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Context: A neuromuscular relationship exists between the
lumbar extensor and quadriceps muscles during fatiguing ex-
ercise. However, this relationship may be different for persons
with low back pain (LBP).

Objective: To compare quadriceps inhibition after isometric,
fatiguing lumbar extension exercise between persons with a
history of LBP and control subjects.

Design: A 2 X 3 factorial, repeated-measures, time-series
design with independent variables of group (persons with a his-
tory of LBP, controls) and time (baseline, postexercise set 1,
postexercise set 2).

Setting: University research laboratory.

Patients or Other Participants: Twenty-five subjects with a
history of LBP were matched by sex, height, and mass to 25
healthy control subjects.

Intervention(s): Electromyography median frequency in-
dexed lumbar paraspinal muscular fatigue while subjects per-
formed 2 sets of isometric lumbar extension exercise. Subjects
exercised until a 15% downward shift in median frequency for

the first set and a 25% shift for the second set were demon-
strated.

Main Outcome Measure(s): Knee extension force was mea-
sured while subjects performed an isometric maximal quadri-
ceps contraction. During this maximal effort, a percutaneous
electric stimulus was applied to the quadriceps, causing a tran-
sient, supramaximal increase in force output. We used the ratio
between the 2 forces to estimate quadriceps inhibition. Quad-
riceps electromyographic activity was recorded during the max-
imal contractions to compare median frequencies over time.

Results: Both groups exhibited significantly increased quad-
riceps inhibition after the first (12.6% * 10.0%, P < .001) and
second (15.2% = 9.7%, P < .001) exercise sets compared with
baseline (9.6% =+ 9.3%). However, quadriceps inhibition was
not different between groups.

Conclusions: Persons with a history of LBP do not appear
to be any more or less vulnerable to quadriceps inhibition after
fatiguing lumbar extension exercise.
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uscle inhibition describes the failure to completely
Mactivate all motor units in a given motor neuron

pool. Muscle inhibition is an important component
of motor control during human movement and is vital for
proper functioning.! Although inhibition of a healthy muscle
is a normal finding, activation failure in undamaged muscles
can occur after muscle fatigue? or joint injury.3-® Quadriceps
inhibition (QI) may be present in persons with knee injuries
such as patellofemoral joint pain? or osteoarthritis® and is
correlated with reduced knee extension strength.* In theory,
inadequate quadriceps strength resulting in altered gait® may
lead to degenerative joint injury*® because altered gait pat-
terns may expose the knee joint surfaces to abnormal forc-
es.!9 However, this relationship is not yet clearly understood.
Investigating possible sources of inhibition in patient popu-
lations may provide a better understanding of the lower ex-

tremity overuse or degenerative joint injuries that may result
from QI.

Persons with chronic low back pain (LBP) commonly ex-
hibit weak!! or unbalanced!? trunk muscles and tend to ex-
perience a quicker rate of fatigue during sustained lumbar ex-
tension exercise.!3 This muscular deficiency may impose
lower extremity muscular adaptations during fatiguing exercise
to maintain stability and preserve normal function. Recently,
wel4 observed more QI after fatiguing lumbar extension ex-
ercise in 16 persons with healthy knees, indicating that the
quadriceps may be adapting in response to lumbar paraspinal
fatigue. Understanding the neuromuscular relationship be-
tween the quadriceps and lumbar paraspinal muscles will help
us learn more about a possible source of QI during fatiguing
exercise, which may be different in persons with a history of
LBP (HXLBP).!* However, more research in a larger group of
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individuals with more severe low back injury will help us
learn more about how persons with LBP adapt during fatigu-
ing exercise.

Our purpose was to compare QI in persons with a history
of repeated LBP episodes and control subjects after fatiguing
lumbar paraspinal exercise.

METHODS

This study consisted of a 2 X 3 factorial, repeated-measures,
time-series design with a static group comparison. The inde-
pendent variables were time (baseline, postexercise set 1, or
postexercise set 2) and group (history of LBP or control). The
dependent variables were percentage of QI and quadriceps
electromyography (EMG) median frequency (MedF).

Subjects

Twenty-five subjects with HXLBP (13 women: age = 21.7
* 1.9 years, height = 169.0 = 7.1 cm, mass = 64.6 = 6.8
kg; 12 men: age = 22.8 = 3.5 years, height = 180.2 = 6.6
cm, mass = 80.5 = 8.3 kg) were matched by sex, height, and
mass with 25 control subjects (13 women: age = 20.9 = 1.5
years, height = 171.4 = 6.3 cm, mass = 64.2 = 7.5 kg; 12
men: age = 23.8 = 3.5 years, height = 181.8 = 6.7 cm, mass
= 79.9 = 11.7 kg). All subjects voluntarily participated after
they read and signed an informed consent form. This study
was approved by our university’s institutional review board.

All subjects were recreationally active (exercised at least 3
days per week for at least 30 minutes per session) and reported
no current knee pain or LBP. Subjects also reported no hip,
knee, or ankle injury within the past 6 months and had never
had surgery to any lower extremity joint. The HXLBP group
consisted of subjects who reported at least 3 episodes of LBP
in the past 3 years or 5 episodes in their lifetime. We defined
an episode of LBP as being sufficient to cause modification
or limitations in daily activities. Subjects in the HXLBP group
had no pain during data collection and reported no known
history of spinal fracture, disc injury, tumor, or lower extrem-
ity radicular symptoms. Subjects in the control group had nev-
er experienced LBP.

Instruments

Knee extension force was measured with a dynamometer
(System 3 No. 900-550; Biodex Medical Systems, Inc, Shirley,
NY). Signals from the dynamometer were exported from a
remote access port and digitized at 125 Hz (MP150; Biopac
Systems, Inc, Goleta, CA).

The S88 dual-output square-pulse stimulator with the
SIUST transformer stimulus isolation unit (Grass-Telefactor,
West Warwick, RI) was used to deliver a 100-millisecond train
of 10 square-wave pulses at an intensity of 125 V. Individual
pulse duration was 600 ws delivered at a carrier frequency of
100 pulses per second.

Electric activity in the lumbar paraspinal and quadriceps
muscles was collected with surface EMG. Signals were am-
plified with a high-gain, differential-input biopotential ampli-
fier with a gain of 1000 and digitized with a 16-bit data ac-
quisition system (Biopac Systems) at 2000 Hz with a
common-mode rejection ratio of 110 dB, an input impedance
of 1.0 M(), and a noise voltage of 0.2 nV.

Procedures

Before data collection, we screened subjects for LBP history
in order to assign them to the appropriate group. After screen-
ing, a physical examination was performed by an experienced,
licensed, and certified athletic trainer (J.M.H.). Subjects were
excluded if they exhibited any of the following: bilateral asym-
metry of dermatomes, myotomes, or deep tendon reflexes; in-
tolerable pain (pain score of >3 on a scale of 10) with stand-
ing lumbar extension; inability to extend the spine at least 15°;
or positive straight-leg test (pain, numbness).

We first prepared the skin at the EMG electrode placement
sites. The skin was shaved, lightly debrided with fine sand-
paper, and cleaned thoroughly with isopropyl alcohol. Self-
adhesive, round (35-mm), pregelled Ag-AgCl surface elec-
trodes were placed at the vastus lateralis (10 cm proximal to
the patella base) and lumbar paraspinal muscles (L4-L5 level).
A pair of EMG electrodes was placed parallel to the muscle
fiber orientation (interelectrode distance of approximately 2
cm) at each site over active muscle, verified by palpation dur-
ing active contraction. A ground electrode was placed on the
anterior mid-tibia.

Two 8 X 14-cm rubber stimulating electrodes coated with
aqueous conductive gel were secured to the proximal-lateral
and distal-medial thigh with a compression wrap. Then sub-
jects were securely positioned for baseline assessment of QI
(Figure 1).

Quadriceps Inhibition

Quadriceps inhibition was measured using the superimposed
burst technique.>!3-1¢ Baseline QI was measured before and
immediately after each lumbar paraspinal fatiguing exercise
set. During QI measurements, subjects performed a maximal
voluntary isometric contraction (MVIC) using their knee ex-
tensors while receiving continuous verbal encouragement from
the tester. Once the MVIC reached a plateau (representing the
subject’s maximal effort), an electric stimulus was manually
triggered and was delivered directly to the quadriceps through
the stimulating electrodes. The superimposed stimulus is the-
oretically intended to recruit all motor units in the quadriceps
motor neuron pool, thus causing a transient increase of force,
called a superimposed burst (SB), over the MVIC force (Fig-
ure 2). We averaged 3 trials at each time. A ratio between the
mean MVIC force value for a 100-millisecond period imme-
diately before the stimulation and the peak superimposed burst
force was used to calculate the percentage of QI:

QI = 1 = (Fyvic/Pmvicsss)

This ratio is similar to formulae used previously to describe
the extent of QI>!6-18 The QI values are presented as per-
centages and indicate the percentage of the subject’s quadri-
ceps motor neuron pool that cannot be voluntarily activated.

We collected the EMG activity from the vastus lateralis dur-
ing each quadriceps MVIC while measuring QI in order to
calculate MedF as an index of muscular fatigue that possibly
resulted from repeated maximal contractions.

After the baseline measure of QI, subjects moved to a lum-
bar extension machine (Figure 3), where they performed a set
of lumbar extension exercises and then moved back to the
dynamometer chair for a postexercise QI measure. Quadriceps
inhibition was measured again after the second lumbar-exten-
sion exercise set.
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Figure 1. Subject setup for measuring knee extension force. (Re-
printed with permission from Hart JM, Kerrigan DC, Fritz JM, Saliba
EN, Gansneder BM, Ingersoll CD. Contribution of hamstring fatigue
to quadriceps inhibition following lumbar extension exercise. J
Sport Sci Med. 2006;5:70-79.)
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Figure 2. Sample tracing of force and electromyographic activity
measured during the superimposed burst (SB) technique, with la-
bels showing maximal voluntary isometric contraction (MVIC) and
SB force components of the curve.

Figure 3. A subject performing fatiguing lumbar extension exer-
cise.

Lumbar Paraspinal Fatiguing Exercise

Subjects were positioned prone in a lumbar extension ma-
chine (see Figure 3), where they were instructed to perform
repeated 10-second periods of gravity-resisted isometric con-
tractions, followed by a 10-second rest. Subjects were verbally
encouraged to keep the position of the upper torso parallel to
the floor during all contractions. Activity of the right-side lum-
bar paraspinal muscles was recorded during each active rep-
etition and analyzed to calculate the MedE We were able to
calculate the MedF from each repetition using a method de-
scribed previously.!4 Baseline MedF was established during
the first repetition. Subjects continued the repeated 10-second
isometric contractions until an approximate 15% reduction in
MedF from baseline was observed. Similarly, the second ex-
ercise set ended once a reduction of approximately 25% in
MedF was observed. For example, if the baseline MedF was
100 Hz, then the subject was instructed to stop the exercise
set once the MedF from a repetition fell to approximately 85
Hz for the first exercise set and 75 Hz for the second set. We
chose the MedF shifts of 15% and 25% to represent mild and
moderate levels of fatigue, respectively, in the lumbar para-
spinal muscles.

Exercise sets also ended if a subject was unable to continue
as a result of intolerable fatigue. If a subject experienced pain
in the lumbar or sacroiliac area, the session was ended and the
data were discarded.

For the lumbar paraspinal MedF calculations, 1-second clips
of raw signal were band-pass filtered (10-500 Hz) and decom-
posed into the frequency domain through a fast Fourier trans-
form with Hamming window. For the quadriceps MedF cal-
culations, we selected 200 milliseconds of raw EMG signal
while subjects performed MVICs that corresponded to the
same time epoch used to record MVIC force for QI calcula-
tions. Raw EMG signal was band-pass filtered (10-500 Hz)
and decomposed into the frequency domain through a fast
Fourier transform with Hamming window. The MedF changes
are calculated as a percentage shift from baseline, with nega-
tive values indicating a leftward (decreasing MedF) shift in
the skewness of the frequency spectrum and positive values
indicating a rightward (increasing MedF) shift.
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Quadriceps Inhibition and Changes in Lumbar Paraspinal Muscle Median Frequency

Control Group History of Low Back Pain Group Total
Mean SD Mean SD Mean SD
Baseline quadriceps inhibition, % 9.92 9.37 9.27 9.40 9.59 9.29
Postset 1 quadriceps inhibition, % 13.38 9.80 11.91 10.28 12.64 9.97
Postset 2 quadriceps inhibition, % 16.26 9.85 14.20 9.73 15.23 9.74
Set 1 ALPyeqe, %* -17.10 5.69 —-16.61 5.63 —-16.86 5.61
Set 2 ALP g, %71 —24.82 8.37 —-23.72 5.84 —24.27 7.16

*Set 1 ALP,,.qr indicates change in median frequency of the lumbar paraspinal muscles during the first exercise set.
1Set 2 ALP,,. indicates change in median frequency of the lumbar paraspinal muscles during the second exercise set.

Statistical Analysis

A 2 X 3 mixed-model analysis of variance was used to
assess the effects of group and time and the interaction of these
factors on QI. Simple contrast testing was performed post hoc
to locate specific group differences after a significant main
effect. Between-group comparisons of QI were made. We also
calculated a 1 X 3 analysis of variance with repeated measures
on time to compare the quadriceps’ MedF during MVICs
while measuring QI.

All statistical analyses were performed with the SPSS sta-
tistical package (version 12.0; SPSS Inc, Chicago, IL). The
a priori alpha level was P = .05 for all statistical tests.

RESULTS

We noted no group X time interaction for QI (F,,¢ = 1.68,
P = 20,72 =003 1— B = .35). However, QI increased
significantly after the first (P < .001) and second (P < .001)
exercise sets compared with baseline (F,96 = 122.25, P <
.001, m% = 0.72) (Table). On average, groups did not exhibit
different QI (F; 434 = 0.25, P = .62, > = 0.01, 1 — B = .08).
Finally, no significant change in quadriceps MedF was seen
over time as a result of multiple MVIC efforts while we mea-
sured QI with the superimposed burst technique (F, 93 = 0.17,
P = 84, m>=0.003,1 — B = .08).

DISCUSSION

In both groups, the quadriceps muscle became more inhib-
ited after fatiguing isometric lumbar paraspinal exercise. These
changes in QI occurred without a significant change in quad-
riceps MedF during MVICs, indicating that subjects were not
experiencing quadriceps fatigue due to multiple MVIC efforts.
Increased QI after lumbar extension exercise is in agreement
with previous findings.!* However, we previously found that
persons with HXLBP exhibited, on average, greater quadriceps
activation (ie, less inhibition). It is important to note that sub-
stantially fewer subjects were included in the previous study,!#
that the inclusion criteria for the HXLBP group were more
liberal, and that 3 exercise sets were performed. In the current
study, we used considerably more subjects, who were included
only if they had previously experienced at least 3 episodes of
LBP. These methodologic differences may account for the con-
flicting results between groups.

In the current study, the quadriceps became about 3% more
inhibited after the first exercise set and about 6% more inhib-
ited after the second set. A person who experiences a 6% in-
crease in QI may be considered to have incomplete quadriceps
activation, despite possibly complete activation before the fa-
tiguing exercise sets. In this study, 83% (19/23) of the subjects

who exhibited complete activation before exercise (ie, <5%
QI)*19:20 showed more than 5% QI after the fatiguing exercise
sets, indicating a change from complete to incomplete quad-
riceps activation that was not due to knee injury or quadriceps
fatigue. This is concerning for persons who have healthy knees
and experience QI. Higher amounts of QI are correlated with
lower quadriceps strength® and may therefore be detrimental
to force attenuation during gait. Excessive QI during pro-
longed exercise may expose the knee joint surfaces to abnor-
mal stresses during gait, possibly resulting in degenerative pro-
cesses and injury.*8-10 Although the relationship between QI
and injury risk remains unclear, we present preliminary data
that describe a potential risk to lower extremity joints, a risk
that needs to be explored further in a functional setting.

The low back may be exposed to excessive forces that are
unabsorbed by weak muscles and transferred through the low-
er extremities during activity.2! Persons with HXLBP com-
monly suffer from hamstring tightness,?>=2* poor spinal flexi-
bility,232* and reduced lumbar lordosis,?? in addition to
weakness and imbalance of the hip musculature.?!-2>-26 The
results of our current study and previous work!# show that the
quadriceps seem to become more inhibited as the lumbar para-
spinal muscles become more fatigued. However, we do not
know from these data whether this relationship exists in a
functional setting. Quadriceps inhibition may be a necessary
adaptation to preserve function during prolonged exercise in
persons who have highly fatigable lumbar paraspinal muscles,
and it may cause further lower extremity neuromuscular re-
organization during exercise or athletic maneuvers that involve
a high demand on the quadriceps.

Quadriceps inhibition may result from muscle or joint dam-
age or a disruption or change in afferent information from the
knee joint capsule,2’-3! leading to progressive or degenerative
conditions of the knee, if mismanaged. The relationship be-
tween the knee extensors and the spine is logical to clinicians,
as it is prudent to evaluate the hips, pelvis, and spine during
a routine physical examination of the knee. However, the neu-
romuscular relationship between the lumbar paraspinal and
knee extensor muscles has not been clearly defined. This re-
lationship was supported by Suter et al,3> who reported re-
duced QI in persons with anterior knee pain after sacroiliac
joint manipulations. This relationship may be mediated by a
change in afferent information due to activation of the sacro-
iliac joint mechanoreceptors and proprioceptors through joint
manipulation.3? Therefore, lower extremity motor neuron ex-
citability changes may result from a change in afferent infor-
mation from the sacroiliac joint capsule. Similarly, changes in
afferent information from the muscle and joint mechanorecep-
tors and proprioceptors in the lumbar spine due to prolonged,
intense fatiguing exercise may affect quadriceps motor neuron
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excitability. Previously, intramuscular pain induced by hyper-
tonic saline injection into the longissimus muscle at the L4
level caused delayed and reduced transverse abdominis muscle
activity during controlled arm movements.33 This finding in-
dicates altered motor control of healthy muscles through al-
tered input from lumbar muscle afferents. The observed
change in quadriceps motor neuron excitability in the current
study makes sense anatomically because afferent nerve fibers
from the mid-lumbar vertebrae, muscles, and joints would en-
ter the spinal cord through the same mixed nerve roots that
contribute to the femoral nerve from the lumbar plexus. In-
formation from lumbar muscle or joint afferents may synapse
with quadriceps efferents or other interneurons in the spinal
cord that control the quadriceps motor neuron pool. The mech-
anism of this relationship may arise from a combination of
muscle and joint afferents; however, the origin of altered af-
ferent information is speculative.

It is also possible that an indirect relationship between the
lumbar paraspinal and quadriceps muscles explains the results
of the current study. Quadriceps inhibition after prone, iso-
metric lumbar extension may be a secondary effect of fatigue
in the extensors of the knee, hip, and spine: namely, the lumbar
paraspinals, gluteals, and hamstrings. Hamstring and gluteal
muscle fatigue contribute to task failure during continuous iso-
metric lumbar extension3#3%; however, if hamstring fatigue
had been excessive, the quadriceps motor neuron pool should
have become facilitated as a result of the agonist-antagonist
relationships among muscles. Because the posterior muscles
were likely active during isometric lumbar extension exercise,
fatigue experienced in those muscles may have contributed to
the observed QI. Another possibility is that the quadriceps
become inhibited in response to posterior fatigue-related mus-
cle inhibition, as a mechanism of maintaining the anterior-
posterior muscular symmetry necessary to preserve normal
function during activity or gait. Regardless of the mechanism,
it is important to learn more about how this adaptation affects
neuromuscular function in the lower extremity and spine dur-
ing prolonged functional and athletic activities.

In conclusion, QI increases after fatiguing lumbar extension
exercise. These data describe a potential source of QI that may
be an adaptive response to maintain symmetry during fatigu-
ing exercise. The observed increase in QI may expose lower
extremity joints to injury or degeneration during functional
activity, but this possibility requires further research.
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