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Abstract BACKGROUND AND CONTEXT: One basic physiologic response to spinal manipulation (SM)
is a transient decrease in motoneuronal activity, as assessed by the Hoffmann reflex (H-reflex) tech-
nique. However, questions of appropriate control procedures when using the H-reflex technique to
study the basic physiologic mechanisms of SM still exist. The identification of appropriate control
procedures may allow us to better differentiate among the specific and nonspecific aspects of SM.
PURPOSE: The purpose of the research was to determine the contributions of postural perturba-
tions on the attenuation of motoneuronal activity following spinal manipulative thrusts and spinal
joint preload procedures applied to the lumbar spine.
STUDY DESIGN/SETTING: H/Mmax ratios, recorded from the gastrocnemius muscle, were mea-
sured before and after lumbar spinal procedures. The experimental designs for the laboratory data
collection protocols were repeated measures and between-subjects.
PATIENT SAMPLE: The subjects were asymptomatic, young, healthy volunteers.
OUTCOME MEASURE: H/Mmax ratios recorded from the gastrocnemius muscle.
METHODS: In Experiment 1, the administration of prone lumbar procedures involved either
manual assist to more fully shear the lumbar zygapophyseal joints or no manual assist. One set
of subjects (n517) received assisted joint preload force and manipulation, whereas a second set
of subjects (n517) received unassisted joint preload force and manipulation. In a second laboratory
experiment, one set of subjects (n510) received a L5-S1 side-posture SM, whereas a second set of
subjects (n510) were just positioned into side-posture.
RESULTS: There was a H/Mmax ratio attenuation of 18.2% after assisted spinal manipulation,
whereas H/Mmax ratio attenuation was only 9.5% after unassisted spinal manipulation. Decreases
of H/Mmax ratios by 8.5% and 7.5% were observed after assisted and unassisted joint preload forces,
respectively. The amount of H/Mmax ratio attenuation was significantly greater immediately after
the L5-S1 SM procedure (28.4%) as compared with a side-posture positioning maneuver (15.3%).
CONCLUSION: SM may provide procedure-specific sensory input that appears to vary, based
upon the various types of vertebral loading applied to the lumbar spine. � 2005 Elsevier Inc.
All rights reserved.
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Introduction

Spinal manipulation (SM) is a commonly employed
nonoperative treatment modality in the management of
patients with neck, low back, or pelvic pain. One basic
physiologic response to SM is a transient decrease in moto-
neuronal activity, as assessed by the Hoffmann reflex (H-
reflex) technique [1–4]. However, questions of appropriate
control procedures when using the H-reflex technique to
study the basic physiologic mechanisms of SM still exist.
SM of the lumbar spine typically involves changes in whole
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body orientation during side-posture procedures. A postural
perturbation is one of many factors that may affect the am-
plitude of the H-reflex response [5,6]. The H/Mmax ratio is
a valid index of motoneuronal activity when the recording
and stimulating environments are the same before and after
an experimental perturbation [5]. Although the previous
data on the effects of SM on the transient decrease in
motoneuronal activity document the consistency of the re-
cording and stimulating environments from pre to post
SM [1–4], the inclusion of appropriate control procedures
may allow us to better differentiate among the specific
and nonspecific aspects of SM.

Other research indicates that a cervical SM does not lead
to changes in the activity of the lumbar motoneuron pool as
assessed by the tibial nerve H-reflex response [7]. SM de-
livered to the lumbar spine with the subject in side-posture
leads to a short-term attenuation of tibial nerve H-reflex re-
sponses without a concomitant change after paraspinal
massage therapy [2]. Motor evoked potentials in the gas-
trocnemius muscle from transcranial magnetic stimulation
were significantly facilitated from 20 to 60 seconds after
a L5-S1 SM, without a concomitant change after a side-
posture positioning (control) maneuver [8]. These cur-
rent data tend to support the hypothesis that SM imparts
a specific effect on lumbar motoneuronal activity. Thus,
the hypothesis that SM may produce the same result as
a nonspecific perturbation, such as a ‘‘startle’’ maneuver,
was not supported by these reports.

The exact physiologic mechanism underlying SM-
induced inhibition of motoneuronal activity is unknown.
SM may produce an inhibitory reflex response that is seg-
mental in origin [9,10]. Group Ia, Ib, II, and IV afferents re-
spond in a graded fashion to the velocity, magnitude, and
direction of vertebral loading applied to the lumbar spine
[10]. Importantly, stimulations of Group Ib, III, and IV
muscle afferents exert an inhibitory effect on alpha moto-
neurons [10,11]. The transient nature of SM inhibition of
motoneuronal activity may involve decreased excitatory in-
puts from the muscle spindle afferents which is consistent
with two well-defined physiologic mechanisms: muscle
spindle aftereffects and post-activation depression of Ia af-
ferents (cf. current discussion and Dishman and Bulbulian
[1]). Thus, SM, and similar types of perturbation, may alter
sensorimotor behavior of the lumbar spine [10,12].

Other manual therapies that do not employ high-velocity,
low-amplitude (HVLA) manipulative thrusts are also com-
monly used as a conservative treatment technique in the
management of patients with neck, low back, or pelvic pain.
The independent contribution of manual joint preload appli-
cation to the transient attenuation of lumbar motoneuronal
activity after a side-posture L5-S1 SM procedure was previ-
ously addressed [1]. Healthy subjects, with no low back pain
(n57) were evaluated for baseline tibial nerve H-reflex re-
sponses, and then subjected to bilateral manual spinal joint
preload procedures in side-posture. Then, after a 1-hour
wash-out period, these same subjects were administered
a bilateral L5-S1 SM (HVLA) procedure in side-posture.
Other than the manipulative thrusts, the bilateral joint pre-
load procedure did not differ from the bilateral SM proce-
dure. Although there were no significant differences
between SM and joint preload alone, the H/Mmax ratios, col-
lapsed across procedures, were significantly reduced with
respect to baseline pre-values from 10 to 50 seconds post-
procedures [1]. The same ordering of procedures, joint pre-
load first then SM, for a small number of subjects, may have
limited their ability to detect differences between the proce-
dures or may have indicated that effects of joint preload and
SM were additive. In addition, and perhaps more important-
ly, the nonspecific contribution of the side-posture body po-
sitioning perturbation on the SM-induced attenuation of
motoneuronal activity was not addressed. What role might
body positioning perturbation play in the observed effect
of HVLA SM on motoneuron excitability?

The overall purpose of the current research was to
determine the contributions of postural perturbations on
the attenuation of motoneuronal activity after HVLA ma-
nipulative thrusts as compared with spinal joint preload
procedures applied to the lumbar spine. The investigators
developed experimental protocols that used a constant
prone patient positioning for the administration of spinal
procedures to the lumbar spine and the collection of tibial
nerve H-reflex responses. The experimental protocols also
altered the direction of applied force vectors by performing
the prone lumbar procedures with or without the so-called
‘‘pelvic assist’’. The ‘‘pelvic assist’’ essentially entails the
lifting of the pelvis via an anterior iliac crest contact, in
an attempt to more fully shear the lumbar zygapophyseal
joints. Comparisons of tibial nerve H-reflex responses be-
fore and after HVLA manipulative thrusts and low-velocity,
spinal joint preload procedures in the prone position, assis-
ted and unassisted, allowed us to address the effects of var-
ious aspects of different vertebral loading applied to the
lumbar spine, independent of postural perturbations. In
a second experiment, a comparison of tibial nerve H-reflex
responses before and after a side-posture positioning ma-
neuver and a side-posture HVLA SM was addressed in an
attempt to better differentiate among the specific and non-
specific (ie, postural perturbation) aspects of the manipula-
tive thrust on the lumbar spine.

Methods

Experiment 1

Participants. The subjects were 34 healthy, young volun-
teers recruited from a college student population. Inclusion
criteria included no low back pain within the past 3 months
and no history of radiculopathy or neuropathy of the lower
limbs. One set of subjects (n517, 11 males and 6 females)
received mobilization and manipulation with assist
(25.861.67 years; 170.7610.48 cm; 78.2617.78 kg),
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whereas a second set of subjects (n517, 14 males and 3 fe-
males) received mobilization and manipulation without as-
sist (29.365.71 years; 174.166.36 cm; 80.6614.57 kg).
All subjects were neurologically screened by one clinician
before the initiation of the experiments to exclude sub-
jects with radiculopathy or peripheral neuropathy. The
evaluation included a manual motor evaluation, deep ten-
don reflexes, and sensory dermatome examinations. The
local ethics committee reviewed and approved all experi-
mental procedures. All subjects signed an informed consent
form.

Experimental design. All spinal procedures were delivered
with the subjects prone on a treatment table and in one test
session. Within each set of subjects, the order of joint pre-
load and manipulation procedures delivered in a test ses-
sion was alternated to minimize a possible order effect on
the data. There was a 20-minute wash-out period between
each of the spinal procedures delivered in a test session. Be-
fore each spinal procedure, 10 maximal H-reflexes were re-
corded as pre-baseline values. The stimulation rate for
evoking baseline responses was 0.10 Hz. Immediately after
the spinal procedure, maximal H-reflexes were measured at
10-second intervals within the first 60 seconds to determine
the acute time course of post-procedures effects on moto-
neuronal activity. Ten maximal H-reflexes were also re-
corded at 5 and 10 minutes post spinal procedure at
a stimulation rate of 0.10 Hz.

General protocol for assessing motoneuronal activity. At
the beginning of the test session, the standard H/M recruit-
ment curve was generated by increasing stimulus intensity
from 0 to 150 volts in 5-volt increments. The typical M-
wave recruitment curve is S-shaped, whereas the typical
H-reflex recruitment curve is an inverted ‘‘U’’. Electromyo-
graphic (EMG) amplitudes, peak-to-peak EMG values, of
the H-reflex and M-wave responses were recorded to con-
struct the standard H/M recruitment curve.

The maximal M-wave response was defined as the pla-
teau in recruitment curve (EMG amplitude) that occurs in
response to three successive 5-volt increments of stimulus
intensity. After recording three maximal M-wave re-
sponses, the stimulus intensity was adjusted in 2-volt incre-
ments until the amplitude of the H-reflex response was
maximal. The purpose of this procedure was to more accu-
rately define the stimulus intensity needed to evoke a max-
imal H-reflex response for all subjects. This optimal
stimulus intensity for evoking maximal H-reflex responses
was not adjusted for the remainder of the test session.

At the completion of the test session, three maximal
M-wave responses were recorded again. The consistency
of maximal M-wave responses at the beginning and end
of each test session ensured that recording and stimulation
environments were constant throughout the test session for
each subject [13].
Tibial nerve H-reflex methodology. The tibial nerve H-
reflex methodology outlined by Hugon [14] was used with
the essential components described here. The subjects res-
ted prone on a treatment table with their feet resting on foot
plates. The foot plates were rotated to maintain 90� angles
at the ankle joint in order to control for the effects of mus-
cle length on H-reflex responses. Postural effects on H-
reflex responses were accounted for by having the subjects
rest their head face down on the treatment table with their
arms placed down by their sides onto arm rests. The arms
were bent at 90� angles at the elbow joint, whereas the head
piece adjustment allowed for the subject to rest comfortably
face down. The subjects were visually observed for gross
changes in arousal states. The right tibial nerve was stimu-
lated in the popliteal fossa using a 1-ms square wave pulse
delivered by a Grass S-88 stimulator in series with a stimu-
lus isolation unit (Grass SIU5).

The cathode stimulating electrode was positioned within
the popliteal fossa at the optimal location for evoking a
H-reflex response in the right gastrocnemius muscle. The
optimal location for evoking the H-reflex response is de-
fined as the site within the popliteal fossa at which a slightly
suprathreshold stimulus for evoking a H-reflex response
does not simultaneously evoke a M-wave response. The an-
ode stimulating electrode was placed 10 cm proximal to the
cathode on the posterior thigh.

The EMG recordings of the evoked H-reflex response in
the gastrocnemius muscle were measured with bipolar, sur-
face Ag/AgCl electrodes. The positioning of the EMG re-
cording electrodes was in accordance with the Braddom
and Johnson [15] methodology. The Braddom and Johnson
[15] methodology reduced intersubject variability with re-
spect to electrode placement. The EMG signal was band-
pass filtered (10 Hz–10 kHz) and amplified using the
Grass P511 EMG system.

The evoked EMG responses were collected using an
analog-to-digital converter (12-bit resolution) interfaced
to a computer. Sampling rate was 5 kHz per channel. The
deliverance of the peripheral nerve stimulus was controlled
through the computer’s digital output port interface. Lab-
View software (National Instruments Corp., Austin, TX)
was used to write algorithms for data acquisition and data
analysis. EMG amplitudes of M-wave and H-reflex re-
sponses were detected online and stored in a data output file
for statistical analyses.

Spinal procedures: assisted and unassisted manipula-
tion. The L5-S1 SM procedures consisted of a HVLA im-
pulsive force to the right side of the spine with the subject
lying prone on the treatment table. The impulsive force ap-
plied to the spine in these procedures was applied pragmat-
ically, and was consistent with a typical therapeutic
application of the procedure. Although the procedure was
applied without an instrument for displacement and ve-
locity measurement, previous reports indicate that these
procedures are typically applied in a time course of
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approximately 200 ms [16], with linear vertebral displace-
ments of less than 10 mm [17]. With crossed hands, the cli-
nician provided manual contact upon the tissues overlying
the zygapophyseal joint. The right-handed Cartesian
orthogonal coordinate system of movement has been previ-
ously used as a reference to describe our spinal procedures
[18]. These procedures have been thoroughly described by
the authors in previous reports [1]. However, in an effort to
more clearly describe the spinal procedures for the clini-
cian, the authors have elected to use a more pragmatic ap-
proach to the description of the manual procedures
performed in this study.

Unassisted manipulation involved slightly increasing
manual tension by providing axial distraction to the spine.
Once tissue preload tension was maximized, a HVLA im-
pulsive force was applied to the L5-S1 zygapophyseal
joints with the primary force vector applied in a posterior
to anterior direction. Assisted manipulation also involved
slightly increasing manual axial distraction to the spine,
coupled with a rotational force application which further in-
creased the mechanical load upon the soft tissues. Once tis-
sue preload tension was maximized, a HVLA impulsive
force was applied to the L5-S1 zygapophyseal joints with
the primary force vector applied in the posterior to anterior
direction, with a secondary axial rotation force also applied.
As such, ‘‘assist’’ referred to the axial rotation force that
was achieved by manually contacting the right anterior su-
perior iliac spine and applied an anterior to posterior shear
force.

Spinal procedures: assisted and unassisted joint pre-
load. The subjects were lying prone on the treatment table.
With crossed hands, the clinician provided a manual con-
tact with a very slow velocity of application to the L5-S1
zygapophyseal joints of the right side of the spine. Howev-
er, no high-velocity thrust was applied after maximizing tis-
sue preload. The force vectors associated with increasing
manual tension during the joint preload procedures were
the same as defined above for assisted and unassisted ma-
nipulation. For unassisted joint preload, the primary force
vector was also posterior to anterior. For assisted joint pre-
load procedures, the primary force vector applied to the
lumbar spine was posterior to anterior with a secondary
vector consisting of rotation. Other than the manipulative
thrust, the joint preload procedures did not differ from the
manipulation procedures.

Nonforceful, low-velocity (nonimpulse) manual excur-
sion of the zygapophyseal joint to the passive endpoint
range of motion is considered the essential element of joint
preload procedures. Thus, the primary difference between
manipulation and joint preload procedures was the impul-
sive, high-velocity thrust applied at the end range of passive
joint excursion. The intention of the joint preload procedure
was to accurately replicate the manipulation ‘‘set-up,’’ ex-
cept for the application of the HVLA thrust.
Statistical analyses. The dependent variable was the H/
Mmax ratio. The data sets were analyzed separately to ad-
dress the differences between manipulation and mobiliza-
tion, regardless of the direction of the force vectors, ie,
with assist versus without assist. For each data set, a proce-
dure by time repeated measures analysis of variance (AN-
OVA) was used to reveal the effects of mobilization and
manipulation on H/Mmax ratios. The Dunnett’s procedure
for a priori contrasts was used to detect any differences
in H/Mmax ratios between baseline values and post-proce-
dure time points. A split-plot ANOVA model (Technique
by Procedure�Time) with repeated measures on procedure
and time was used to explore potential differences in man-
ual techniques delivered to the lumbar spine. Technique re-
ferred to either with assist or without assist, thereby
allowing us to address the effects of axial rotation on
H/Mmax ratios. All analyses were conducted using SPSS
for Windows. The level of significance was .05 for all sta-
tistical analyses.

Experiment 2

Participants. Twenty healthy, young volunteers were re-
cruited from a college student population (see Experiment
1 inclusion and exclusion criteria). One set of subjects
(n510, 9 males and 1 female) received a L5-S1 side-
posture spinal manipulation (24.763.56 years; 177.46
8.88 cm; 80.7615.29 kg), whereas a second set of subjects
(n510, 7 males and 3 females) were just positioned into
side-posture (29.365.71 years; 174.166.36 cm;
80.6614.57 kg). All subjects were neurologically screened
by one clinician before the initiation of the experiments to
exclude subjects with radiculopathy or peripheral neuropa-
thy. The local ethics committee reviewed and approved all
experimental procedures. All subjects signed an informed
consent form.

Experimental design. The susceptibility of motoneurons
to inhibition is dependent upon size of the pre-baseline
H/Mmax ratio [19]. Baseline H/Mmax ratios of 25% to 45%
are typically used to study decreases in motoneuron activity
after a conditioning stimulus, eg, SM procedures, as there is
rapid decrease in the amount of motoneuronal inhibition for
larger baseline values [19–21]. Thus, all subjects’ baseline
H/Mmax ratios were required to be within the aforemen-
tioned range for inclusion in the study.

The time line for evoking H-reflex responses was the
same for both groups of subjects. Before each spinal proce-
dure, 10 maximal H-reflexes were recorded as pre-baseline
values. The stimulation rate for evoking baseline responses
was 0.10 Hz. Immediately after the spinal procedure, max-
imal H-reflexes were measured at 10-second intervals with-
in the first 60 seconds to determine the acute time course of
post-procedures effects on motoneuronal activity. Ten max-
imal H-reflexes were also recorded at 5 and 10 minutes post
spinal procedure at a stimulation rate of 0.10 Hz.
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Assessment of motoneuronal activity and tibial nerve
H-reflex methodology. The same procedures as described
above for Experiment 1 were replicated for Experiment 2.

Lumbosacral SM procedure. As previously described [1],
the L5-S1 SM procedure consisted of a HVLA manipula-
tion to the right side of the spine with the subject positioned
into side-posture. The clinician provided a manual contact
upon the tissues overlying the zygapophyseal joint. Manual
contact over the paraspinal soft tissues was slightly in-
creased by providing axial distraction to the spine, coupled
with a posterior to anterior and rotation force, thereby in-
creasing the mechanical load upon the soft tissues. Once
soft-tissue preload was maximized, a HVLA impulsive
thrust was applied. The primary force vector applied to
the zygapophyseal joint was posterior to anterior, with
a secondary vector consisting of rotation. After the HVLA
thrust, the subject was returned to the prone testing position
for the acquisition of the tibial nerve H-reflex responses,
post SM.

Lumbosacral positioning procedure. Lumbosacral posi-
tioning procedure was performed by having the clinician
assist the subject into the side-posture position. However,
the clinician did not apply lower limb flexion or truncal tor-
que. In an effort to eliminate the effects of the manual ap-
plication of force and velocity to the zygapophyseal joints,
only a minimal manual contact, without manual tension,
was made with the spine. No other components of the
SM procedure were applied. In effect, the positioning
procedure was nothing more than a minimal hand contact
to the paraspinal skin of the subject. The subject was sim-
ply returned to the prone H-reflex testing position following
this minimal manual contact procedure. Minimal manual
handling and positioning of the subject allowed for us to ac-
count for nonspecific effects of SM procedures on moto-
neuron activity [22].

Statistical analyses. The dependent variable was the
H/Mmax ratio. A split-plot ANOVA model (Group�Time)
with repeated measures on time was used to reveal the
effects of a side-posture L5-S1 SM procedure and side-pos-
ture positioning on H/Mmax ratios. The Dunnett’s procedure
for a priori contrasts was used to detect any differences in
H/Mmax ratios between baseline values and post-procedure
time points. All analyses were conducted using SPSS for
Windows. The level of significance was .05 for all statisti-
cal analyses.

Results

Experiment 1

H/Mmax ratios were significantly attenuated immediately
after the spinal procedures involving assisted joint preload
and manipulation, as compared with the pre-baseline values
(Fig. 1; F[6,96]543.45; p!.05). The time by spinal proce-
dure interaction term was significant (F[6,96]513.89; par-
tial eta squared5.465; p!.05). The analysis of simple
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main effect of procedure at each time point detected that
the amount of H/Mmax ratio attenuation was significantly
greater immediately after assisted manipulation as com-
pared with assisted joint preload procedures (10 seconds
time point; F[1,16]518.46; partial eta squared5.536;
p!.05).

H/Mmax ratios were significantly attenuated immediately
after the spinal procedures involving unassisted joint pre-
load and manipulation, as compared with the pre-baseline
values (Fig. 1; F[6,96]528.92; p!.05). However, the time
by spinal procedure interaction term was not significant
(F[6,96]51.49; pO.05). This statistical finding indicates
that the amount of H/Mmax ratio attenuation at the 10 sec-
onds time point after unassisted manipulation was not dif-
ferent from unassisted joint preload procedures.

In summary, there was a H/Mmax ratio attenuation of
18.2% after assisted spinal manipulation, whereas H/Mmax

ratio attenuation was only 9.5% after unassisted spinal ma-
nipulation. Decreases of H/Mmax ratios by 8.5% and 7.5%
were observed after assisted and unassisted joint preload
procedures, respectively. The technique by procedure by
time interaction term was significant (F[6,192]54.99; par-
tial eta squared5.135; p!.05). This statistical finding re-
vealed that the amount of H/Mmax ratio attenuation was
greatest for assisted spinal manipulation as compared with
the other three spinal procedures. Figure 1 summarizes the
data as a function of techniques, procedures, and time.

For both sets of subjects, the maximal M-wave re-
sponses recorded at the beginning and the end of the test
session were not different. These data indicate that the
EMG recording environment was maintained throughout
the test session. Within each set of subjects, a procedure
by order ANOVA model revealed that baseline H/Mmax

ratios were constant throughout the test session. These
data imply that differential carry-over effects from the first
spinal procedure to the second spinal procedure were not
occurring in our experimental design. Submaximal M-wave
responses recorded on the data sweeps with the maximal
H-reflex responses were constant on all trials. (On the ma-
jority of H-reflex trials, there is a small submaximal
M-wave response that occurs at latency of 5 ms and pre-
cedes the H-reflex response. The peak-to-peak EMG ampli-
tude of this submaximal M-wave response, expressed
relative to maximal M-wave response, is typically used to
document the consistency of stimulus intensity across ex-
perimental conditions.) These data indicate that the stimu-
lation of the tibial nerve was constant on all trials.
Collectively, these control data findings indicate that the re-
cording and stimulating environments were maintained
throughout the test session. Thus, the significant decreases
in H/Mmax ratios observed in this study reflected attenua-
tion of motoneuronal activity.

Experiment 2

The Group�Time interaction term was significant
(Fig. 2; F[8,144]54.33; partial eta squared5.194; p!.05).
The analysis of simple main effect of group at each time
point detected that the amount of H/Mmax ratio attenuation
was significantly greater immediately after the L5-S1 side-
posture HVLA SM procedure as compared with the
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side-posture positioning maneuver (10 seconds time point;
F[1,18]58.06; partial eta squared5.309; p!.05).

There were significant decreases in H/Mmax ratios from
10 to 50 seconds after the L5-S1 SM procedure (Fig. 2; F[6,
108]532.61; p!.05). The side-posture positioning maneu-
ver also significantly decreased the H/Mmax ratios from 10
to 30 seconds, post-procedure (Fig. 2; F[6, 108]59.38;
p!.05). The treatment effect of the L5-S1 SM procedure
on decreases in H/Mmax ratios accounted for 64% of mea-
surement variance (partial eta squared5.644), whereas the
treatment effect of the side-posture positioning maneuver
on decreases in H/Mmax ratios accounted for only 34% of
measurement variance (partial eta squared5.342).

As described above for Experiment 1, the control data
findings indicated that the recording and stimulating envi-
ronments were maintained throughout the test session.
Thus, the significant decreases in H/Mmax ratios observed
in Experiment 2 reflected attenuation of motoneuronal
activity.

Discussion

Comparisons of tibial nerve H-reflex responses before
and after assisted and unassisted HVLA manipulative
thrusts and low-velocity, joint preload procedures in the
prone position substantiated the hypothesis that SM may
provide a procedure-specific sensory input that differs from
nonspecific perturbation. The inhibition of the tibial nerve
H-reflex response appears to have a dependence on the var-
ious types of manipulation-induced vertebral loading ap-
plied to the lumbar spine. The comparison of tibial nerve
H-reflex responses before and after a side-posture position-
ing maneuver and a side-posture HVLA SM substantiated
the hypothesis that the specific aspects of the manipulative
thrust lead to a greater attenuation of the H/Mmax ratio as
compared with the nonspecific aspect related solely to the
postural perturbation. The control data indicated that the
H/Mmax ratio was a valid index of motoneuronal activity,
because the recording and stimulating environments were
the same before and after an experimental perturbation.

These data indicate that the specific aspects of the
HVLA manipulative thrust occur with an acute time course,
10 seconds post-SM. This transient nature of SM inhibition
of motoneuronal activity occurs with a similar time course
as for other basic physiologic responses (cf. below). In our
experiments, the perturbation (ie, the spinal procedure) was
applied to the trunk, whereas the effects of the perturbation
were measured by recording the H-reflex response in a
peripheral muscle, the calf muscle. As such, the stimulus-
response relationship between the spinal perturbation and
tibial nerve H-reflex response is defined as either heterony-
mous inhibition or heteronymous conditioning effects.
There is sufficient evidence to suggest heteronymous inhi-
bition of motoneurons by altering Ia afferent discharges
rates from postural, synergistic, and antagonistic muscles
[21,23–29]. The transient effects of SM on motoneuronal
activity occur with a similar time course as other heteron-
ymous conditioning effects reported in the literature
[24,30].

Documentation of a heteronymous relationship between
the afferent discharges from the trunk and tibial nerve
H-reflex response tends to offer support for the hypothesis
that a basic physiologic response to SM is a transient de-
crease in motoneuronal activity. A heteronymous inhibition
of tibial nerve H-reflex response during trunk flexion has
been previously reported [31]. In addition, electrical, me-
chanical, and chemical stimuli applied to paraspinal tissues
evoke reflex activity in leg muscles supplied by the same
spinal cord segment [32]. These data provide evidence for
the convergence of afferent discharges from the ligament–
muscular system of the spine onto alpha motoneurons of
segmentally related peripheral muscles.

The exact physiologic mechanism underlying SM-
induced inhibition of motoneuronal activity is unknown.
SM may produce an inhibitory reflex response that is seg-
mental in origin [9,10]. In support of an inhibitory segmen-
tal reflex response, Indahl et al. [9], using a porcine model,
reported that distension of the zygapophyseal joint by injec-
tion of physiologic saline reduced the amplitudes of motor
unit action potentials recorded from the paraspinal muscu-
lature. These data suggest that mechanical perturbations,
such as SM, may initiate afferent discharges from mecha-
noreceptors and free nerve endings in the annulus fibrosus,
zygapophyseal joint capsule, and ligaments of the spine
that synapse on inhibitory interneurons, which in turn in-
hibit motoneurons [9]. Although recent data substantiate in-
tersegmental reflex pathways between lumbar paraspinal
tissues, the effect of these intersegmental reflex pathways
on motoneuronal activity requires further clarification [32].

Experimental models of applying a spinal manipulative-
like load to cervical and lumbar vertebrae are now available
to study changes in afferent activity after an impulsive
thrust [33,34]. The mechanoreceptors of the lumbar spine
may make a major contribution to the overall inhibitory ef-
fect of SM on motoneuronal activity, because their dis-
charge characteristics are reported to be dependent upon
the force and direction of the applied loads [10,35,36].
Group III and IV muscle afferents from receptive fields
within and near the facet joint capsule increase their dis-
charge rates in graded fashion to the direction of the me-
chanical load applied to the lumbar facet joint [36]. Ib
afferents from Golgi tendon organs increase their discharge
rates to a greater extent in response to an impulse thrust as
compared with static load applications to the lumbar spine
[34,37]. Individual Golgi tendon organs respond preferen-
tially to the direction of vertebral loading [37]. Importantly,
the stimulation of Group Ib, III, and IV muscle afferents
exerts an inhibitory effect on alpha motoneurons [10,11].

Spinal manipulative-like loads also modify the discharge
rates of Ia afferents from muscle spindles in the lumbar
spine. Discharge rates of Ia afferents increased more in
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response to an impulse thrust than to static loading of the
lumbar spine [37]. Individual muscle spindles responded
preferentially to the direction of vertebral loading [37].
Most importantly, after the impulse thrust, the discharge
of Ia afferents was silent from 0.1 to 4.3 seconds and the
resting discharge rates of Ia afferents did not return to con-
trol values from a time course of 100 ms to 21 seconds [37].
As such, the transient nature of SM inhibition of motoneu-
ronal activity may involve decreased excitatory inputs from
the muscle spindle afferents, ie, aftereffects.

Aftereffects refer to changes in sensory discharge rates,
predominantly in Ia afferents, that occur in response to an
alteration in a muscle’s history of activation and length
changes [38]. This basic receptor property of muscle spin-
dles has been demonstrated in the lumbar spine [10]. The
time course of aftereffects is from a standard of 2 seconds
up to 400 seconds, with maximum effects persisting for 50
seconds [30,38,39]. With respect to inhibition of motoneu-
ronal activity, the specific aspects of the HVLA thrust at 10
seconds post and the nonspecific aspects of the HVLA
thrust, which persist until 50 seconds post, are consistent
with these previous reports on muscle spindle aftereffects.

Depression of Ia-motoneuron synapse after a previous
activation of the stretch reflex arc is a well-documented
physiological phenomenon known as post-activation de-
pression [40]. The recovery of the Ia-motoneuron synapse
from post-activation depression occurs gradually over the
time course of 16 seconds [40]. HVLA thrust is equivalent
to rapidly applying a mechanical strain to the trunk. Me-
chanical strain of the ligament–muscular system of the
spine evokes reflex activation of paraspinal muscles
[41,42]. Most relevant, the force application of a HVLA
thrust evoked reflex activation of muscles targeted by the
SM [43,44]. In support of post-activation depression, reflex
activation of SM-targeted thoracic musculature led to a sub-
sequent alleviation of hypertonicity, as detected with sur-
face EMG recordings, in one symptomatic patient with
thoracic back spasms [44]. These data, in concert with data
on heteronymous conditioning effects, lend support to the
hypothesis that post-activation depression may contribute
to the decreased convergence of Ia afferent discharges from
ligament–muscular system of the spine onto alpha moto-
neurons of segmentally related peripheral muscles.

Regardless of the exact mechanism, the current data and
previous reports (cf. Introduction) on the effects of SM on
motoneuronal activity document a transient inhibition. The
inhibition of the tibial nerve H-reflex response appears to
be dependent upon the velocity and direction of vertebral
loading applied to the lumbar spine. The inclusion of ap-
propriate control procedures allowed us to better differenti-
ate among the specific and nonspecific aspects of SM. As
such, the data obtained in the current research may assist
the design of future research wherein the physiologic ef-
fects of various manual techniques may be relatively com-
pared. Similar to our H/Mmax ratio data, ‘‘gapping’’ of
lumbar zygapophyseal joints was greater after side-posture
adjusting (HVLA SM) as compared with side-posture posi-
tioning [45,46].

Based upon the current research, the interpretation of
H/Mmax ratios as a clinical outcomes instrument is inappro-
priate. However, the interpretation of H/Mmax ratios as
a physiologic response to a therapeutic-based manual pro-
cedure is appropriate. The inclusion of three experimental
groups (HVLA SM, joint preload, and side-posture posi-
tioning) in future investigations may provide additional in-
sights on the relative contributions of body positioning and
mobilization procedures to the transient decrease in moto-
neuronal activity after a HVLA thrust. Our research group
is currently conducting experiments to further address the
specific and nonspecific aspects of a HVLA thrust to the
lumbar spine with the subject in side-posture. Randomized
clinical trials of high methodological quality provide mod-
erate evidence of short-term efficacy for SM in the treat-
ment of acute low back pain, as well as SM combined
with mobilization for chronic low back pain [47]. Although
additional quality research endeavors using randomized
clinical trials are needed to further address the efficacy of
SM, an understanding of the basic physiologic mechanisms
underlying SM may help identify a distinct population of
patients who have a high probability of benefiting from
HVLA manipulative thrusts and other spinal procedures.

The possible clinical relevance of these data at this junc-
ture can only be speculative. However, it is feasible that the
sensory afferent input provided by HVLA SM may in some
manner intervene or alter dorsal horn processing of other
sensory stimuli, such as nociception. The time course of
these inhibitory effects is quite transient. However, when
SM is performed on a serial basis, the sensory input may
be integrated differently. Serial SM and its effect on moto-
neuron excitability are currently being evaluated in our lab-
oratory. It has been proposed that perhaps SM intercedes in
the so-called ‘‘pain-spasm-pain’’ cycle. Although this sup-
position would appear to be a logical extrapolation of these
data, one cannot definitely draw these conclusions by these
data alone. The presence of, and the physiologic mecha-
nisms of the pain-spasm-pain cycle are not conclusive. In
theory, the attenuation of motoneuron excitability, even if
transient, may alter the process in which sensory stimuli
effects motor output. Clearly, these putative roles for the
inhibitory effects of SM are hypothetical at this time.

In conclusion, SM may provide a unique sensory input
that appears to be dependent on the type of manipulative
thrusts and vertebral loading applied to the lumbar spine.
These data indicate that body perturbation, or positioning,
is not the main contributor to this reliable and consistent
attenuation of motoneuronal activity that occurs as a conse-
quence of SM. Clinical implications of the transient nature
of SM inhibition of motoneuronal activity await further
clarification; however, the authors are currently conducting
experiments in chronic low back pain patients in order to
further define any possible putative clinical role that inhibi-
tion of motoneuron excitability may play.
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