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Objective: The Protonics brace is a functional resistance
brace designed for rehabilitative use in patients with patellofem-
oral pain syndrome. Our objective was to determine whether
the Protonics brace altered quadriceps muscle activity or knee
mechanics in healthy subjects.

Design and Setting: We used a within-subjects design in a
laboratory setting.

Subjects: Nineteen recreationally active college students (10
females, 9 males; age 5 22.6 6 2.8 years; height 5 172 6 9.0
cm, mass 5 69.7 6 12.5 kg) with no history of patellofemoral
pain syndrome.

Measurements: A standard-length Protonics brace was fit to
each subject’s leg. Surface electromyography of the vastus me-
dialis obliquus, vastus lateralis, and rectus femoris muscles was
recorded during a lateral step-down exercise. Lower extremity
kinematics and ground reaction force were assessed during
stair descent. Subjects performed both tasks under 4 condi-
tions: no brace and brace with low, medium, and high resis-
tance. Electromyography values were normalized to a maxi-
mum voluntary isometric contraction. The brace moment was
determined by passive testing in an isokinetic dynamometer.
Changes in the subject’s muscular knee-extension moment
were determined by subtracting the extension moment provided
by the brace from the total knee-extension moment calculated
from motion and force data using an inverse dynamics ap-
proach.

Results: Vastus medialis obliquus activity in the brace at the
low- and medium-resistance settings was significantly lower
than that measured without the brace. Vastus lateralis activity
while wearing the brace at medium resistance was significantly
less than in the absence of the brace. Regardless of brace
setting, vastus medialis obliquus and vastus lateralis activity in
the descending phase of the exercise was less than during the
ascending phase. A significant interaction was noted between
brace setting and phase of the step-down exercise for rectus
femoris activity. Significantly less activity was seen in the de-
scending phase than in the ascending phase. Post hoc testing
indicated that, in the descending phase, less activity was dem-
onstrated with the brace at the medium and high settings than
at the low setting. Muscle activity at the high setting and activity
at low resistance were also significantly less than when the
brace was not worn in the ascending phase. Knee flexion and
extension moment during stair descent were significantly less
at the higher resistance settings.

Conclusions: Wearing the Protonics brace at moderate or
high resistance during the lateral step-down exercise produced
less quadriceps activity compared with not wearing the brace.
The knee extensor mechanism was unloaded when the brace
was worn during stair descent. These findings indicate that the
Protonics brace may unload the quadriceps and therefore de-
crease the load on the patellofemoral joint.
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Patellofemoral pain syndrome (PFPS) is the cause of 20%
to 40% of visits to sports medicine clinics because of
knee disorders1,2 and 10% of all visits to musculoskel-

etal sports medicine clinics.2 Patellofemoral pain syndrome is
especially prevalent in active young adults,3 who constitute the
population with whom athletic trainers are most likely to work.
The incidence of PFPS in athletes has been reported to be as
high as 1 in 4.4 Treating PFPS can be a very frustrating and
time-consuming task for both the athlete and athletic trainer,
partly because of the multifactorial nature of the condition.
Extrinsic factors such as playing surface, overtraining, and
footwear can contribute, as can intrinsic factors such as skel-
etal alignment, muscle weakness, and poor neuromuscular
control of the lower extremity.5 Both researchers and practi-
tioners continue to investigate new techniques to more effec-
tively treat PFPS.

A recent addition to PFPS rehabilitation is the Protonics
brace (Empi, St Paul, MN), a long-leg brace with a hinged
knee that is designed to provide variable resistance to flexion,
independent of velocity and gravity6 (Figure 1). According to
the manufacturer’s Web site, product information, and a con-
tinuing education course, the theoretic basis for Protonics rests
on the idea that PFPS is caused by biomechanical abnormal-
ities that are related to abnormal pelvic position.7,8 It is pro-
posed that biomechanical abnormalities, such as an anteriorly
rotated pelvis and internally rotated femur, and soft tissue ab-
normalities, such as hypertonicity of the tensor fascia latae and
vastus lateralis and iliopsoas muscles, and inhibition of the
hamstrings and gluteal muscles may lead to abnormal lateral
tracking of the patella and PFPS.7,8 However, caution should
be used in interpreting these theories because no evidence to
substantiate them is found in the scientific literature.



Journal of Athletic Training 45

Figure 1. Protonics functional resistance system.

The brace is designed to be worn during therapeutic exer-
cises and activities of daily living. Ten settings provide various
levels of resistance to knee flexion; with each increased set-
ting, the hamstrings must generate more force to flex the knee.
The treatment begins by fitting the brace on the patient’s leg
and finding the functional resistance setting (FRS). This is the
lowest setting at which the patient can ascend and descend one
step without pain. An underlying assumption for the FRS is
that increased resistance in the hinge causes the quadriceps
muscle to be unloaded, thereby reducing muscle activity, pa-
tellofemoral joint reaction force, and pain. This assumption
has not, however, been tested experimentally. Patients then
perform knee-flexion exercises intended to recruit the ham-
strings, and the contention is that immediate changes in pelvic
position and flexibility of the hip flexors and iliotibial band
can be seen because of neural adaptation. The patient wears
the brace during daily activity and while traditional PFPS ex-
ercises are performed.6,8

Although clinical trials support the effectiveness of the Pro-
tonics brace in treating PFPS,9,10 it is not known whether de-
creases in pain are a result of pelvic repositioning or unloading
of the quadriceps while the brace is worn at the FRS. The
application of any external force (in this case, the brace) has
the potential to change the muscular and mechanical functions
of the lower extremity of healthy individuals, as well as those
with an injury.11 Therefore, our purposes were to determine
(1) whether wearing the brace at various resistance levels dur-
ing a lateral step-down exercise changes quadriceps muscle
activity, and (2) whether wearing the brace at various resis-
tance levels during stair descent changes the biomechanics of
the knee. Our hypothesis was that wearing the brace with high
resistance would decrease quadriceps electromyographic activ-
ity, knee-flexion angle, and knee-extension moment during
closed kinetic chain activities.

METHODS

Subjects

Nineteen recreationally active college students (10 females,
9 males; age 5 22.6 6 2.8 years, height 5 172 6 9.0 cm,
mass 5 69.7 6 12.5 kg) with no history of anterior knee pain
were recruited. Subjects were free from any balance or vestib-
ular disorders and were not suffering from an injury to the
lower extremity, hip, or low back at the time of testing. All
subjects read and signed an informed consent form approved
by the university institutional review board, which also ap-
proved the study.

Instrumentation

All subjects were fitted with a regular-sized Protonics knee
brace. The Biopac MP100 System (Biopac Systems Inc, Santa
Barbara, CA) was used to collect all electromyography (EMG)
data, which were recorded from the vastus medialis obliquus
(VMO), vastus lateralis (VL), and rectus femoris (RF) using
10-mm contact-area Ag-AgCl disposable electrodes with an
interelectrode distance of 1 cm (Biopac Systems Inc). We per-
formed skin preparation and electrode placement according to
a standard protocol for surface EMG.12 The following EMG
settings were used: band width 5 10 to 500 Hz, input imped-
ance 5 2 MV (differential), common mode rejection ratio 5
110 dB, maximum input voltage 5 6 10 V, sampling rate 5
1000 Hz, gain 5 1000. An electrogoniometer (Penny and
Giles Biometrics Ltd, Gwent, UK) was used to monitor the
knee angle during the lateral step-down.

The Vicon System 370 (Oxford Metrics, Oxford, UK) was
used to collect 3-dimensional kinematic data during stair de-
scent. Video images were recorded at 60 Hz. A 7-step staircase
with force plates (Kistler Instrument Corp, Amherst, NY) em-
bedded into the second and fourth stairs from the top landing
was used. Force-plate data were sampled at 1200 Hz.

Procedures

Lateral Step-Down Exercise. Subject preparation began
with our shaving and vigorously cleaning with alcohol the ar-
eas of electrode attachment. Two electrodes were applied to
the VMO and VL over the area of greatest muscle bulk in the
presumed direction of the muscle fibers. The locations were
chosen such that the electrodes remained over the muscle dur-
ing the entire range of motion. The RF electrodes were placed
on the anterior thigh halfway between the anterior superior
iliac spine and the patella. All electrode positions were con-
firmed by palpation during contraction of each muscle. An
electrogoniometer was placed across the lateral aspect of the
knee and used to differentiate between the descending and
ascending phases of the step-down exercise.

After electrode placement and a brief warm-up, maximum
voluntary isometric contractions (MVICs) were performed and
used for normalization. The MVIC was elicited by having the
subject stand with his or her back against the wall with the
hips and knees flexed to 908 and 608, respectively. The feet
were placed on an angled block to prevent sliding. Subjects
were instructed to stand on one leg and push as hard as pos-
sible, driving the back against the wall (Figure 2). Three sep-
arate 5-second MVIC trials were recorded. Pilot testing indi-
cated this was an effective way to produce an MVIC for the
quadriceps in a functional position.13
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Figure 2. Measurements for a closed kinetic chain maximum vol-
untary isometric contraction were collected and used to normalize
all electromyographic data.

To begin the step-down exercise, subjects stood on the test
leg at the edge of a 24.5-cm-high block. Subjects were in-
structed to slowly bend the knee, lowering the opposite leg to
lightly touch the floor, and then return to a standing position.
Each subject performed 3 lateral step-downs under each of 4
conditions: no brace and wearing the brace with low, medium,
and high resistance. These settings were chosen because they
cover the range of settings that may be used as the FRS for
patients with PFPS. The no-brace condition was always mea-
sured first to familiarize the subject with the task. The order
of brace-resistance settings was randomly assigned.

Stair Descent. The 10 female subjects also performed stair-
descent trials to allow us to determine knee-extension mo-
ments. Testing of the females was completed first, and sched-
uling and equipment constraints prevented similar testing of
the 9 male subjects. Kinematic and kinetic variables were de-
termined using the following procedures. Four reflective mark-
ers were attached to thermoplastic plates that were attached to
the lateral lower extremity with double-sided tape and elastic
wrap. Markers were tracked during the stair-descent trials us-
ing 6 cameras arranged within 1808 of each other to capture
unilateral lower extremity motion. Anatomical reference
frames were established by identifying control points as de-
scribed by Cappozzo et al.14 Global and local reference frames
were established using a right-handed coordinate system in
accordance with International Society of Biomechanics stan-
dards.15

Data Acquisition

Data were saved and further analyzed on a personal com-
puter. Because the brace works differently in the descending
phase than in the ascending phase, the lateral step-down task
was divided into descending and ascending phases based on
electrogoniometer data. MATLAB software (Mathworks Inc,
Natick, MA) was used to create a custom program for EMG
data analysis. The raw EMG signal was corrected for a base-
line drift, and the root mean square was calculated over a 0.5-

second moving window. The maximum root mean squares of
all MVIC trials were averaged and used for normalization. The
trial root mean square values were divided by the averaged
MVIC value to produce percentage of maximum activity.
These data were used for further analyses.

Three-dimensional motions of the pelvis, thigh, shank, and
foot segments were computed from target cluster marker lo-
cations as a postprocessing step. Kinematic data were filtered
at 6 Hz using a fourth-order, zero-lag Butterworth filter.16 The
position and orientation of the segments were obtained from
marker data using the least squares method.17 Joint angles
were derived using a joint coordinate system described by
Grood and Suntay.18

We used body-segment kinematics in conjunction with
ground reaction forces to compute muscular joint moments
using inverse dynamics,16 in which muscular joint moments
and net joint reaction forces are computed from measurements
of the kinematics of individual body segments. The total in-
ternal knee-extension moment was calculated this way. The
resistance moment in the brace hinge was determined by test-
ing the brace alone in an isokinetic dynamometer. As the brace
was flexed, the dynamometer recorded an extension moment
in the brace hinge. Regression equations were used to predict
the moment at any flexion angle. The extension moment pro-
duced by the subject was calculated by subtracting the resis-
tance moment in the brace hinge from the total internal knee-
extension moment throughout the range of motion. The
derived value represented the extension moment (or extension
torque) that the subject (rather than the brace) produced to
control knee flexion.

Statistical Analysis

The dependent variables were a percentage of maximum
EMG activity of each of the 3 muscles. We used the Statistical
Package for the Social Sciences (version 10.0; SPSS Inc, Chi-
cago, IL) to compute separate, repeated-measures analyses of
variance with 2 within-subjects variables: brace condition (no
brace or low-, medium-, or high-resistance brace) and phase
of the step-down (descending, ascending) for each of the mus-
cles. Additional repeated-measures analyses of variance with
one within-subjects variable (brace condition) were calculated
for peak knee-flexion angle during stance and internal knee-
flexion moment. One subject’s kinetic data were not used for
technical reasons. The significance level was preset at 0.05 for
all analyses, and Tukey post hoc testing was used to identify
specific significant relationships.

RESULTS

No significant interactions were noted between brace setting
and phase for the VMO or VL. There was, however, a signif-
icant main effect of brace setting for both the VMO (F3,51 5
7.115, P , .0005; Figure 3) and VL (F3,51 5 5.470, P 5 .002;
Figure 4). The VMO activity at the low- and medium-resis-
tance settings was significantly lower than with the no-brace
condition, and VL activity while wearing the brace with me-
dium resistance was significantly less than under the no-brace
condition.

Regardless of brace setting, the muscle activity in the de-
scending phase of the exercise was less than that during the
ascending phase for both the VMO (F1,17 5 11.775, P 5 .003)
and VL (F1,17 5 37.241, P , .0005; Figures 3 and 4).
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Figure 3. Normalized vastus medialis obliquus activity. *Main effect
for phase: independent of brace setting, electromyographic activ-
ity (EMG) for the descending phase was significantly less than the
ascending phase (P , .05). †Main effect of brace setting: indepen-
dent of phase, EMG activity for the low-resistance and medium-
resistance brace settings was significantly less than under the no-
brace condition (P , .05). VMO indicates vastus medial obliquus
muscle; MVIC, maximum voluntary isometric contraction.

Figure 4. Normalized vastus lateralis activity. *Main effect for
phase: independent of brace setting, electromyographic (EMG) ac-
tivity in the descending phase was significantly less than in the
ascending phase (P , .05). †Main effect of brace setting: indepen-
dent of phase, EMG activity at the medium-resistance brace setting
was significantly less than under the no-brace condition (P , .05).
MVIC indicates maximum voluntary isometric contraction.

Figure 5. Normalized rectus femoris activity. *Electromyographic
(EMG) activity in the descending phase at the medium- and high-
resistance settings was significantly less than at the low-resis-
tance setting (P , .05). †EMG activity at the high-resistance setting
in the descending phase was significantly less than with the no-
brace condition (P , .05). ‡In the ascending phase, activity at the
low-resistance setting was significantly less than when the brace
was not worn. MVIC indicates maximum voluntary isometric con-
traction.

Figure 6. Knee-flexion angle at each brace condition. *Knee-flexion
angle at the medium- and high-resistance brace settings was sig-
nificantly less than under the no-brace condition (P . .05). †Knee-
flexion angle at the high-resistance brace setting was significantly
less than at the low-resistance setting (P , .05).The interaction between brace setting and phase of the step-

down for RF activity was significant (F3,51 5 4.518, P 5
.007). Activity in the descending phase with the brace at the
medium and high settings was less than at the low setting
(Figure 5). The high setting also resulted in significantly less
activity than when the brace was not worn. In the ascending
phase, activity at low resistance was significantly less than
when the brace was not worn (Tukey post hoc testing, P ,
.05).

Significant differences in knee flexion during stance (F3,27
5 8.072, P 5 .001) and knee-extension moment between
brace conditions (F3,24 5 6.693, P 5 .002) were seen. Knee
flexion at medium or high resistance was significantly less than
when subjects did not wear the brace (Figure 6). Knee flexion
at high resistance was also significantly less that at low resis-
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Figure 7. Knee-extension moment at each brace condition. *Sig-
nificantly less knee-extension moment with the medium-resistance
brace than with either the low-resistance brace or no brace (P ,
.05). †Significantly less knee-extension moment than with all other
conditions (P . .05).

tance. The subjects’ knee-extension moments were signifi-
cantly lower at high resistance, compared with all other con-
ditions (Figure 7). The medium-resistance setting also resulted
in subjects producing less knee-extension moment than they
did in the unbraced or low-resistance conditions.(Tukey post
hoc testing, P , .05).

DISCUSSION

Knee flexion during a closed kinetic chain task is controlled
primarily by the quadriceps producing a knee-extension mo-
ment. The hinge in the Protonics brace is designed to resist
flexion with a variable resistance setting. Our results support
our initial hypothesis. When worn during a closed kinetic
chain task, the brace resists flexion about the knee and there-
fore assists the quadriceps in controlling knee flexion. Our
study has demonstrated that increasing resistance in the brace
does decrease knee-flexion angle and knee-extension moment
during the stance phase of stair descent. Furthermore, quad-
riceps activity is significantly decreased when wearing the
brace with some level of resistance during a closed kinetic
chain knee-flexion exercise, and this may result in a decreased
patellofemoral joint reaction force. Thus, the brace does un-
load the quadriceps in healthy subjects.

Although an overall trend was shown in decreased VMO
and VL activity as brace resistance increased, muscle activity
with the brace at the high setting did not differ. One possible
explanation for this is that the high resistance increased the
difficulty of the task, which may have increased the variability
in how the subjects performed the task. A second explanation
may be that, even though muscle activity in the descending
phase at the high setting decreased, muscle activity increased
slightly in the ascending phase. This may have suppressed the

main effect of brace setting at high resistance. The VMO and
VL activity was lower in the ascending phase than in the de-
scending phase.

The RF exhibited activation patterns similar to the VMO
and VL. Consistent with the other muscles, RF activity in the
descending phase was lower than that during the ascending
phase in all conditions except the low setting. Why a differ-
ence in phases existed at the low setting for the other muscles
but not for the RF is unclear. However, the standard deviations
for the RF were almost twice those of the VMO and VL,
which may explain the unusual findings. Increased variance
may be attributed to the fact that the RF is a biarticular muscle,
and its action at the hip and knee would be reflected in the
muscle activity.

Authors of other EMG studies of quadriceps activity during
the lateral step-down reported similar magnitudes of normal-
ized EMG to those we found.19,20 The current finding of the
eccentric, or descending, phase producing less VMO and VL
activity than the concentric, or ascending, phase is supported
by the previous literature.20–22 Because less torque must be
generated during the descending phase and because muscle
fibers produce stronger contractions eccentrically, fewer fibers
are activated during this phase of the step-down.

In the only published study examining EMG activity in sub-
jects wearing the Protonics brace, Diaz et al23 examined lower
extremity muscle activity during gait in normal subjects. At
the time of their study, the brace had settings that resisted both
flexion and extension. The hypothesis that increasing ham-
strings activity would result from resistance to flexion was
rejected when the authors found that even at the highest re-
sistance setting, hamstrings activity was not significantly in-
creased during gait. Unlike our findings, quadriceps activity
was unchanged when the brace was set to resist flexion.23 The
demand on the quadriceps during a step-down is much greater
than during level walking and may explain why the quadri-
ceps-unloading effect was not seen during level walking.

The reduced knee flexion we observed is a clinically sig-
nificant finding because it is a primary determinant of the pa-
tellofemoral joint reaction force, which has been related to
PFPS.24 This may be beneficial for a patient with PFPS in the
acute stages, when little exercise is tolerated because of pain.
On the contrary, this finding indicates that the brace may cause
changes in movement patterns that may produce detrimental
effects in the future. Similar research on the effects of func-
tional knee braces in healthy subjects has proven useful in
understanding gait and muscular alterations seen in individuals
with anterior cruciate ligament reconstructions.25

Although the internal knee-extension moment is not a direct
measure of quadriceps force, the quadriceps are the major con-
tributor to the knee-extension moment. If we assume that the
passive knee-extension moments caused by skin and other
connective tissues are negligible, we can conclude that the
decrease in knee-extension moment is the result of less quad-
riceps force.

The combination of the EMG, kinematic, and kinetic results
provides strong evidence that the Protonics brace unloads the
quadriceps. This unloading is likely to decrease patellofemoral
joint reaction force, although we did not measure this value
directly. A limitation of the study is that the EMG and bio-
mechanical data could not be collected simultaneously because
of difficulties encountered in securing the electrodes, marker
clusters, and brace at the same time. We felt that examining
both the lateral step-down, which is used clinically, and a com-
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mon activity such as stair descent provided more insight into
how the brace affected the extensor mechanism. Although
healthy subjects were tested, it is reasonable to assume that
the brace would mechanically affect subjects with PFPS the
same way, and we will investigate this assumption in a future
study. However, we feel that quadriceps unloading may ex-
plain why the brace causes immediate pain relief in patients
with PFPS.

CONCLUSIONS

We did not address the theories about the relationship be-
tween abnormal pelvic rotation and PFPS described by the
Protonics manufacturer. Our findings have, however, added to
the clinical and scientific knowledge by demonstrating that
wearing the Protonics brace with some resistance during a
closed kinetic chain task decreases the muscular activity of the
VMO, VL, and RF in healthy individuals. These results
strongly suggest that the brace unloads the quadriceps muscle,
which may reduce patellofemoral joint reaction forces through
a functional range of motion, thereby explaining why patients
feel immediate relief when the brace is applied. More research
is needed to understand how the brace affects patients with
PFPS and the long-term effects of Protonics use in these pa-
tients.
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