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Effect of Knee Brace on VMO and VLEMG Activity During
Five Knee Exercises

Olfat Mohamed, PhD. PT.
Department of Physical Therapy, California State University, Long Beach.

| ABSTRACT |

Patellofemoral pain is one of the most common knee complaints in young athletes. One of the several
proposed etiologies of PFP is poor vastus medialis oblique (VMO) control. Wire electrodes were used to
determine if wearing the On-Track brace during exercise improves VMO intensity and timing in
asymptomatic subjects. Twenty subjects without any history of patellofemoral pathology participated. VMO
and vastus lateralis (VL) muscle EMG activity was recorded using intramuscular wire electrodes during five
exercises. We found no significant differences in the timing and intensity of EMG activity of the VMO
muscle, VL muscle, or the VMO/VL EMG ratio due to the different components of the On-Track brace.
Significant differences between all exercises were found in intensity of EMG activity for both VMO and VL
muscles except for step up and single leg squat. Any improvement in PFP with the brace may be due to

mechanisms other than altering muscle activity.

| INTRODUCTION |

atellofemoral pain syndrome (PFPS)
is one of the most common knee
problems among young athletes'®*2.
Patellofemoral pain is generally
described as retropatellar or peripatellar and
diffused. The pain typically increases during
high demand activities such as running,
jumping, squatting, and going up and down
stairs*®®, Lateral tracking of the patella is one
of the common causes of PFPS'. Lateral
tracking is hypothesized to result from
inadequate strength or delayed onset of the
VMO. This hypothesis is based on the medial
alignment of the VMO fibers as they attach to
the patella. Because of this alignment, the
VMO produces a large medial pull on the
patella and has been shown to counteract the
VL to prevent lateral subluxation of the
patella®.
Bracing and taping are used to affect
static and dynamic forces on the patella in
persons with PFPS®3%373% They are designed

to realign the patella medially and have been
shown to alleviate symptoms in most patients
with PFp21120:3638222533  No evidence of
change of patellar alignment or tracking during
knee movement was reported in the taping or
bracing studies.

Taping or bracing is also proposed to
increases the recruitment of the VMO
compared to the VL muscle. Earlier timing
and/or increased intensity of the VMO is
hypothesized to be due to sensory feedback
from contact of the tape or brace on the
skin"*>2%44 This theory is based on results of
research that demonstrated that skin sensory
stimulation through brushing, icing, vibration,
and deep pressure facilitated recruitment of the
muscle stimulated®>#*%32_For this theory to be
tested, the tape or brace would need to be
selectively applied to the VMO muscle.

A unique brace, part of the On Track
(System, is designed to selectively stimulate
the skin over the VMO muscle in patients with
PFP (Fig 1). The system consists of the On
Track brace (OTB) and videotape that
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demonstrates how to apply the brace and
perform several knee exercises. The OTB has
three components: a neoprene knee sleeve, a
neoprene pull strap, and a plastic VMO
“activator”. The plastic tip of the “activator”
is placed on the skin over the VMO muscle
belly to facilitate VMO activation through skin

Neoprene knee sleeve

stimulation™®. While several investigators have
studied the effect of bracing on patellar
alignment and quadriceps EMG
activity?®3%3373%43 " none was found that
investigated the effect of adding a specific
element for tactile stimulation like that offered

by the OTB (the VMO “activator”).

'< “Activator”
L 2
<:) Adhesive patch
N

Pull strap

Fig. (1): The different components of the On Track® brace.

The purpose of our study was to
determine the effect of different combinations
of components of the OTB on the intensity and
timing of the EMG activity of VMO and VL
muscles and VMO/VL ratio during five
exercises that are commonly used in the
rehabilitation of patients with PFP. To control
for the known variability of causes for PFP we
conducted the study on persons without PFP as
there is no evidence of sensory abnormality in
this population that would cause a different
response to tactile stimulation.

| METHODS |

Subjects
Twenty healthy volunteers (9 men and
11 women) with no history of PFP or surgeries

of the lower extremities participated in the
study. The mean age for the group was 27.7
years (SD, 5.8), mean body mass was 71.1 kg
(SD, 8.81) and mean height was 164 cm (SD,
7.8). All subjects signed an institutional IRB
approved consent to participate in the study.

Instrumentation

Dynamic EMG: Myoelectric activity of
the VMO and VL muscles was sensed by pairs
of  50-micron  nylon-insulated,  nickel-
chromium alloy, wire electrodes. The paired
wires, threaded through a single 1.5- inch, 25
gauge disposable needle, had the distal ends
stripped of insulation, staggered and folded
over the needle tip. After insertion of the
electrodes, the needle was withdrawn leaving
the electrodes in place in the muscle. The
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proximal free ends of each pair of wires were
stripped of insulation and secured to springs
on a bipolar pre-amplifier taped securely to the
subject’s thigh. A common ground was affixed
on the skin over the spine of a lumbar vertebra.
EMG signals were transmitted from the pre-
amplifiers to a MA-300® system “backpack”
attached to a belt at the subjects waist. The
EMG signal was then transmitted via an 18 m
long, 3 mm diameter coaxial cable to the MA-
300 EMG system® and then to an oscilloscope
and a computer for viewing and recording
data. The band pass filter of the pre-amplifiers
was 20-1000 Hz, and A/D data acquisition rate
for each channel was 2400 samples per
second.

The Brace

The On Track® brace (OTB) consisted
of three components: a neoprene sleeve, a
neoprene, patellar alignment device with two
pull straps, and a VMO ‘“activator”. The
neoprene sleeve had a circular cut out for the
patella, which allowed an adhesive knee patch
placed over the patella to be exposed through
the cut out. The patellar alignment device then
attached to the Velcro® top of the exposed
patch through the circular cut out with the pull
straps extending medially. The straps were
pulled medially to realign the patella and then
attached to the neoprene sleeve. The
“activator”, a  round  plastic  piece
approximately 2 cm in diameter, was attached
to the under surface of the brace over the
VMO muscle. The brace was available in sizes
ranging from x small to x-large.

Procedure

The subject’s lower extremity used to
kick a ball was used as the test limb. The skin
over the VMO and VL muscles was cleaned
with alcohol and intramuscular, wire electrode
pairs were inserted into the VMO at mid-
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muscle belly and into the VL at approximately
one third of the distance from top of the patella
to the anterior superior iliac spine. The subject
then contracted his muscle forcefully and his
knee was passively flexed and straightened to
minimize possible movement of electrodes in
the muscle during exercise. Electrodes were
attached to the pre-amplifiers and electrode
placement into the quadriceps was confirmed
by observing EMG activity on an oscilloscope
during isometric quadriceps contraction at zero
degrees flexion. Resting EMG was recorded
for 5 seconds to establish baseline activity.
Maximal testing (MMT) was then performed
with the subject back lying, resting on both
forearms with the test knee within 20 degrees
of full extension and the hip flexed to
approximately 60 degrees. Maximum manual
resistance to knee extension was applied
proximal to the ankle while investigators
verbally encouraged the subject during EMG
recording.

The size of neoprene brace that fit the
subject's thigh firmly without restricting
motion was chosen for each subject. Then the
following donning procedure was used for the
application of all components. Before
application of the neoprene sleeve, the self-
adhesive knee patch was placed on the knee so
that the circular Velcro® top was positioned
over the patella. The neoprene sleeve then was
applied, the neoprene patellar alignment
device attached to the taped Velcro® and the
two extended straps pulled medially and
attached by Velcro® to the neoprene sleeve.
The plastic “activator” was attached to the
under surface of the neoprene sleeve over the
VMO muscle.

Five exercises and five bracing
conditions were randomized between subjects
using a random numbers table. Bracing
conditions consisted of no brace, neoprene
sleeve only, sleeve and strap, sleeve and
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“activator”, and sleeve with strap and
“activator”. The exercises were double leg
squat, single leg squat, step up, step down, and
quad set. Each exercise lasted 5 seconds.

Quad set - Subjects performed isometric quad
sets in the long-sitting position with the hip at
about 90 degrees of flexion and neutral
rotation, supporting themselves on their hands.
Step up - Subjects placed the foot of the test
limb on a 23 cm stool. They completely
shifted their weight onto the test limb during
the first two seconds, and then lifted the
contralateral limb while rising up onto the
step, extending the test knee during the final
three seconds.

Step down - Subjects stood on their test limb
on a 23 cm stool. The opposite limb was held
off the floor slightly in front of the stool.
Double Leg Squat - The subject was
positioned near the wall at a distance that
allowed  comfortable  squatting  while
maintaining vertical back alignment. During
the first three seconds of the trial, the subject
slowly flexed both knees to 60 degrees and
held that position for the final two seconds.
Single Leg Squat - Conditions were identical
to the double leg squat except that the
contralateral limb was flexed and non-weight-
bearing.

Data Reduction

Raw EMG was rectified and integrated
each one fiftieth of a second. Noise levels
were established by the resting trail. Any
subsequent EMG recording of greater than 5%
of resting level was processed as EMG. The
highest half-second of EMG for each muscle
of the maximum manual resistance trial

(MMT) was used to establish a normalization
factor. EMG of exercise trials was divided by
the normalization factor resulting in EMG
expressed as percent MMT. The normalized
data for each trail was averaged over the 5
seconds for each muscle The VMO/VL ratio
was calculated from the average, normalized
EMG of each trial. Data processing used
EMG analyzer software’. Onset timing of
EMG was determined by additional custom-
designed B&L Engineering, Inc. software. The
onset of the first packet of activity with an
amplitude greater than 5% MMT, lasting at
least .05 seconds, was considered as the onset
of activity of the muscle during each exercise.

Statistical Analysis

Repeated measures multiple analysis of
variance (MANOVA) was used to determine
differences in EMG intensity and timing of the
VMO and VL as well as VMO/VL ratios
between Dbrace conditions and between
exercises. The alpha level was set at 0.05.
Bonferroni adjustment of the P value was used
for post hoc testing.

\ RESULTS \

EMG Intensity

We found no significant differences in
intensity of EMG activity of the VMO muscle,
VL muscle, or the VMO/VL EMG ratio due to
brace condition (sleeve alone, sleeve with
strap, sleeve with “activator”, sleeve with strap
and “activator”, no brace) (Fig.2). Interaction
of brace condition and exercise also was not
significant.
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DS = double squat

Fig. (2): VMO and VL EMG (%MMT) during step down.

A significant difference was found in
intensity of EMG activity of both VMO and
VL muscles due to exercise. Post hoc testing
showed significant differences in intensity of
VMO and VL muscle activity between all
exercises except between the step up and
single leg squat (Table 1, Fig. 3). The ranking
of exercises from highest to lowest EMG
intensity was the same for the VMO and VL

muscles. The only exercise that had a
significantly  different VMO/VL muscle
activity ratio from other exercises was the
quad set (Table 1). The quad set exercise
elicited relatively more VL activity (VMO/VL
ratio=1.13) compared to all other exercises
(mean VMO/VL ratio=1.34) except the double
limb squat.
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Table (1): Intensity of VMO, VL (%MMT) and VMO/VL Ratio During the five knee exercises.

Exercise VMO VL VMO/VL
Mean SD Mean SD Mean SD
QS g7Pede 56 L 38 1.13" 45
SD 747 40 66 47 1.32° .83
SU 48%¢ 30 4% 27 1.32° .86
SS 467 28 39%¢ 26 1.39° 1.15
DS 28 18 243 15 1.43° 1.43

Quad set (QS), step down (SD), step up (SU), double limb squat (DS), and single limb squat (SS)

& significantly different from QS

® significantly different from step down

¢ significantly different from step up

¢ significantly different from single squat
® significantly different from double squat

EMG timing

The quad set exercise was excluded from
this comparison because recording started after
the beginning of muscle activity. Onset of
VMO and VL ranged from .20 seconds to .91
seconds after the beginning of the exercise.
We found no significant difference in timing

160 -
MOJ
120 -
100 -
80 -

EMG %MMT

60 -

40 -

20 4

of EMG activity of either muscle due to brace
condition or in the interaction between brace
condition and exercise. There was, however, a
significant difference in onset timing due to
exercise (Fig. 3). Onset of both VMO and VL
activity was significantly later in the double
leg squat than all other exercises (Fig. 4).

AvMO
ovL

1§

Qs sD

SuU SS DS

Exercise

QS=quadset SD =stepdown SU =step up

SS =single squat DS = double squat

Fig. (3): VMO and VL EMG activity (%MMT) during knee exercises.
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B: brace only

BS: brace & strap

BA: brace & activator

BSA: brace strap &

Fig. (4): VMO and VL onset timing during knee exercise.

| DISCUSSION |

We chose subjects without PFP because
proposed etiologies of PFP do not include
sensory pathology, we expected that the EMG
response to the tactile and mechanical effect of
the On Track Brace® would be similar in the
two groups. Furthermore, we chose subjects
without PFP to minimize confounding the
results with mechanical factors such as patellar
malalignment or physiological factors such as
pain.

Effect of Brace on EMG Intensity

External patellar support has been shown
to improve symptoms and function in patients
with PFP?1-20383842 - oyr results do not
support the claim that the On Track Brace®
facilitates VMO activity through tactile
stimulation provided by the VMO “activator”
placed on the skin over the VMO muscle.
Other potential sources of tactile stimulation
(the neoprene cuff, the adhesive Velcro patch

placed on the patella and the patellar strap)
also failed to alter the intensity of VMO or VL
muscle activity or the VMO/VL activity ratio.

The results of the present study agree
with those of Nemeth et al., who studied
volitional muscle activity during functional
exercises with a compressive knee brace, a
condition similar to our neoprene sleeve. They
found no significant effect of the compressive
brace on EMG activity of the vastus medialis,
biceps femoris, semitendinosus,
semimembranosus or gastrocnemius muscles
during downhill skiing in subjects with ACL
injuries when compared to skiing without the
brace®.

The strap component of the On-Track
brace was designed to position the patella
medially in the trochlear groove by employing
a concept similar to McConnell’s patellar
taping™. The application of the patellar strap
did not cause any changes in the EMG activity
of the VMO, VL or the VMO/VL muscle
activity ratio during the 5 tested exercises.
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These results agree with those of Powers et al.
and of Cerny who reported no effect of medial
patellar taping on the level of activity of either
the VMO or VL muscles or the VMO/VL
muscle activity ratio during exercise in
subjects with or without PFP®.

Effect of On-Track Brace on Timing of
EMG

We found no significant differences in
onset timing of the VMO or VL muscles
between any of the brace conditions regardless
of exercise. The VMO “activator”, proposed to
cause earlier recruitment of the VMO due to
tactile stimulation, failed to show such an
effect on timing in our subjects.

Effect of exercise on EMG intensity

We investigated one open chain exercise
(quad set) commonly used in the acute stage of
PFP and four closed chain exercises (step up,
step down, single squat and double squat). We
found significant and similar differences in the
intensity of muscle activity of both the VMO
and VL muscles between exercises
demonstrating that some exercises recruited
more activity of both muscles than other
exercises.

The finding that the quad set exercise
showed the highest VMO and VL EMG
activity (97 % and 88 % MMT, respectively)
agrees with several other studies6,19,26,40.
For example, the quad set had the greatest
VMO and VL activity when compared to
several variations of straight leg raise
exercises’®*. Quad set also recruited higher
activity when compared to isometric
contraction at knee flexion angles of 15 and
60° and compared to knee extension from 300
to full extension in persons with PFP®,

Another factor that may have contributed
to the greater intensity of quad set activity in
the present study is that the quad set exercise

was associated with the shortest quadriceps
muscle length. Studies on the relationship of
EMG and muscle length demonstrated
increased EMG activity with shorter muscle
lengths at the same intensity of effort [Lunnen,
1981 #178; Andriacchi, 1984 #177;%.

The step down exercise had the greatest
EMG activity of the closed chain exercises
(VMO = 78% MMT; VL = 76% MMT). This
finding is explained by the greater quadriceps
demand for this exercise than for the others.
The step down exercise required subjects to
unilaterally bear weight with the knee flexed
to greater than 90 degrees for 3 seconds,
whereas the single and double leg squats were
only performed to and held for 3 seconds at 60
degrees flexion. The step up exercise required
subjects to be flexed greater than 90 degrees
for a very short period of time as the weight-
bearing knee was fully extended within 3
seconds.

The findings of the present study are in
agreement with several other studies that also
found that quadriceps EMG activity increased
as knee flexion angles increased in weight
bearing®?*3

The third highest EMG activity was
found in the step up and the single leg squat
exercises, which did not show significantly
different EMG activity from each other. The
single leg squat exercise required eccentric and
isometric quadriceps contraction, whereas the
step up exercise required a concentric
contraction. Concentric contractions produce
less force than isometric and eccentric
contractions and concentric  contractions
produce more EMG activity compared to
isometric and eccentric contractions for the
same force output’®**?°_ If joint angles and
torque demand were similar for both step up
and single leg squat exercises in this study, the
step up would produce more ciuadrlceps
activity than the single leg squat®*?%. N
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differences in EMG activity were seen
between the exercises because the joint angles
and torque demand were not similar. The step
up exercise required a controlled ascent onto a
stool, beginning the single leg support phase of
the exercise in a position of high quadriceps
demand (flexion of greater than 90 degrees)
but transitioning to a position of low demand
(full extension) within 3 seconds, whereas the
single leg squat exercise required a 3 second
descent from full extension into 60 degrees
flexion, followed by a 2 second hold at 60
degrees. The single leg squat exercise,
therefore, required 2 seconds longer support
on a single leg than the step up exercise. These
2 seconds required isometric activity in a
relatively demanding position of 60 degrees
flexion. The combination of isometric and
eccentric activity during the more difficult
single leg squat resulted in an equivalent
amount of EMG activity as the concentric step
up exercise.

That the double leg squat to 60 degrees
of knee flexion generated the least EMG
activity of all the closed chain activities is
expected as subjects could equally distribute
the torque demand between both legs.

Effect of exercises on VMO/VL Intensity
Ratio

The mean ratio obtained in all tested
exercises ranged from 1.13 to 1.43 (Table 1).
These ratios are similar to those previously
reported for asymptomatic subjects®***. The
quad set exercise had the least variable ratio
with a standard deviation of .45 compared to
.83 to 1.43 for the other exercises suggesting
that encouragement to produce maximum
force of the quadriceps was consistent. The
double leg squat, which was the least
challenging exercise, was associated with the
highest variability indicating differences in
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strategies employed between subjects in
achieving this relatively easy dynamic task.

The significantly lower VMO/VL ratio
(relatively higher VL activity) for the quad set
exercise than for the closed chain exercises
requiring single limb flexion (step up, step
down, or the single leg squat) in this study
doesn’t agree with that reported by Powers,
who found that the activity of the VMO
muscle increased relative to the VL during
terminal extension in persons with PFP**. He
speculated that this increase in VMO activity
is related to its function as a medial patellar
stabilizer to prevent lateral patellar
displacement during terminal knee extension
when the patella sits above the trochlear
groove and thus has lost the passive
stabilization of the lateral wall of the groove.
The present study is different from that of
Powers in that we studied asymptomatic
subjects who had no known lateral tracking
problem and that we compared the zero
extension position (quad set) to four closed
chain exercises, which involved more flexed
knee positions than his maximum flexion of 45
degrees. We found no significant differences
in VMO/VL ratio between the closed chain
exercises in subjects without PFP. This
supports findings by other investigators who
studied subjects with and without PFP and
reported no or minimal differences in
VMO/VL ratio between open or closed chain
exercises®!1920:3538

The studies on VMO/VL ratio, therefore,
suggest that the VMO muscle cannot
consistently be preferentially activated by
exercise. Improvement in symptoms in
persons with PFP as a result of exercise cannot
be attributed to selective activation of the
VMO muscle.
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Effect of exercise on timing of EMG

Timing of onset of VMO and VL
muscles has been studied because some studies
have shown delayed onset of the VMO muscle
reflexes in patients with compared to subjects
without PFP1345,

Our results of no differences in onset of
EMG due to exercise are similar to those of
Powers et al., who found no differences in
timing of onset or cessation of EMG between
the vasti muscles during stair climbing and
walking on a ramp in persons with and without
PFP®. They concluded that timing differences
do not exist between the VMO and VL in
subjects with PFP and therefore do not
contribute to patellofemoral dysfunction.
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