significant differences between groups (p < 0.05)
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was found for RFTOon and RFTOoff times between the
two groups (p > 0.05, Table 3). No significant difference
was present when comparing VMon and VLon time in both
control and PFPS groups (p > 0.05).

Discussion

Patients with PFPS have to be examined carefully with
regard to functional causes [40] and the treatment, that is
always non-operative, should address the etiological
causes.

Objective biomechanical outcomes, such as surface
EMG, can help clinicians in evaluating functional alter-
ations in PFPS.

In our study focusing on competitive athletes with PFPS,
we evaluated if the electrical activity of the quadriceps
muscle group could be altered as a result of the patellar
pain.

Our results showed that RF, VM and VL muscles were
activated for longer time in the patients group when com-
pared to healthy group. In particular, the quadriceps muscle
group activated earlier and de-activated later in the PFPS
group when compared to healthy control. In addition, PFPS
group showed reduced knee ROM during this activity.

Previous studies showed contrasting results comparing to
the current study; Powers and co-workers [21] showed no
significant difference in the VM and VL onset/offset timing
between PFPS and control. This may be due to differences in
EMG onset detection method, in the population investigated,
as Powers et al. [21] evaluated female participants. In addi-
tion, there was no indication about the activity level of the
subjects, as we evaluate competitive athletes that may be
difficult to be compared to general population. Conversely,
similar results were found by mohretal. [19] and VL and VM
length of activation was found in PFPS for walking and stair
ascending as a response of the pain.

Results can be explained as a compensatory strategy in
response to the pain, which it was applied in an everyday
life activity such as walking. As it is often seen in other
anatomical districts, or in other diseases, muscle contrac-
tion is directly related to pain sensation: Stabilizing the
joint with muscle contraction may lead to a pain reduction
[38, 41-43]. The knee ROM reduction, combined with the
increased muscle activity, may be a strategy to increase
joint stiffness, which, in turn, limits motion, decreasing
risks of further damage and pain [43].

It needs to be highlighted that differences in muscle
activation and knee ROM did not alter gait parameters such
as walking speed, cadence, step length, stride length, stance
and swing percentage of gait cycle, implying that this
compensatory strategy did not interfere with gait
performance.
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Il PFPS Group
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Percentage of gait cycle (GC)

Fig. 2 Onset and Offset of the EMG activity for the vastus medialis
(VM) and vastus lateralis (VL) muscles during gait for control and
PFPS group. Onset are indicated by the left edge of the horizontal bar,
while offset by the right edge of the horizontal bar. Error bars

Table 3 Vastus medialis, vastus lateralis, and rectus femoris muscles
activity results for control and PFPS groups

Control PFPS
Mean = SD  mean £ SD
Vastus medialis
Total onset duration time (VM %) 304 &+ 7.2* 479 £ 6.3*
Onset (VMon %) 88.2 +3.4*  81.9 + 2.1*
Offset (VMoff %) 18.8 £ 4.5%  29.7 &+ 4.3*
Vastus lateralis
Total onset duration time (VL%) 299 £+ 6.5 41.8 £ 8.7*
Onset (VLon %) 88.3 £ 2.8%  83.9 + 3.2%
Offset (VLoff %) 183 +£43*% 257 +59
Rectus Femoris
Total onset duration time (RF%) 40.3 £ 9.1* 489 £ 10.3*
Onset (RFon %) 20.2 +4.7% 252 + 7.6*
Offset (RFoff %) 87.8 £3.9% 849 + 3.6%
Toe-Off onset (RFTOon %) 50.6 + 2.4 50.3 + 2.8
Toe-Off offset (RFTOoff %) 58.6 + 2.0 589 +23

* Indicates significant differences between groups (p < 0.05)

It could be also possible that these alterations may be the
cause of the pain, adding more compressive load and
reducing femoral contact area, which, in turn, increased
load in the knee joint. Quadriceps muscles alterations may
indicate also a reduction in the neuromuscular efficiency in
PFPS group as they required earlier activation to prepare
the limb for the loading response and delayed deactivation
after push off.

As a limitation, the present research was a cross-sec-
tional study and it was not able to evaluate the cause and
effect association between pain and EMG alterations, that
it should be investigated in the future. Pain and muscular
alteration may operate in circle, reinforcing each other,

indicate standard deviation. Zero percent of gait cycle (GC) indicates
initial contact. *Indicates significant difference (p < 0.05) between
control and PFPS groups

with persisting of pain and leading to chronic condition
such as knee OA. In this case, a combination of pain reliefs
and muscle restoring exercise treatment may be useful to
interrupt this circle and reduce symptoms. In particular,
muscles can be retrained to perform the movements cor-
rectly, with the right timing of muscle activation and cor-
recting the sporting gesture. Moreover, PFPS is a complex
syndrome, caused by different cofactors, such as abnor-
malities of patellofemoral biomechanics and alterations of
lower limb axis. For this reason, it may be essential to
identify these alterations and design a complete rehabili-
tation program, which may include specific exercises, sport
devices and specific training to restore both muscular and
biomechanical alteration of the lower limbs, resulting in
clinically important reduction of pain, improvement in
functional ability and muscle functioning [3, 44].
Limitation of this study was that patients group was
limited to male athletes, and it may be difficult to be
compared with similar previous studies that involved
mainly female participants and different level of activity.
Further longitudinal studies are required to evaluate these
parameters in other population and for other activities.

Conclusion

Young athletes with PFPS showed increased length of
quadriceps muscles activity and reduced functional knee
Rom while walking, comparing with healthy subjects, in
particular muscular onset was anticipated in respect of the
loading response event of the gait. Nonetheless, walking
parameters were not affected by these alterations.
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