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SUMMARY

The aim of this study was to evaluate the influence of the step
height in the electric activity of the vastus medialis obliquus (VMO),
vastus lateralis longus (VLL) e vastus lateralis obliquus (VLO)
on backward step-up exercise. Twenty-seven females, being 15
healthy (21.13 = 2.17 years old) and 12 with Patellofemoral Pain
Syndrome PPS (21.08 = 2.31 years old), have participated in the
study. The electric activity was recorded by surface electrodes.
The volunteers performed the backward step-up exercise in two
different heights: with the knee joint flexion at 45° and at 75°. The
whole electric signal normalized by the average of repetitions was

INTRODUCTION

The Patellofemoral Pain Syndrome (PPS) is defined as a painful
disorder in knee joint resulting from a poor patellar alignment™. Its
main symptom is diffuse pain at the anterior or retropatellar region
of the knee, the effects of which cause functional damages to af-
fected individuals™. It has an insidious onset, and usually affects
young females, adolescents and athletes of both genders® and
the painful picture may be stronger after activities such as running,
squatting, stepping up or down stairs and slopes, sitting for a long
period or standing up from seated position®.

PPS etiology is not well established, but unbalances of the patellar
stabilizing muscles have been suggested as one of the major trig-
gering factors of the PPS®. However, there still are controversies in
literature about the muscular action on patellar stabilization, while
some studies suggest the existence of unbalances in the electric
activity range of vastus medialis obliquus (VMQ) and vastus late-
ralis (VL)“® muscles, and other studies do not note this fact®@®.
The vastus lateralis obliquus (VLO) muscle, from anatomical(7)
and electromyographhic® studies, was considered as important
for patellar stabilization as a VMO antagonist, laterally imposing
traction the patella®.

In the conservative treatment of PPS, programs aim the strengthen-
ing of the quadriceps and, more selectively, of the VMO muscle,
since it is considered as essential for the maintenance of patellar
alignment®. Among recommended exercises, the step is indicated
for intermediary and final phases of PSS rehabilitation, because
they mimic functional activities and allow for muscular co-contrac-
tion, resulting in a better joint stability® 9.

used to study the VMO:VLO and VMO:VLL activation ratio. The
two-way ANOVA and Duncan post hoc (p < 0.05) showed that in
the PPS group, the VMO: VLO and VMO: VLL ratio was greater at
45°than at 75° angle. In the Control group, the VMO: VLO ratio was
greater at 45° than at 75°, while the VMO: VLL ratio was greater
at 75°. The results of this study suggest that backward step-up
exercise at 45° can be used for PPS treatment programs because
it activated the VMO muscle in a more selective way.
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The step exercises can be performed in different heights allowing
different knee flexion angles. Similarly, step exercises can be per-
formed in a concentric (up) or eccentric (down) manner, and also
in forward, lateral or backward direction. The backward step is indi-
cated for PPS treatment™, but there are just a few studies analyzing
the effects of this kind of exercise on muscle electric activity.

In the reviewed literature, only the study by Cabral and Monteiro-
Pedro® has controlled the step height with knee flexed at 75°,
and the authors assessed the electric activity of the VMO, VLL
and VLO muscles in up and down exercises, both forward and
backward, in 18 individuals with PSS. Their results showed that
the VMO muscle was more active than the VLO and the VLL in all
exercises. However, no studies were found in literature comparing
different step heights and their effects on electric activity.

Thus, the objective of this study was to investigate the effect of
different step heights (45° and 75° of knee flexion) on VMO, VLO
and VLL muscles electric activity in normal individuals and in
those with PPS. For this, the activity ratios VMO:VLO and VMO:
VLL were assessed during backward step-up exercises in an
adjustable height step.

MATERIALS AND METHODS

Subjects

Twenty-seven female volunteers with ages ranging from 18 to 30
years old, non-athletes, have participated in the study, and were
divided into two groups. The Control group was formed by 15 sub-
jects (21.13 = 2.17 years) without surgery, pain, trauma, or history
of injury on the osteomyoarticular system of the lower limbs.
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The PPS group was formed by 12 subjects (21.08 = 2.31 years)
presenting with: Pain during at least 3 of the following activities:
long-time squatting, going up or downstairs, kneeling, running,
long-time sitting, isometrical contraction of the quadriceps muscle
and sports practice.® Pain intensity of at least 2 cm (0 — 10 cm)
at the Analogical Visual Scale (AVS) in the past week during the
performance of the activities above mentioned, and, complaints
of pain of any intensity during the performance of the following
functional tests: stepping down from a 25cm-high step, and bi-
podal squatting with knees flexed at 90°, both performed during
30 seconds.

All volunteers signed a Formal and Informed Consent Term for
participating in the study, which was approved by the Committee
on Ethics in Research of the Federal University of Sado Carlos.

Instruments

The electric activity of the VMO, VLL, and VLO muscles was cap-
tured by means of surface simple differential active electrodes
(Ag/AgCl) connected to an electromyographer EMG-8 (EMG
System do Brasil). The sampling rate was 2000 Hz and a band-
passing filter of 20 to 500 Hz was used. For data acquisition, the
software AgDados 7.02.06 was used.

The step used in this study consisted of a 49-cm high, 68-cm
wide and 40-cm deep wooden step with a drawer-like mecha-
nism, allowing the adjustment of height in 1.5-cm increments(*?.
For obtaining knee flexion angles of 45° and 75°, the step was
adjusted, in average, at 11 cm and 21 cm, respectively. A metro-
nome (Witner) adjusted for 63 beats/ minute helped the volunteers
on controlling backward step-up exercises time. An electrogo-
niometer connected to the electromyographer and fixed on the
studied knee joint was used for monitoring the flexion range at
the moment of exercise.

Procedures

Following trichotomy and skin cleaning with alcohol 70%, the elec-
trodes were fixed on volunteer’s skin with a double-face patch for
electromyography at the venter of each muscle and with detection
surfaces oriented perpendicularly to muscle fibers?.

For electrodes fixing, a line was firstly drawn ranging from the
anterosuperior iliac spine to the center of the patella. This line
served as a reference for inclination angles measurement of all
electrodes. For the VMO muscle, the electrode was fixed at 4 cm
above the superomedial edge of the patella and with an inclination
of 55°0), For the VLL muscle, the electrode was fixed at 15 cm
above the superolateral edge of the patella

“attention, prepare, climb”, she stepped-up backwards, initiating
the exercise with the limb to be studied followed by the contralateral
one, as shown in Figure 1.

The electromyographic signs of the concentric contraction (up)
were processed by a software Matlab 6.1 routine, which calcu-
lated the value of the area integral below electric sign wrapper
after filtering and grinding by total wave. Data were normalized
by the average value of the wrappers of the three repetitions by
each volunteer.

From the values of the integral of each muscle sign, values for
the relationship between muscles VMO:VLO and VMO:VLL were
calculated.

Statistical Analysis

For comparing Control and PPS groups, as well as the different
step heights, the variance analysis (two-way ANOVA) and Duncan
post hoc were used, both considering p < 0.05.

RESULTS

The analysis of the electric activity ratios VMO:VLO and VMO:VLL
showed the existence of significant differences between 45° and
75° angles (step height) both in Control group (p = 0.00) and in
PPS group (p = 0.00) (Table 1).

The PPS group presented higher muscle ratio values with the step
at 45° when compared to 75° step, both for VMO:VLO ratio and
for VMQ:VLL ratio (Table 1).

In Control group, the VMO:VLO ratio was higher at 45° angle while
the VMO/VLL ratio was higher with the step at 75° (Table 1).

In the inter-muscle analysis, the VMO/VLL ratio was higher than
the VMO/VLO ratio, both in Control group (p = 0.00) and in PSS
group (p =0.00) in both angles studied (Table 1).

The inter-group analysis showed no differences in muscle ratio
values between Control and PPS groups (p = 0.53) in both step
heights.

DISCUSSION

Our results showed that the exercise performed in the step at 45°
more strongly recruited the VMO muscle in comparison to VLO and
VLL muscles when compared to the 75° angle in both groups.
In clinical practice, the PPS treatment tries to selectively strengthen
the VMO aiming to maintain medial and lateral forces balance
acting on the patella, since this muscle is selectively atrophied
in situations resulting in PPS™. In addition, exercises in closed
kinetic chain (CKC) with the step cause

with an inclination of 13.6°® and, for the VLO
muscle, the electrode was fixed at the center
of the muscle venter from lateral femoral epi-
condyle with lateral inclination of 50.4°°. Also,
areference claw-type electrode with 2.5 x 3.5
cm metallic surface, covered with conductor
gel, fixed at the distal region of the volunteer’s
leg, near to the ankle joint contra-laterally to
the studied one.

The volunteers, helped by the metronome,
performed 3 repetitions of backward step-up
in two different angles. For this, step height
was adjusted for each volunteer so that, at the
moment of stepping-up, the knee joint flexion
angle was at 45° in the first series and at 75°
in the second series of exercises.

Exercises and Sign Analysis

After stretching and warming-up the major
muscle groups of the lower limbs, three rep-
etitions of backward step-up at 45° and 75°
were performed, totaling 6 repetitions.

The volunteer was positioned so that the step
was at her back and after a voice command:
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Figure 1 - Volunteer performing the
backward step-up exercise in a height-
adjustable step.

less patellofemoral stress, being the most
indicated for PPS treatment®©.

Thus, backward step-up exercises per-
formed with knee joint at 45° are indicated
for PPS treatment, because they provide
a better advantage of the VMO muscle
in comparison to its antagonists. Further-
more, at 45° of flexion, the patellofemoral
joint is stable and there is great patellar
congruence on trochlear groove!'®, which
corroborates the indication of this angle for
performing step exercises.

Cabral and Monteiro-Pedro(? also ob-
served a stronger activity of the VMO
muscle compared to VLO and VLL muscles
in individuals with PPS during step-up and
step-down exercises at 75° of knee flexion.
The authors report that the backward step-
up exercises recruited more intensively the
VMO muscle and suggest the indication of
this exercise on PPS rehabilitation.

The values of muscle ratios, ranging from
110 1.3 in this study, are in accordance to
previous studies both in healthy individuals
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and in PPS patients in CKC®4
at both angles. Those values
demonstrate that the VMO
muscle has always been more
active than its antagonists. On
the other hand, Tang et al.(®
found VMO:VLL ratio values
lower than 1 during squatting
exercise, both at 45° and
75° of knee flexion in healthy
individuals and in those with

KNEE CONTROL GROUP PPS GROUP
FLEXION
VMONLO VMOMNVLL™ VMONLO VMO/NVLL™
ANGLE
45° 121 (2 0.16)" | 1.24 (£0.17)° | 1.25(£0.26) | 1.34 (£0.19)"
75° 106(x0.08) | 1.25(x0.16) | 1.06(x0.17) | 1.20(£0.14)

(p = 0,00) comp

* significant difference (p = 0.00) compared to 75° step

to VMONVLO within the same group.

Table 1 - Average and standard deviation of values for VMO:VLO and
VMO: VLL ratios in backward step-up exercise at 452 and 752 knee
flexion of Control group (n=15) and PPS group (n=12).

on patellar lateralization than
the VLL muscle.

An important data from our
study is the fact that the con-
trol group presenting a higher
value of VMO:VLL ratio at 75°
cannot be explained only
by means of electromyog-
raphy, but other factors may
be involved. However, as
mentioned, the other muscle

PPS. Those values indicate a

greater activation of the VL muscle when compared to the VMO,
thus not in accordance to our results at both knee angles.

As previously reported, no studies were found in literature investi-
gating the effects of the step height on the electric activity of patel-
lar stabilizers. We believe that this methodology allows volunteers
to be submitted to proportional values of patellar compression and
stress regardless of each individual’s height. Thus, knee flexion
angle control with the step height adjustment, standardizes the
comparison among groups and exercises. Regarding the VLO
muscle, except for the study by Cabral and Monteiro-Pedro'?, no
studies were found in literature investigating its electric activity in
functional tasks (such as the step, for instance).

Our results show that in the step at 75°, the VLO muscle presented
activity values close to those of the VMO muscle in both groups,
but this pattern did not happen for the VLL muscle. This behavior
suggests that the VLO muscle can be more strongly recruited the
greater the knee joint flexion angle is, participating more actively
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