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™ Disturbed Paraspinal Reflex Following Prolonged
Flexion-Relaxation and Recovery

Ellen L. Rogers, and Kevin P. Granata, PhD

Study Design. Repeated measures experimental study
of the effect of flexion-relaxation, recovery, and gender on
paraspinal reflex dynamics.

Objective. To determine the effect of prolonged flex-
ion-relaxation and recovery time on reflex behavior in
human subjects.

Summary of Background Data. Prolonged spinal flex-
ion has been shown to disturb the paraspinal reflex ac-
tivity in both animals and human beings. Laxity in passive
tissues of the spine from flexion strain may contribute to
desensitization of mechanoreceptors. Animal studies in-
dicate that recovery of reflexes may take up to several
hours. Little is known about human paraspinal reflex be-
havior following flexion tasks or the recovery of reflex
behavior following the flexion tasks.

Methods. A total of 25 subjects performed static flexion-
relaxation tasks. Paraspinal muscle reflexes were recorded
before and immediately after flexion-relaxation and after a
recovery period. Reflexes were quantified from systems
identification analyses of electromyographic response in rela-
tion to pseudorandom force disturbances applied to the trunk.

Results. Trunk angle measured during flexion-relax-
ation postures was significantly higher following static
flexion-relaxation tasks (P < 0.001), indicating creep de-
formation of passive supporting structures in the trunk.
Reflex response was diminished following flexion-relax-
ation (P < 0.029) and failed to recover to baseline levels
during 16 minutes of recovery.

Conclusion. Reduced reflex may indicate that the
spine is less stable following prolonged flexion-relaxation
and, therefore, susceptible to injury. The absence of re-
covery in reflex after a substantial time indicates that
increased low back pain risk from flexion-relaxation may
persist after the end of the flexion task.

Key words: flexion-relaxation, reflex, low back, spine,
electromyogram, stability. Spine 2006;31:839-845

Trunk flexion postures are a well-recognized risk factor for
low back pain (LBP)."* Recent investigations have begun
to link prolonged and/or cyclic trunk flexion to impaired
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neuromuscular function. Specifically, animal models show
that the reflex response in the paraspinal muscles is dis-
turbed following spine flexion.® This flexion-induced neu-
romuscular disturbance in those animals was attributed to
creep deformation of the passive tissues in the spine.* Spinal
creep deformation is also observed in humans following
static flexion postures.” However, we are aware of no stud-
ies in human beings to investigate whether paraspinal re-
flexes are disturbed in association with spinal creep defor-
mation from flexed torso postures.

Studies using a feline model show that extreme static
or cyclic lumbar flexion causes neuromuscular dysfunc-
tion in the form of reduced muscle activity and reflexes.
Paraspinal electromyographic (EMG) activity in these
animals decreased significantly throughout 20 minutes
of static and cyclic flexion.? During recovery, the animals
showed initial transient hyper-excitability, followed by
depressed reflex response for several hours, with slow
recovery to normal. Measurements on human beings
similarly showed hyper-excitable paraspinal reflex re-
sponse immediately following static flexion.® Whether
this behavior in human beings is transient and followed
by reduced reflex response remains to be shown. Other
joints have shown reduced reflex behavior in human be-
ings following passive flexion.”® No investigation of re-
covery time is available for human paraspinal reflexes.

One of the underlying mechanisms of reduced paraspi-
nal reflexes associated with prolonged spinal flexion is
linked to the function of the viscoelastic tissues in the
spine.” Mechanoreceptors in the spinal ligaments reflex-
ively activate the paraspinal musculature.'®~!® This re-
flex regulates continuous spinal movement, and acts to
control stability to prevent damage from unexpected per-
turbations and extreme loads. During prolonged static
and cyclic lumbar flexion, passive tissues in the spine
may provide resistance against flexion load, allowing the
trunk muscles to become deactivated.'*!*

This phenomenon, known as flexion-relaxation, pro-
duces tissue laxity and creep, indicated by an increase in
relative trunk angle over time.>'®'” Laxity in the vis-
coelastic tissues developed during extreme flexion may
cause mechanoreceptors in the ligaments to become de-
sensitized, reducing their ability to monitor vertebral
movements and initiate reflexive muscular action.* Slow
recovery of reflexes in a feline model may be caused by
the slow recovery of viscoelastic tissue laxity.'® Studies
indicate that recovery from passive tissue creep in hu-
mans takes more time than is required to produce creep
deformation (i.e., recovery is slower than deformation).®
Thus, human paraspinal reflexes should be expected to
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show a similar pattern during recovery to that of the
feline model.

Our previous studies observed modified paraspinal
reflex following prolonged static flexion-relaxation® but
did not record whether this effect was associated with
postural creep deformation nor did it attempt to record
recovery from the reflex disturbance. The goal of the
current effort was to determine the effect of prolonged
flexion-relaxation and recovery time on paraspinal reflex
behavior in human subjects. We hypothesize that: (1)
prolonged flexion-relaxation will result in reduced
paraspinal reflex response; and (2) after a period of re-
covery equal in time to that of the flexion-relaxation,
viscoelastic tissue creep and reflex response will not have
fully recovered. We believe this will indicate that pro-
longed flexion-relaxation disturbs the neuromuscular
system for a significant amount of time following flexion.
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Figure 1. Subjects were seated in an upright posture for both
reflex measurement and recovery (A). To quantify paraspinal re-
flex gain, a cable and harness system connected the subject to the
servomotor, which applied pseudorandom force perturbations to
elicit reflexes. To achieve passive spinal flexion, the subjects
flexed forward into static flexion-relaxation (B). This posture was
held for 4 cycles of 4 minutes each, separated by 1 minute of
upright sitting. Reflexes were measured before and immediately
after each static flexion-relaxation cycle.
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B Materials and Methods

Subjects. A total of 25 subjects with no previous history of
LBP participated after signing informed consent approved by
the institutional review board at Virginia Tech. Subjects had a
mean age of 21.4 years (standard deviation [SD] 2.9). Subjects
included 12 males with a mean height of 183.9 cm (SD 5.6) and
a mean weight of 81.6 kg (SD 11.3), and 13 females with a
mean height of 166.1 cm (SD 6.9) and a mean weight of 63.5 kg
(SD 8.6).

Equipment. To test our hypotheses, lumbar paraspinal re-
flexes were examined before, during, and after prolonged flex-
ion-relaxation, as well as during and after a recovery period. To
record trunk muscle response and kinematic behavior, subjects
were seated without trunk support in an upright posture (Fig-
ure 1A). A restraining belt immobilized their pelvis. A harness
and cable system attached the subject to a servomotor such that
cable tension applied flexion loads at the T10 level of the trunk.
A servomotor (Pacific Scientific, Rockford, IL) was used to
elicit paraspinal reflexes according to protocol described in our
previous work.® The motor provided a constant isotonic pre-
load of 100 N that the subjects were instructed to resist by
maintaining their upright seated posture. Pseudorandom sto-
chastic force perturbations of £75 N were superimposed on
the preload (Figure 2A). The applied forces were measured
(Fig. 2B) by a force transducer attached to the motor (Omega,
Stamford, CT) and EMG response to the force perturbations
recorded from surface electrodes. For the subsequent protocol
description, a reflex trial consists of 2, 10-second force perturba-
tion trials of the servomotor, during which reflexes were elicited
and recorded.

There were 3 surface-mounted, 6 degrees of freedom elec-
tromagnetic position sensors (Motion Star System, Ascension
Technology Corp., Burlington, VT) placed on the subject at S1,
T10, and the manubrium, and sampled at 100 Hz. Kinematic
data were rectified and filtered using a 25 Hz, low-pass, seventh
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Figure 2. Applied force, including preload, and pseudorandom
force perturbations (A). Rectified lumbar paraspinal muscle EMG
data for a typical reflex trial (B).
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order Butterworth filter in post-processing software (Matlab,
Natick, MA). There were 8 pre-gelled active bipolar surface
EMG electrodes placed on the subject at the left and right
rectus abdominis, internal oblique, external oblique, and lum-
bar paraspinal muscles, with placement as described by Marras
and Mirka."®

Data were collected using silver bar electrodes, with an in-
terelectrode distance of 10 mm integrated into the active dif-
ferential preamplifier (Delsys DE 2.1, Boston MA). A reference
electrode was placed on the prominent bony section of the left
tibia. EMG signals were amplified by 1000 with a frequency
band-pass of 20-450 Hz, CMRR of 92 dB. EMG signals were
recorded at 1000 Hz. EMG data were band-stop filtered at 60
Hz and 100 Hz in post-processing software to eliminate elec-
tromagnetic interference from the Motion Star System. EMG
was rectified and low pass filtered at 25 Hz using a seventh
order Butterworth filter. Both force and EMG signals were
treated with the same filters to avoid phase shift discrepancy
from processing. Rectified and filtered EMG was subsequently
normalized to levels recorded during maximum voluntary ex-
ertions performed in isometric trunk flexion, extension, com-
bined torsion and extension, and combined torsion and flexion.

Experimental Protocol. Experimental protocol was divided
into 2 phases, static flexion-relaxation and recovery, each con-
taining cycles. Paraspinal reflexes were recorded before the be-
ginning of static flexion-relaxation, as described previously. To
impose spinal ligament stretch, subjects remained within the
pelvic restraint, which acted to prevent anterior tilt of the pelvis
and initiated a full flexion posture by leaning forward (Figure
1B), as described by McGill and Brown,® and Solomonow et
al.?° Feet were positioned so that the knees were slightly bent
and the amount of stretch occurring in the hamstrings was
reduced. This posture was held for 4 minutes. Flexion-
relaxation occurred while subjects were seated in full flexion,
monitored by measured erector spinae EMG. The 4 periods of
static flexion are referred to as static flexion-relaxation to indi-
cate that subjects maintained full static flexion during which
flexion-relaxation occurred.

During each cycle of static flexion-relaxation, both EMG
and kinematic data were recorded for 5 seconds at the begin-
ning of every minute. This process allowed us to measure the
progression of trunk angle and monitor that erector-spinae
EMG was in fact de-recruited to ensure flexion-relaxation. At
the end of the 4-minute static flexion-relaxation period, sub-
jects returned to an upright posture, and a reflex trial was
recorded. This cycle was repeated 4 times, for a total of 16
minutes of static flexion-relaxation. Both the flexion-relaxation
posture and reflex data collection were performed in a seated
posture to facilitate transition time from flexion-relaxation to
reflex measurement. Less than 1 minute was required between
static flexion-relaxation cycles to record the reflex data and
return them to the static flexion-relaxation posture.

Immediately following the static flexion-relaxation phase,
subjects entered the recovery phase, which included 4, 4-
minute cycles, each separated by a reflex trial. During each
4-minute recovery cycle, subjects sat in an upright and relaxed
posture. At the beginning of each minute, they were instructed
to resume the flexed posture for approximately 10 seconds
so that kinematic data could be collected and recovery-
progression of trunk angle could be monitored.

Although a reflex trial was recorded every 4 minutes and
trunk angle every minute, only the 3 most relevant positions in

time were analyzed statistically: time T, was the baseline mea-
surement recorded before the first static flexion-relaxation cycle;
time Tyg represents the measurement time immediately following
the fourth and final cycle of static flexion-relaxation; time Ty was
immediately following the fourth and final cycle of recovery.

Data Analysis. Reflex response was quantified in terms of
latency and gain from the erector spinae EMG in the method of
our previous work.® A nonparametric impulse response func-
tion (IRF) was calculated from the pseudorandom force input
and the rectified EMG output of the erector spinae muscles.
Calculation of the nonparametric IRF was based on deconvo-
lution techniques for a time-delayed linear systems response.>!
For any linear time-invariant system, the output y(t) (i.e., rec-
tified EMG), was described by the IRF h(t) of the system con-
volved with (notated *) the applied input signal, x(t) (i.e., ex-
ternal trunk force),

T>

y(t) = fh(’f)x(t — 7)dt = h(t) * x(t) (1)
T:

where the h(7) is considered trivial for time lags 7 < T, and
7> T,. Using this property, any linear time-invariant system
can be described in its entirety by its IRF because once h(t) is
known, the output of the system can be determined for any
input. Accordingly, the discrete-time IRF can be represented in
terms of the input autocorrelation function and the input/
output cross-correlation function:

M,

Cey(k) = At D blj)exlk — ) (2)

j =M
where the input and output are sampled every At seconds,

My = 2 and M, = 22
VA Y

matrix form as:

. This equation can then be written in

Cyy = AtC, H (3)

where C,, is an M, — M, + 1 length vector whose i element
isc, (M; +i—1),C_ isan M, — M, + 1square matrix whose
i,j™ elementisc (i — j)and Hisan M, — M, + 1 length vector
whose i element is h(M, + i — 1). Using simple matrix inver-
sion, one can solve for the IRF, H, representing the EMG re-
sponse (Figure 3).
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Figure 3. Typical IRF computed from applied trunk force (input)
and rectified EMG (output). Reflex Gain, Gg, was competed from
the peak of the IRF. Data at times longer than 120 milliseconds were
assumed arbitrarily voluntary and, therefore, appears as noise in the
IRF.
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Reflex gain, Gg, represents the amplitude of the transfer
function relating the paraspinal EMG response to the pertur-
bation force (Figure 3). Reflex gain characterizes the magnitude
of muscle reflex response scaled with respect to the time-
dependent amplitude of the force disturbance. High Gy indi-
cates a large reflex response, small Gy indicates minimal muscle
activity following the disturbance. Gi was quantified based on
the peak of the IRF computed from the applied input force and
rectified EMG output of paraspinal muscles. Peak amplitude of
the IRF must be higher than 2 SDs above the mean of the IRF to
be considered a reflex. A second criterion required that Gy
must occur between 20 and 120 milliseconds following the
perturbation. This requirement ensured that the reflex response
was not confounded by electromechanical delay or voluntary
contribution to EMG response.

The dynamic trunk flexion-extension movement in response
to the force perturbations was analyzed using an approach
similar to that of the reflex gain. Movement was quantified by
an IRF, using the applied force as the input and trunk move-
ment (i.e., linear position of T10 sensor) as the output re-
sponse.?? The kinematics gain, Gy, was estimated from the
peak of the kinematics IRF (Figure 4).

To measure the quality of the IRF representation of both the
reflex and kinematic responses, the computed IRF was con-
volved with the original pseudorandom force sequence to pro-
duce an estimate of the output signal. RMS difference between
the physiologic signal and the estimated signal was recorded as
percent variance accounted for (VAF). VAF equal to 100%
indicates that the IRF exactly predicts the measured signal from
the input force perturbations.

To obtain a measure of ligament elongation or laxity, 2
trunk angle measurements were recorded. The sagittal trunk
angle, 6, recorded the overall angle of the trunk in the sagittal
plane, determined from the difference in angle between the
markers at S1 and the manubrium. The second measure was
lordosis angle, 6; , which was a relative angle of the curvature of
the spine from S1 to T10. Lordosis angle was computed from
the difference in the sagittal angle of the position sensors lo-
cated at S1 and T10. Both trunk angle and lordosis angle were
recorded while the subject was fully flexed. For comparison
between subjects, trunk angle was taken as the difference from
the first flexion angle recorded, i.e. angle of flexion-relaxation
at T, was defined as zero. To quantify trunk muscle co-
recruitment, the RMS level of the rectified, filtered, and nor-
malized EMG signal from each muscle was quantified during
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Figure 4. Typical impulse response function computed from input
applied trunk force and output T10 displacement. Kinematics gain,
Gy, is labeled.

the 250-millisecond period of constant isotonic load, immediately
before initiation of the pseudorandom force perturbations.

Statistical Analysis. Statistical repeated measures analysis,
analysis of variance, was performed to determine the effect of
gender, static flexion-relaxation, and recovery on Gy, and Gy,
trunk muscle recruitment, and trunk angle. The independent
variable of gender was analyzed as a between subject variable,
while the effects of static flexion-relaxation and recovery were
analyzed as a within subject variable. Significance was deter-
mined at the level of @ < 0.05. Tukey honest-significant differ-
ence post hoc analyses were used to compare differences among
significant treatments.

H Results

Analyses revealed that the sagittal trunk angle, 6, in-
creased significantly from T, to Tpg (P < 0.001) and
from T, to T (P < 0.001), indicating tissue elongation
occurred during the flexion protocol (Table 1). How-
ever, there was no significant change in 61 from Tgg to
Ty, possibly suggesting that the recovery phase of the
protocol was insufficient to allow laxity in the passive
tissues to recover. There was no significant difference in
main effect of gender on 607.

Lordosis angle, 0, , results also revealed increases caused
by static flexion-relaxation from T, to Ty (P < 0.001) and
from T, to Tg, (P < 0.001). There was no significant
change from Ty to Ty, further indicating that passive
tissues were unable to recover in this protocol. There was
no significant main effect of gender on 6, . Post hoc anal-
yses of a significant gender-by-time interactions indi-
cated that in males, there was a significant change in 6
from T, to Tgg (P < 0.02) but not from T, to Ty (P <
0.08). However, in females, there was a significant in-
crease in 0; from T, to Tpg (P < 0.001) and T, to Ty

Table 1. Mean (SD) of Trunk Angle, Reflex Gain, and
Kinematics Gain

Men Women Average

6; (deg)

To 0(0) 0(0) 0(0)

Ten 4.40 (4.99)* 6.11 (4.04)% 5.33 (4.47)t

Ta 5.65 (5.87)* 8.24 (5.28)* 7.06 (5.58)t

Average 3.35(4.95) 4.28 (5.14) 413 (5.07)
6, (deg)

To 0(0) 0(0) 0(0)

Ter 17.45(16.16)* 22.25(11.99)* 20.33 (13.61)t

Tq 14.20 (15.30) 23.70 (17.66)* 19.9 (17.02)t

Average 10.55 (14.51) 15.32(16.26) 13.41 (15.63)
Gr

To 4.09(2.21)t 6.03 (4.51)% 5.06 (3.64)

Ter 3.65(2.71) 4.31(2.20)* 3.98 (2.46)t

Ta 2.83(1.57) 3.68 (2.37)* 3.25 (2.03)t

Average 3.52 (2.24) 4.67 (3.30) 4.10 (2.86)
Gy

To 0.566 (0.097) 0.611(0.104) 0.589 (0.097)

Ter 0.492 (0.073) 0.581(0.091) 0.539 (0.093)

Tq 0.543 (0.145) 0.586 (0.073) 0.565 (0.112)

Average 0.533(0.107) 0.592 (0.088) 0.565 (0.101)

*Significance caused by flexion-relaxation within gender group (P < 0.05).
tSignificant effect of flexion-relaxation (P < 0.05).
FSignificance caused by gender within time group (P < 0.05).

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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(P < 0.001). There was no significant change from Tyx
to Ty in males or females.

Minute-by-minute changes in 6 and 6; were analyzed
during the flexion period to determine whether recovery
took place during the minute of upright sitting required
for reflex trials. The 6 showed no significant recovery
following the minute of upright sitting. However, 6, did
show significant recovery from the end of the 4-minute
flexion periods to the beginning of the following flexion
periods (P < 0.008). This recovery was significant only
in females (P < 0.022).

Reflexes were observed in 84% of trials, with the re-
maining trials failing to satisfy the criteria for defining
Gg. Reflex variance accounted for, VAF,g.,, had an av-
erage value of 47.4%. This average value of VAF, g, is
consistent with previous results in our laboratory.°

The main effect of reflex gain, Gy, caused by static
flexion-relaxation was significant. The Gy decreased sig-
nificantly from T to Tgg (P < 0.029). There was a sig-
nificant difference in Gy from T, to Ty, but no significant
difference in Gy between Tyi and Ty, indicating that
reflex gain failed to recover within the 16-minute recov-
ery period. There was no significant main effect of gender
on Gg. Post hoc analyses yielded significant differences in
Gpg between males and females at T,,. At T, females had
significantly higher Gy than males (P < 0.018), but there
was no difference between genders at Ti or Tg. In males,
neither static flexion-relaxation nor recovery was a signif-
icant factor on Gg. However, in females, reflex gain de-
creased significantly from T, to Tpg (P < 0.047) and
from T, to Tx (P < 0.001). There was no significant
difference in Gy between Tyg and Ty in either gender.

Movement analyses yielded an average value of kine-
matics variance accounted for, VAFy, of 91.5%. Kine-
matics gain, Gy, showed a trend suggesting a decrease
from T, to Tpgr (P < 0.062) but no significant change
from T, to Ty or Tgg to Tg. There was no significant
main effect or interactions with gender in Gy.

The effects of gender, static flexion-relaxation, and
recovery on trunk muscle recruitment were evaluated.
No muscle groups showed significant gender differences
in baseline EMG. Right and left external oblique muscles
showed a significant decrease in baseline EMG activa-
tion level from T, to Tpg. There was no significant
change from T, to Ty or from Ty to Tr. No other muscle
group showed significant differences in EMG activation
level caused by static flexion-relaxation or recovery.

H Discussion

Results show that prolonged static flexion-relaxation in-
fluenced the function of the neuromuscular system in
human beings. Lumbar paraspinal reflex gain decreased
significantly after 16 minutes of flexion-relaxation,
which was consistent with our hypothesis. Reduced re-
flexes may suggest that the spine was less stable follow-
ing prolonged flexion-relaxation, and, therefore, more
susceptible to LBP and injury.?® Research indicates that
patients with LBP have reduced responsive control and

delayed muscle responses compared to healthy sub-
jects.>*>> The decrease in reflex gain observed in the
current study may be linked to the significant increase in
spinal tissue laxity associated with static flexion-
relaxation. An increase in trunk angle indicates that pas-
sive tissue creep occurred, and laxity in these tissues may
have contributed to desensitization of neurosensors.*®

However, the results of this investigation were incon-
sistent with our previous results where reflex behavior
was recorded from subjects following 15 minutes of con-
tinuous static flexion-relaxation.® In that study, we
found a trend toward increased reflex gain immediately
following prolonged static flexion-relaxation, which we
concluded was consistent with the hyper-excitable EMG
response found in animal research.*® There are several
possible explanations as to why our previous results dif-
fer from what we found here. Solomonow et al® investi-
gated muscle activity during both static and cyclic loading.
In the case of static loading, hyper-excitability was present
immediately following the end of loading, and EMG was
typically increased from its baseline level. In the case of
cyclic loading, the EMG magnitude following the loading
was typically less than baseline. This result could be caused
by the intermittent rest periods associated with cyclic load-
ing, although further investigation into this issue is neces-
sary. In the current study, subjects underwent 16 minutes of
static flexion-relaxation, but the 4-minute cycles were sep-
arated by approximately 1 minute of seated upright active
exertion to record reflexes (Figure 1). Therefore, our pro-
tocol may be considered cyclic rather than static flexion,
and it may be reasonable to expect different results than
static flexion-relaxation.

One major difference between this study and our pre-
vious investigation is subject position during reflex trials
(i.e., upright standing vs. upright sitting). It is possible
that this difference may contribute to the discrepancy in
our results regarding hyper-excitable versus depressed
reflex, although it is unclear precisely what effect this
difference has on reflex disturbance. One major draw-
back of our previous attempt to measure the effect of
static flexion-relaxation on reflex response was the ab-
sence of trunk angle measurements during flexion. In the
current study, the creep deformation of the trunk posture
was documented to show that reflex change after static
flexion-relaxation may be associated with the viscoelas-
tic creep. Further research is necessary to determine
whether this neuromechanical relationship is causative.

The second noteworthy result of this investigation
was that reflex gain failed to change during the recovery
phase. This result indicates that no appreciable recovery
of paraspinal reflexes took place. This outcome may be
because of the fact that neither lordosis nor sagittal trunk
angle recovered within the experimental session, indicat-
ing that creep in the viscoelastic tissues may not have
recovered sufficiently to restore sensitivity to the mech-
anoreceptors for reflex initiation. A 10-second period of
flexion was performed each minute throughout the re-
covery phase to measure trunk angle and laxity recovery.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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This repeated ligament strain may have been too fre-
quent to allow recovery of passive tissues. The lack of
reflex recovery may also be caused in part by the upright
sitting used during the recovery phase because this pos-
ture in itself involves lumbar flexion.?” Nevertheless, fe-
line models showed depressed reflexes several hours after
prolonged flexion.?® Therefore, reflex disturbance may
require longer to recover than 16 minutes following 16
minutes of static flexion-relaxation. Our results agree
with the literature in that the recovery process for tissue
creep and reflex response may be slow.

Of further interest is the progression of reflex gain and
trunk angle throughout the entire protocol (Figure 5).
Reflex gain was measured every 4 minutes during flex-
ion-relaxation and every 4 minutes during recovery, for a
total of 9 measurements. Trunk angle was measured ev-
ery minute. Although only the main times of interest
were statistically analyzed for changes in reflex, the pat-
terns of change in lordosis angle and reflex are interesting
to note. Following a cycle of static flexion-relaxation and
1 minute of sitting in an upright posture (i.e., during
reflex trials), 6; showed significant recovery. Any recov-
ery achieved was transient because by the second minute
of the ensuing static flexion-relaxation cycle, 6; returned
to increased levels and continued increasing during the
remaining static flexion-relaxation. This trend is interest-
ing to note in conjunction with results from animal mod-
els showing that recovery may be transient.*
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Figure 5. Progression of lordosis angle (A) and reflex gain (B). In
the lordosis angle plot, the 4-minute cycles are depicted by con-
necting lines, whereas the minute in between cycles is repre-
sented by a disconnect. Significant recovery of lordosis angle was
observed during the minute between trials, but the recovery was
incomplete. Reflex gain was analyzed at time T, (baseline mea-
surement recorded before the first static flexion-relaxation cycle),
Ter (immediately following the fourth and final cycle of static
flexion-relaxation), and Ty (immediately following the fourth and
final cycle of recovery), and revealed a significant decline follow-
ing the static flexion-relaxation trials.
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A 10-minute rest after 50 minutes of cyclic flexion
loading of the feline lumbar spine allowed between 20%
and 30% recovery of reflexive muscle activity. However,
all recovery was completely lost after only 20 seconds of
additional loading following the rest period. These re-
sults underscore the importance of adequate rest periods
following torso flexion loading. One minute of rest after
4 minutes of flexion appeared to be inadequate for re-
covery of lumbar creep deformation and reflex gain. The
importance of frequent and long rest periods during pro-
longed flexion is clear, but the amount of rest necessary
to prevent significant reflex reduction and its influence
on spinal stability has yet to be determined.

Lordosis angle results were consistent with McGill
and Brown,’ Dickey,'® and Olson'” et al, who showed
that recovery of passive tissue creep takes longer than the
time in which the creep occurred. During the recovery
cycles, lordosis angle remained approximately constant,
presumably because of the repeated bouts of flexion per-
formed for data collection. However, 60, clearly did not
increase further, indicating that this duty cycle of flexion
was not enough to cause further tissue creep. Further
investigation into the disturbance of paraspinal reflexes
as a result of various flexion duty cycles is necessary.

There was a trend suggesting reduced kinematic gain
immediately following flexion-relaxation (P < 0.062). This
finding is consistent with our previous results in which a
significant decrease in kinematic gain was observed follow-
ing 15 minutes of static flexion-relaxation. Decreased ki-
nematic gain implies that trunk displacement decreased,
and, therefore, trunk stiffness was increased following
static flexion-relaxation. Active recruitment in the spinal
musculature has increased trunk stiffness.>”> To reduce
trunk displacement, spinal muscles should show in-
creased activation levels following static flexion-
relaxation.”” However, of the 8 muscles examined, only
the external oblique showed a significant change in base-
line activity after static flexion-relaxation, and this was
actually a reduction in activation after static flexion-
relaxation. The other major muscle groups of the trunk
showed no significant change after static flexion-
relaxation, so increased trunk stiffness cannot be attrib-
uted to changes in cocontraction.

Andersson et al*® showed that although superficial
erector spinae muscles deactivate during flexion-
relaxation, deep lumbar muscles, such as the quadratus
lumborum and deep erector spinae, become more active
with increasing trunk flexion angle. Measurement of
these muscle groups would require indwelling EMG elec-
trodes and, therefore, were not recorded in our study. It
is possible that the activity of these muscles contributed
to the reduced trunk displacement and apparent increase
in stiffness following static flexion-relaxation.

Results of this study must be viewed in light of certain
methodological limitations. The mean VAF, 4., of 47%
agrees with published VAF values using similar linear
EMG analyses.> However, nonlinear EMG analyses
have yielded higher VAF values in other joints, so these
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methods should be investigated in the future. An inher-
ent limitation may occur from our protocol because of
the fact that subjects were seated during reflex trials.
Differences among results of this and previous studies
may be influenced by the fact that upright sitting involves
considerable flexion of the lumbar spine.”” Loads im-
posed on laborers may be different from those in our
experimental settings. The seated posture was used in
this study to limit the transition time between static flex-
ion-relaxation periods and reflex measurements. Trials
discarded for not meeting the determined reflex gain cri-
teria may indicate a limitation of the statistical analysis
reported. Inclusion of these trials may have increased
variability of results. Muscle fatigue may also influence
the results, but because the paraspinal muscles were de-
recruited during the static flexion-relaxation postures,
fatigue is highly unlikely. Despite these limitations, our
results appear to correspond with literature concerning
reflexes in a feline model.

Results confirm in human beings that prolonged static
flexion results in passive tissue creep along with a neuro-
muscular disorder and that extended rest may be re-
quired for full recovery. Recovery of passive tissue creep
and lumbar paraspinal reflexes required time longer than
measured in this study, which was equal to the time spent
in a flexed posture. Inhibited paraspinal reflexes may
contribute to the risk of LBP or injury for workers using
flexed postures, caused by the inability of the neuromus-
cular system to coordinate an appropriate muscle re-
sponse following an unexpected loading event. General
recommendations for occupational situations include
limiting exposure to flexed posture work and providing
long rest breaks. Further research is required for the rec-
ommendation of specific guidelines.

H Key Points

e Reflexes in the paraspinal muscles and posture of
lumbar flexion-relaxation were recorded in human
subjects before and immediately after 16 minutes
of cyclic flexion-relaxation tasks and after a recov-
ery period.

e Trunk angle measured during flexion-relaxation
postures was significantly higher following cyclic
flexion-relaxation tasks, indicating creep deforma-
tion of passive supporting structures in the trunk.

e Reflexes were diminished following static flex-
ion-relaxation tasks and failed to recover to base-
line levels during 16 minutes of recovery.

e Results suggest that neuromuscular control of
spinal stability may be limited following prolonged
flexion-relaxation.
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