HAMSTRINGS ACTIVITY DURING KNEE EXTENSOR STRENGTH
TESTING: EFFECTS OF BURST SUPERIMPOSITION
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ABSTRACT

Quadriceps muscle strength is often used as a
criterion for functional progression and return to
activity after knee joint injury or surgery. Previous
research has demonstrated that noteworthy antago-
nist activity is present during knee strength testing.
The countermoment associated with this antagonist
muscle activity may lead to an underestimation of
knee strength. The burst superimposition method
of strength testing is considered by some to be the
current gold standard. The effect of burst super-
imposition on antagonist activity is unknown. The
purpose of this study was to test the hypothesis
that burst superimposition diminishes antagonistic
hamstrings activity during knee extensor strength
testing. Isometric knee strength testing was per-
formed in 22 (11 males, 11 females) active young
people with no history of serious lower extremity
injuries using the burst superimposition method.
The magnitude of hamstrings muscle activity was
assessed just before and after burst superimposi-
tion. Contrary to our hypothesis, a small, but sta-
tistically significant increase in antagonistic medial
hamstrings activity was observed with burst su-
perimposition (7.23 vs. 9.62; P < 0.001). Higher
lateral hamstrings activity was also observed, but
this did not reach statistical significance (15.03 vs.
13.50; P = 0.087). Though statistically significant,
the small increase in hamstrings activity is unlikely
to be clinically meaningful.
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INTRODUCTION

A primary goal of rehabilitation after knee joint injury
or surgery is to safely return individuals to activities they
desire to participate in. Quadriceps muscle strength has
been shown to correlate strongly with knee function and
is postulated to be a critical factor in knee joint health."
Accordingly, clinicians often use quadriceps muscle
strength as a criterion for return to activity, especially
sports participation. Research from our lab and that of
others has shown that noteworthy antagonist muscle
activity is present during knee strength testing.®® This
antagonist muscle activity may be problematic as the
associated moments may lead to measurement error
resulting in an underestimation of the knee strength,
which could impact clinical decision making.

Muscle force generation capacity is a product of both
the size of a muscle’s fibers and the ability to fully ac-
tivate the fibers within a muscle. Traditional isokinetic,
isometric, and isotonic strength testing provide meaning-
ful information about one’s ability to voluntarily produce
joint torque, but may underestimate the true strength of
a muscle group due to the inability of these methods to
account for activation failure. For this reason, scientists
interested in quantifying knee extensor strength often
superimpose an electrical stimulus on the quadriceps
muscle during maximal voluntary contraction (burst
superimposition or twitch interpolation method) to obtain
a more complete picture of strength.>>*! If the muscle is
fully activated the superimposed electrical stimulus will
not augment torque, whereas when activation failure is
present the supramaximal electrical stimulus will cause
the inactive muscle to become active resulting in a
torque increment (Figure 1).1"® Thus, burst superimposi-
tion and twitch interpolation methods allow assessment
of voluntary strength, activation failure, and theoretically,
true muscle strength. Consequently, this approach is
considered by many to be the current “gold standard”
for assessing knee extensor strength. The effect of burst
superimposition on antagonistic hamstrings muscle activ-
ity during knee extensor strength testing is unknown.
There is evidence that peripheral electric stimulation
can affect spinal and cortical excitability." Hence, it is
reasonable that the burst superimposition method of
strength testing may alter antagonistic muscle activity
and thereby affect the accuracy of strength testing. The
purpose of this study was to evaluate the effect of burst
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Figure 1. Schematic representation of the burst interpolated twitch
technique. Incomplete activation of the quadriceps muscle is visual-
ized by the increment in torque associated with the superimposed
pulse train. Voluntary activation failure of the quadriceps muscle
is estimated by expressing the stimulus evoked torque during con-
traction as a percentage of stimulus evoked torque during rest (a =
torque evoked due to the superimposition of the electrical pulses,
b = voluntary torque just prior to the stimulus, and ¢ = torque pro-
duced by the pulse train at rest).

superimposition on antagonistic hamstrings muscle activ-
ity during isometric knee extensor strength testing. We
hypothesized that burst superimposition would decrease
antagonistic hamstrings muscle activity.

METHODS

Twenty-two (11 males, 11 females) uninjured young
people volunteered to participate in this study. All sub-
jects were regular participants in fitness activities or
sports (Tegner Activity Score > 4)." Exclusion criteria
included a history of significant lower extremity muscle
injury, major knee ligament injury, signs and symptoms
of patellofemoral joint dysfunction, abnormal KT-2000™
evaluation (> 3 mm side-to-side difference in laxity), his-
tory of lower extremity surgery, lower extremity nerve
injuries, or an abnormal gait pattern. Subjects were
asked to refrain from any strenuous physical activity
for 24 hours prior to participation. All subjects provided
written informed consent that was approved by the Uni-
versity of lowa Human Subjects Research Institutional
Review Board prior to their participation.

TESTING PROCEDURES
Subjects performed a five minute warm-up on a cycle
ergometer followed by self-directed stretching of the
quadriceps, hamstrings, and gastrocnemius muscles
prior to testing. The order of limb testing was random-
ized a priori using a computer-based random number
generator in order to minimize any effects associated
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Figure 2. Experimental setup to evaluate the effects of burst superim-
position on hamstrings muscle activity. Subject positioned for testing
(hip at ~ 90° of flexion and knee at 60° of flexion) with stimulation
electrodes on the quadriceps muscles and surface EMG electrodes
on the medial and lateral hamstrings muscles.

with the order of testing. Electromyographic preampli-
fiers (model 544, Therapeutic Unlimited, lowa City, 1A,
35x differential gain, 87 dB common-mode rejection at
60 Hz, input impedance > 25 MQ, noise < 2 pV RMS)
were applied over the bellies of the semitendinosus and
biceps femoris longus muscles. Electrode placements
were standardized according to the recommendations
of Perotto.!® Self-adhesive stimulating electrodes (2.75 x
5.00 inches, Dura-Stick II, Chattanooga Group, Hixson,
TN, USA) were placed over the proximal and distal
surface of the quadriceps muscles and connected to a
high voltage constant current stimulator (model DS7AH,
Digitimer Ltd., Hertfordshire, England) that was used to
provide electrical stimuli during testing. Subjects sat on
a small platform placed on the HUMAC NORM Testing
and Rehabilitation System’s (Computer Sports Medicine,
Inc., Stoughton, MA, USA) chair during testing in order
to limit noise associated with pressure on the EMG
preamplifers. Subjects were tightly secured to the test
system’s chair using a waist strap, chest straps, and a
thigh strap according to the manufacturer’s guidelines.
The lateral epicondyle of the femur (theoretical axis of
motion) was aligned with the axis of the dynamometer
(Figure 2). The knee was positioned in 60° of flexion
and the hip in 90° of flexion. The test system’s torque
arm pad was fixed to the shank approximately 7.5 cm
proximal to the medial malleolus.

In preparation for testing, brief electrical pulses of
submaximal intensity were then delivered to familiarize
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the subjects to the electrical pulses. The intensity of
electrical stimuli used during testing was determined
while the subjects were seated at rest by sequentially
stimulating the quadriceps muscle with pulse trains (10-
pulses, frequency:100 Hz, pulse duration: 200 us, 400V)
in current steps of 100 mA until the torque associated
with the stimulation-induced contractions no longer
increased, but decreased. Current was then reduced by
50 mA and a final stimulus was provided. The current
that produced the greatest torque was selected for use
during testing.

Four submaximal isometric knee extension and
flexion trials (approximately 50% to 85% maximum ef-
fort) and one five second maximal voluntary isometric
contraction (MVIC) were then performed to familiarize
the subjects with performing the isometric test and po-
tentiate their quadriceps muscles. Just prior to maximal
testing, three baseline EMG recordings were obtained
while subjects sat at rest. The results of these trials were
later used to remove baseline noise from the signals in
post-processing. After a two minute rest period, subjects
performed three knee extensor and three knee flexor
MVICs (five second duration) in an alternating order.
Loud verbal encouragement and visual feedback of the
real-time torque was provided during maximal contrac-
tions to facilitate maximal effort. Approximately three
seconds after the onset of each MVIC trial, a supramaxi-
mal train of electrical pulses at the predetermined stimu-
lus intensity was superimposed on the subject’s maximal
effort. Each maximal trial in extension or flexion was
separated by three minutes to minimize fatigue. When
testing was completed on the first side, subjects were
positioned for testing of the opposite side. The testing
procedures for the opposite leg were identical to those
used when testing the first side.

DATA MANAGEMENT AND ANALYSIS

A custom-written LabVIEW program (version 7.0,
National Instruments Corporation, Austin, TX, USA)
was used to trigger the stimulator and collect EMG and
torque data during testing. The EMG signals were low
pass filtered at 500 Hz using an 8" order analog But-
terworth filter and torque signals were low pass filtered
at 4 Hz using a 3 order analog Butterworth filter. All
signals were sampled at 1000 Hz. Torque signals were
converted to torque values (N-m) using calibrated con-
version factors that were validated onsite prior to testing.
After removing the recorded baseline values, the EMG
signals were full-wave rectified. The average hamstrings
muscle activities observed in the 200 ms epoch immedi-
ately prior to and after burst superimposition were used
in analysis. Hamstrings activity during knee extension
trials was normalized using the average hamstrings activ-
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TABLE 1. Subject Demographics

Variable Female Male P Value
Age 24.36 £ 2.84 24.00 £ 2.19 0.74
Height 1.65 + 0.06 1.80 + 0.07 <0.001*
Weight 63.63 + 4.96 80.24 + 8.40 <0.001*
BMI 23.20 +2.17 24.57 +2.20 0.157

Tegner
Score 6.00 + 1.00 6.45 0.69 0.229

ity recorded during the 200 ms epoch preceding peak
torque in the maximal knee flexion trials. The average
of the values recorded during the three test trials was
used in analysis. Quadriceps voluntary activation was
determined for each leg using the following formula:

_ StimulationInduced Torque duringMVIC
StimulationInduced Torque at Rest

% Activation = [1 } x100

All statistical analyses were performed using SPSS
for Windows version 15.0 (SPSS Inc., Chicago, IL,
USA). Descriptive statistics were calculated for subject
demographics, voluntary activation values, and ham-
strings activity during knee extension. Gender, time
epoch (before and after stimulation), and side were the
independent variables. Quadriceps voluntary activation
values and magnitude of medial and lateral hamstrings
activity were the dependent variables. A one-way analysis
of variance (ANOVA) was used to assess differences in
demographics by sex. Repeated measures ANOVA with
two within-subjects factors (time, side) and one between-
subjects factor (sex) was used to evaluate the effects of
burst superimposition on the hamstrings muscle activity.
Repeated measures ANOVA with side as within-subjects
factor and sex as a between-subjects factor was used to
evaluate side-to-side and sex differences in the estimates
of voluntary activation. A significance level of o = 0.05
was set for all statistical analyses.

RESULTS

As expected males and females differed significantly
in their height and weight; their age and activity-level
were similar, however (Table 1). The mean estimates
of voluntary activation of the quadriceps muscles were
similar by sex (P = 0.353, Figure 3). No side-to-side dif-
ferences in voluntary activation values were observed
(P = 0.318, Figure 3). Burst superimposition did not
reduce the magnitude of antagonistic hamstrings muscle
activity observed (Figure 4). Conversely, antagonistic
medial hamstrings activity was significantly higher after
burst superimposition (P < 0.001, Figure 5). Antagonistic
lateral hamstrings activity was also higher after burst
superimposition, but did not reach statistical significance
(P =0.087, Figure 5).
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Figure 3. Mean estimates of voluntary activation of the quadriceps
muscles for both sides in males and females. There was no significant
difference in voluntary activation values between sides or across
sexes. Error bars represent the standard error of the mean.

DISCUSSION

The aim of this study was to evaluate the effects of
the burst superimposition method of knee extensor
strength testing on hamstrings muscle activity during
testing. Consistent with previous findings, noteworthy
hamstrings activity was observed during voluntary
knee extensor MVICs.%!” Males and females were able
to activate their quadriceps muscles to a similar extent.
This finding and the mean voluntary activation values
obtained using the burst interpolated twitch technique
are consistent with those reported in the literature.'®1°
The results of the study indicate that hamstrings activ-
ity is not minimized in burst superimposition strength
testing. Contrary to our hypothesis, we observed a small
(approximately 2%), but statistically significant increase
in hamstrings activity with burst superimposition. A prac-
tical mathematical model previously described in work
from our laboratory predicted that the small increase
in hamstrings activity after burst superimposition only
increases the error in strength testing by approximately
0.84%.% Hence, we do not believe that the small increase
in antagonist activity is clinically meaningful.

Restoring quadriceps muscle strength and function
is a primary focus for patients and therapists after knee
joint injury and surgery. Knee extensor strength tests
are advocated in the clinical management of patients
who sustain serious knee injuries or undergo knee
surgery because a growing body of evidence indicates
that quadriceps strength and control are important to
knee health.?*?' Accordingly, strength testing accuracy
is important. Previous research from our laboratory
and other researchers suggests that antagonist activ-
ity is a source of measurement error in knee strength
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Figure 4. Example of the hamstrings activity during burst superim-
position knee extensor strength testing (red) overlaid on hamstrings
activity collected during a maximal isometric knee flexion testing
(black) from a subject tested in this study. Arrows indicate the time
of burst superimposition. MH = medial hamstrings, LH = lateral
hamstrings, ant activity = antagonist activity, & ago activity = agonist
activity.

testing.5%1” Minimizing antagonist activity, therefore,
may lead to more accurate strength tests. We hypoth-
esized that superimposing an electrical stimulus on the
quadriceps MVIC, a method already considered to be
the “gold-standard” for knee strength testing by some,
may reduce antagonistic hamstrings activity based on
evidence that cortical reciprocal inhibition (reduced
cortical excitability of antagonist muscles) occurs with
peripheral electrical stimulation.’ Our results, however,
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Figure 5. Mean antagonist activity of the medial (MH) and lateral
(LH) hamstrings muscles during the 200 ms epoch immediately
before and after burst superimposition during maximal isometric
knee extensor strength testing.

indicate that hamstrings activity increased to a small
degree.

There are several possible explanations for the ob-
served increase in hamstrings activity with burst super-
imposition. It is plausible that the sudden increase in the
rate of motor unit discharge with burst superimposition
excited Renshaw cells and resulted reciprocal excitation
as Renshaw cells are known to have an inhibitory effect
on Ia inhibitory interneurons that mediate reciprocal
inhibition.?? Another possible explanation relates to the
so-called “common drive phenomenon”, which states
that the agonist and antagonist motor neuron pools are
governed as if they belong to the same motor neuron
pool.2 Accordingly, the increased activation of quadri-
ceps muscle with burst superimposition may have lead
to a parallel increase in antagonist hamstrings muscle
activity. The rather small increase in hamstrings activ-
ity after burst superimposition is likely due to the fact
that most of our subjects had near complete quadriceps
activation (Figure 3). One of the limitations of this study
is that we are unable to evaluate muscle activity during
the period when the burst was being delivered due to
the large stimulus artifact associated with the pulse train
(Figure 4). It is possible that there was a brief, but signifi-
cant increase in hamstrings activity as a result of volume
conduction of the pulse train during this epoch. Such an
increase in hamstrings activity could have potentiated
and increased the excitability of the hamstrings motor
neurons. Finally, it is possible that the increase in knee
extensor torque resulting from burst superimposition
increased the strain in the connective tissues of the knee
and thereby provoked reflexive hamstrings excitation.
Though plausible, we believe that this mechanism is
unlikely when the magnitude of change in knee extensor
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torque, the hamstrings activity patterns, and the angle
of testing are considered.

It should be noted that a selection bias was introduced
by only including active young people with no history of
serious lower extremity injuries. We selected this popu-
lation because prior research had clearly demonstrated
that noteworthy antagonistic hamstrings activity could
be expected in active young people. The population used,
therefore, was appropriate for our research question. We
excluded people with a history of knee injuries because
we believe it was advantageous to minimize the potential
confounding effects and the variability associated with
strength testing after injury. Yet, we acknowledge that
the generalizability of the results was limited by using
this approach.

CONCLUSION

Our results indicate that the burst superimposition
knee extensor strength testing method results in a
small increase in hamstrings activity rather than more
complete reciprocal inhibition. This increased antago-
nistic activity, however, is not believed to be clinically
meaningful as practical mathematical modeling suggests
the associated error is approximately 1%.
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