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ABSTRACT

Background: Previous investigations indicate that spinal manipulation leads to short-term attenuation of
�-motoneuron excitability, when assessed by means of the Hoffmann reflex. Past studies, however, are
limited to regional effects, such as lumbar manipulation effects on lumbar �-motoneuron activity.

Objective: This study compared and contrasted the effects of cervical and lumbar spine manipulation
on the excitability of the lumbar �-motoneuronal pool in human subjects without low back pain, and
compared the effects of cervical (nonregional) and lumbar (regional) spinal manipulation on lumbar �-
motoneuron pool excitability in healthy subjects. The specific aim of this study was to determine if the
inhibitory effects on the lumbar �-motoneuron pool associated with spinal manipulation are limited to the
specific region in which the manipulative procedure is applied, or if rostral (cervical) manipulation can
also influence caudal (lumbar) motoneuron excitability.

Method: Thirty-six nonpatient human subjects were used to study the effect of cervical and lumbar
spinal manipulation on the amplitude of the tibial nerve Hoffmann reflex, recorded from the
gastrocnemius muscle. The Hoffmann reflex (H-reflex) technique allows for an indirect index of
motoneuron pool excitability by means of peripheral nerve Ia-afferent fiber stimulation. Reflexes were
recorded before and after spinal manipulative procedures.

Results: Lumbar spinal manipulation, as measured by amplitude changes of the tibial nerve H-reflex,
attenuated lumbar �-motoneuronal activity. Suppression of motoneuronal excitability was significant (P �
.05) but transient, with a return to baseline within 60 seconds after manipulation. Cervical spinal
manipulation had no significant effect on lumbar motoneuron activity.

Conclusion: These data indicate that the inhibitory effects of spinal manipulation on motoneuronal
excitability are regional, rather than global. (J Manipulative Physiol Ther 2002;25:318-25)

Key Indexing Terms: Chiropractic Manipulation; H-reflex; Back Pain; Electromyography

INTRODUCTION

Despite the widespread use of spinal manipulative
therapy (SMT) in the management of patients with
neck and low back pain, the physiologic effects

exerted on the human motor system are largely unknown.
Previous research from our laboratory indicates that there is

an attenuation of motoneuron activity immediately after high-
velocity, low-amplitude (HVLA) spinal manipulation with
thrust, as well as mobilization without thrust, to the lumbosa-
cral spine in asymptomatic subjects.1,2 Similarly, SMT of the
sacroiliac joint produced an attenuation of motoneuron activity
for up to 15 minutes after manipulation in asymptomatic sub-
jects.3 These data in asymptomatic subjects provide evidence
that a basic physiologic response to SMT is a transient decrease in
motoneuron activity. Although the mechanisms and the extent to
which SMT attenuates motoneuron activity remain to be eluci-
dated, it is of significance to chiropractors to substantiate the
integrative nature of SMT effects on the motor system.

Many practitioners of SMT have promulgated the con-
cept that the modality may evoke both integrative central
control responses4 and local segmental responses.5 If the
influence of SMT on the motor system involves integrative
central control responses, then concomitant changes in mo-
toneuron activity should occur along the entire neuraxis.
According to some reports,6,7 the cervical spine may pos-
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sess a greater responsiveness to SMT than the lumbar spine,
in part because the cervical spine compared with the lumbar
spine is more richly populated by zygapophyseal joint
mechanoreceptors and muscles spindles. These spinal and
paraspinal receptors have been implicated as the primary
afferent generators that are potentiated as a consequence of
SMT.1-3 In addition, the extensive convergence of neck
afferents on vestibular nuclei and propriospinal neurons
allows for complex patterns of facilitation and inhibition of
motoneurons at all levels of the spinal cord.8-15

Conversely, if the influence of SMT on the motor system
involves local segment responses, then changes in motoneu-
ron activity should be specific to the level of the SMT
procedure. At the segmental level, SMT has been postulated
to relieve mechanical nerve compression at dorsal and ven-
tral rami.16 SMT may also produce an inhibitory reflex
response that is segmental in origin.17 In support of an
inhibitory segmental reflex response, mechanical perturba-
tions, such as SMT, may initiate afferent discharges from
mechanoreceptors and free nerve endings in the annulus
fibrosus, zygapophyseal joint capsule, and ligaments of the
spine that synapse on inhibitory interneurons, which in turn
inhibit motoneurons.17

The available research to date supports the supposition
that treatment effects of SMT are localized to segmentally
related muscle groups.1-3,5,18,19 However, the qualitative
analysis of surface electromyographic responses was a ma-
jor limitation of the research by Herzog and colleagues.5,19

Another experimental protocol to quantify motoneuron ac-
tivity uses the Hoffmann reflex (H-reflex) technique. The
H-reflex technique involves peripheral stimulation of the
Ia-afferent feedback pathway to assess the excitability of the
�-motoneuron pool. The advantage of the H-reflex tech-
nique compared with measuring surface electromyographic
responses is that the peripheral stimulation of Ia afferents
evokes a clearly defined compound muscle action potential.
The amplitude of the H-reflex is easily quantified by mea-
suring the peak-to-peak electromyographic (EMG) re-
sponse. Although the research of Dishman and Bulbulian1,2

used the H-reflex technique, their data were limited to
SMT-targeted motoneurons that were segmentally related,
such as lumbar spinal manipulation effects on tibial nerve
H-reflex responses.

A distinction between integrative central control re-
sponses and local segmental responses is significant with
respect to understanding the potential mechanisms of SMT.
Clinical conditions involving spasticity and hypertonicity
have been attributed to pathophysiologic abnormalities in
the modulation of motoneuron activity by presynaptic and
postsynaptic interneurons.20 Central nervous system regu-
lation of these modulatory interneurons may involve influ-
ences from local spinal circuits, propriospinal pathways, or
supraspinal reflex loops. Knowledge of neural pathways
affected by SMT will provide the anatomic foundation for
identifying the inhibitory mechanisms by which SMT may

attenuate motoneuron activity. Similar to pharmacologic
interventions, an understanding of the influence of SMT on
presynaptic and postsynaptic processes is important to iden-
tify pathophysiologic abnormalities that may be corrected
by SMT.

The purpose of this research was to differentiate between
integrative central control responses and local segmental
responses evoked by SMT. This information was ascer-
tained by comparing and contrasting the effects of lumbar
and cervical SMT procedures on the tibial nerve H-reflex
response.

METHODS

Subjects and Experimental Design
Thirty-six volunteers were recruited from a college stu-

dent population. The subjects were randomly assigned to 1
of 3 experimental groups: (1) lumbar spinal manipulation (n
� 12); (2) cervical spine manipulation (n � 12), or (3)
cervical and lumbar spine manipulation (n � 12). There
were 7 males and 5 females in each group. The subjects in
each group were of similar age, height, and weight (Table
1). All subjects received a neurologic screening by one
clinician before the initiation of the experiments to exclude
subjects with radiculopathy or peripheral neuropathy. The
local ethics committee reviewed and approved all experi-
mental procedures.

One clinician with 15 years of experience performed the
spinal manipulation procedures, which were delivered uni-
laterally to the right side of the spine. The segmental levels
targeted by the spinal manipulation procedures were C5-6
and L5-S1. The subjects in Group 3 received both spinal
manipulation procedures on a single test day, in a random
order. The interval of time between spinal manipulation
procedures was 20 minutes.

The tibial nerve H-reflex technique as described by
Hugon21 was used to quantify motoneuron activity, before
and after spinal manipulation procedures. M-wave and H-
reflex responses were recorded from the right gastrocnemius
muscle by use of standard EMG techniques. Peak-to-peak
EMG amplitude values of the M-wave and H-reflex re-
sponses were measured. At the beginning of the test session,
the H/M recruitment curve was generated by increasing
stimulus intensity from 0 to 150 V, in 5-V increments. The
maximal M-wave was defined as the plateau in EMG am-
plitude that occurred in response to 3 successive 5-V incre-
ments of stimulus intensity. To determine the stimulus in-

Table 1. Subject characteristics (Mean � SD)

Group Age (years) Height (cm) Weight (kg)

Lumbar 27.3 � 2.86 170.4 � 9.60 71.0 � 10.93
Cervical 27.3 � 4.08 172.5 � 9.27 75.1 � 16.85
Lumbar � cervical 27.2 � 3.67 169.8 � 8.28 71.1 � 11.95
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tensity for evoking maximal H-reflexes, stimulus intensity
was increased in 2-V increments within the range of �5 V
from the apex of the H-reflex recruitment curve. This opti-
mal stimulus intensity for evoking maximal H-reflex re-
sponses was not adjusted for the remainder of the experi-
mental session.

Before delivering the spinal manipulation procedure, the
mean EMG amplitude of 10 maximal H-reflex responses
was recorded as the baseline value. The stimulation rate for
evoking baseline H-reflex responses was 0.1 Hz. Immedi-
ately after the spinal manipulation procedure, maximal H-
reflex responses were measured at 10-second intervals
within the first 90 seconds to determine the acute time
course of postmanipulation effects on motoneuron activity.
Ten maximal H-reflexes were also evoked 5 and 10 minutes
after manipulation at a stimulation rate of 0.1 Hz. At the
completion of the postmanipulation H-reflex testing, the
maximal M-wave response was recorded.

H-reflex Methodology
A prone testing position was used when the spinal ma-

nipulation procedure was delivered to L5-S1 segments,
whereas a semireclined testing position was used when the
spinal manipulation procedure was delivered to the C5-6
segments. For both testing positions, the subject’s right foot
was lightly secured to a plate to maintain a 90° angle of the
foot to the tibia.

The right tibial nerve was stimulated in the popliteal fossa
by use of a 1.0-ms square-wave pulse delivered by a con-
stant voltage stimulator (Grass S88, Grass Instruments, W
Warwick, RI). The cathode-stimulating electrode was posi-
tioned within the popliteal fossa at the optimal location for
evoking an H-reflex in the gastrocnemius muscle. The op-
timal location for the cathode was defined as the site within
the popliteal fossa at which a slightly suprathreshold stim-
ulus for evoking an H-reflex did not simultaneously evoke
an M-wave response. The anode stimulating electrode was
placed 10 cm proximal to the cathode on the posterior thigh.
The stimulating electrodes were 10-mm self-adhesive, pre-
gelled, disposable AgCl electrodes.

Bipolar EMG recordings of M-wave and H-reflex re-
sponses in the right gastrocnemius muscle (GM) were mea-
sured by use of self-adhesive, pregelled, disposable surface
Ag-AgCl electrodes. The bipolar electrode configuration
was in accordance with the methodology outlined by Brad-
dom and Johnson22 to ensure consistent placement of the
recording electrodes over the GM across subjects (Fig 1).
The recording areas for the active and reference electrodes
were 15 mm � 20 mm. The ground electrode was 10 mm in
diameter. The EMG signal was bandpass filtered (10 Hz to
1 kHz) and amplified by use of an Grass P511 EMG system
(Grass Instruments, W Warwick, RI). Peak-to-peak EMG
values (EMG amplitudes) of the M-wave and H-reflex re-
sponses evoked in the GM were recorded with a digital

oscilloscope (Tektronix TDS 420, Tektronix Inc, Beaver-
ton, Ore).

Spinal Manipulation Procedures
The cervical and lumbar spinal manipulative procedures

consisted of HVLA manipulation, as commonly performed
by practitioners of manual medicine.5,9,23 These procedures
consisted of a supine rotational manipulation for the
cervical region, and a “side-posture” rotational manipu-
lation for the lumbosacral region. The spinal manipula-
tion procedures were delivered unilaterally to the right
side of the spine (homolateral to the H-reflex recording
site). The force applied to the spine in these types of
procedures has been previously reported to be delivered
in approximately 200 ms,18 with linear vertebral dis-
placements of less than 10 mm.23 The manual force, or
thrusts, to the zygapophyseal joint are applied at the end

Fig 1. Location of electrodes for obtaining tibial nerve H-reflex.
The active (recording) electrode is placed half the distance be-
tween midpopliteal fossa and apex of the medial malleous. R,
Reference electrode is applied over the triceps surae tendon. The
ground is placed between the active and stimulating electrodes. S,
Stimulating electrodes are applied directly over the nerve on the
popliteal fossa.
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of physiologic range of joint motion and extend into the
so-called “paraphysiologic zone” of joint motion.24 The
paraphysiologic zone is defined as the endpoint range of
motion in which a joint can be passively forced without
any deleterious effects.24

For the lumbosacral spinal manipulative procedure, the
subject was in a lateral decubitus posture, with the right side
up. The clinician provided a manual contact on the tissues
overlying the right L5-S1 zygapophyseal joint. Using the
right-handed Cartesian orthogonal coordinate system of
movement as a reference,25 manual tension was slightly
increased by providing �Y-axis translation (axial distrac-
tion) to the spine, coupled with a ��Y-axis rotation force,
thereby increasing the mechanical load on the soft tissues.
Once tissue tension was maximized, an HVLA impulsive
force was applied. The primary force vector applied to the
zygapophyseal joint was �Z-axis translation, (posterior-
anterior) with a secondary vector consisting of ��Y-axis
rotation (left axial rotation). This L5-S1 spinal manipulative
procedure has been previously described by the authors.1

On completion of the lumbosacral spinal manipulative pro-
cedure, the subject was returned within 10 seconds to the
prone H-reflex testing position.

For the cervical spine manipulation procedure, the sub-
ject was in a supine, semirecumbent position. The clinician
applied a right hand contact to the paraspinal tissues over-
lying the right C5-6 vertebral level. The lateral aspect of
digit two was applied to the tissues overlying the right
lamina-pedicle junction. The subject’s head was then placed
in the ��Y plane (left head rotation), with increasing pres-
sure applied to the soft tissues. An HVLA manual thrust was
applied with a primary force vector of ��Y (rotation), with
a secondary vector of ��Z rotation (lateral flexion). On
completion of the manipulative procedure, the subject’s
head was returned to the neutral position. Within 10 sec-
onds, after manipulation H-reflex testing began with the
subject in a supine, semireclined position.

Statistical Analysis
The H/Mmax ratio was the dependent variable. The

H/Mmax ratio reflects the proportion of the �-motoneuron
pool recruited by Ia afferents and is used as a functional
index of motoneuron activity.21 Data from Groups 1 and 2
were analyzed by use of a Group � Time mixed analysis of
variance (ANOVA) model to reveal the segmental effects of
spinal manipulative procedures. The Dunnett test for a priori
contrasts was used to detect any differences between base-
line values and postmanipulation time points. A trend anal-
ysis was used to describe the nature of the H/Mmax ratio
recovery profile after a spinal manipulative procedure.
Analysis of the simple effects of Group within Time, incor-
porating the baseline value as the covariant, was used to
compare postmanipulation time points between the cervical
and lumbosacral spinal manipulative procedures. This anal-
ysis of covariance provided statistical control for slight

variations in baseline values that may occur in a between-
subjects experimental design.

The within-subjects design is an experimental approach
to increase statistical precision. For subjects in Group 3, a
Site � Time repeated measures ANOVA model was used to
reveal the possible segmental effects of spinal manipulative
procedures. The Dunnett test, trend analysis, and analysis of
simple main effects of Site within Time were used to detect
differences in the recovery profiles of the H/Mmax ratio
after cervical and lumbosacral spinal manipulative proce-
dures.

A 2-factor mixed ANOVA model was used for Groups 1
and 2 and a 2-factor repeated measures ANOVA model was
used for Group 3 to reveal differences in the maximum
M-wave amplitudes from pretesting to posttesting as a func-
tion of cervical and lumbosacral spinal manipulative proce-
dures. The Erlebacher’s ANOVA procedure26 was used to
reveal any statistical effect of experimental design on the
recovery profiles of the H/Mmax ratio after cervical and
lumbosacral spinal manipulative procedures.

RESULTS

The H/Mmax ratio was significantly depressed with re-
spect to baseline values for 60 seconds after the L5-S1
spinal manipulative procedure, without a concomitant
change after the C5-6 spinal manipulative procedure
(Fig 2; P � .05). The H/Mmax ratio recovery after the
L5-S1 SMT procedure occurred in 2 phases (P � .05).
There was a rapid recovery of the H/Mmax ratio between 10
to 20 seconds, with a more gradual recovery from 20
seconds to 60 seconds. These data profiles were similar for
the 2 experimental designs as determined by the Erlebach-
er’s ANOVA procedure (Fig 2, A and B). This significant
interaction between the spinal level of the SMT procedure
and the H/Mmax ratio recovery profile indicated that inhi-
bition of motoneuron activity after SMT involved a local
segmental response.

The H/Mmax ratio at each postmanipulation time point
was also compared between L5-S1 and C5-6 SMT proce-
dures. The H/Mmax ratio after the L5-S1 SMT procedure
was significantly depressed with respect to the H/Mmax
ratio after the C5-6 SMT procedure for 40 seconds in the
subjects assigned to the repeated measures experimental
design (Fig 2, A; P � .05, Group 3). Comparison of post-
manipulation time points between Groups 1 and 2, by use of
the baseline value as the covariate, detected that the
H/Mmax ratio at 10 seconds was significantly depressed for
the L5-S1 SMT procedure compared with the C5-6 SMT
procedure ( Fig 2, B; P � .05).

Post hoc power analysis revealed that a sample size of 20
subjects was needed to detect significant differences for 40
seconds postmanipulation at an adopted power of .80, when
comparing L5-S1 and C5-6 spinal manipulative procedures
on lumbosacral motoneuron activity by use of a between-
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subjects experimental design. Experimental design type did
not influence this comparison of L5-S1 and C5-6 SMT
procedures and H/Mmax ratio at each postmanipulation time
point, as determined by the Erlebacher’s ANOVA procedure.
Our use of the Erlebacher’s ANOVA procedure, however,
demonstrated that the within-subjects experimental design in-
creased the statistical precision of detecting the segmental
nature of SMT procedures on motoneuron activity without
confounding the data analyses. In a between-subjects experi-
mental design, there is loss of statistical precision and a need
for a greater number of subjects because of the intrusion of
individual differences on observed conditions.

The amplitudes of the M-wave responses were consistent
from pretesting to posttesting in all subject groups (Table 2).
These data indicated that recording and stimulating environ-
ments were the same throughout the experimental session,
before and after spinal manipulative procedures. Thus, the

changes in the H/Mmax ratio reflected the physiologic effects
of spinal manipulative procedures on motoneuron activity.

DISCUSSION

The results of this investigation indicate that lumbar SMT
exerts a transient but significant attenuation of the lumbar

Fig 2. Comparison of effects of lumbar versus cervical spine manipulation on lumbar motoneuron excitability measured by means of
gastrocnemius H-reflex amplitude. Baseline values were recorded before manipulation, with postmanipulation recordings occurring at
10 to 60 seconds, and at 5 and 10 minutes. Significant (P � .05) attenuation of motoneuron excitability is noted to occur for 60 seconds
after lumbar spine manipulation; however, no effect is demonstrable after cervical spine manipulation. A, Results for repeated measures
subjects; B, results obtained from the between-subjects group.

Table 2. Amplitudes of the M-wave responses (mV, Mean � SD)

Groups

Pre
manipulative

procedure

Post
manipulative

procedure

Group 1: lumbar 36.8 � 5.82 36.2 � 5.05
Group 2: cervical 32.6 � 5.56 31.5 � 5.49
Group 3: lumbar 30.3 � 9.54 29.9 � 9.70
Group 3: cervical 32.4 � 9.19 32.5 � 10.04
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region �-motoneuronal pool, as measured by tibial nerve
H-reflex amplitude changes. The effects of cervical SMT on
the excitability of lumbar spinal cord motoneuronal pools
were determined to be insignificant. These data support the
supposition that the effect SMT exerts on the excitability of
the �-motoneuronal pool is one that is profoundly segmen-
tal, rather than global.

Regardless of the exact mechanism, this finding of local-
ized motoneuronal attenuation after SMT corroborates pre-
vious reports.1-3,5,19 The transient nature of SMT inhibition
of motoneurons may involve after-effects (changes in sen-
sory discharge rates, predominantly in Ia afferents) that
occur in response to an alteration in a muscle’s history of
activation and length changes.27 SMT may induce after-
effects by altering the mechanical state of the muscle spin-
dle receptor region.27

SMT is equivalent to rapidly applying a mechanical strain
to the trunk. Mechanical strain of the ligament-muscular
system of the spine evokes reflex activation of paraspinal
muscles.28-30 Reflex activation of the paraspinal muscles
may depress the Ia motoneuron synapse, in accordance with
the well-documented neurophysiologic phenomenon of
postactivation depression.31 Although postactivation de-
pression appears to be limited to the fibers activated by the
conditioning procedure,31 there is sufficient evidence to
suggest heteronymous inhibition of motoneurons by altering
Ia-afferent discharge rates from postural, synergistic, and
antagonistic muscles.32-35 Moreover, the transient effects of
SMT on motoneuron activity occur with a similar time
course as other after-effects phenomena reported in the
literature.36,37

A presynaptic mechanism underlies the neurophysiologic
phenomenon of postactivation depression.31 In support of
postsynaptic mechanisms, mechanical perturbations, such
as SMT, may initiate afferent discharges from mechanore-
ceptors and free nerve endings in the annulus fibrosus,
zygapophyseal joint capsule, and ligaments of the spine that
synapse on inhibitory interneurons, which in turn inhibit
motoneurons.17 There are numerous conditioned reflex pro-
tocols that one may now use to provide insights on presyn-
aptic and postsynaptic spinal mechanisms underlying the
segmental inhibition of motoneuron activity after SMT.38

These same techniques may be used to more clearly delin-
eate the contributions of the high-velocity thrust and mobi-
lization to the attenuation of motoneuron activity after spi-
nal manipulation.

The current data suggest that descending propriospinal
influences from the cervical spine region may not be sig-
nificantly activated by HVLA cervical spinal manipulative
procedures. This finding is in frank contrast to previous
reports of tibial H-reflex amplitude changes after rapid
volitional head movements. The reports on the effects of
vestibular and neck receptors on tibial H-reflex amplitude
generally indicate that static and dynamic head positions do
exert an influence, depending on the direction of move-

ment.39-44 Although there are several reports describing the
role of neck mechanoreceptors in tonic reflexes,40,42,45-47

the findings tend to reveal paradoxical results with respect
to the effects that cervical spine motion has on caudal
motoneuron pools. Some investigators have suggested that
ipsilateral rotation leads to a reduction in amplitude, al-
though others report the opposite effect.48 Clearly, the role
of mechanoreceptor afferents in the cervical spine on the
excitability of caudal motoneuronal pools is not fully un-
derstood.

The results of this study also do not support the suppo-
sition that the cervical spine may possess a greater respon-
siveness to SMT than does the lumbar spine. Although the
cervical spine and paraspinal tissue reportedly contain a
higher density of mechanoreceptors than the lumbar
spine,6,7,11,49 the summated primary afferent discharge pro-
duced by SMT does not appear to be of sufficient magnitude
to evoke reflex inhibition in caudal regions. Likewise, the
differences in muscle spindle population between the cer-
vical and lumbar paraspinal muscles do not appear to influ-
ence the proposed mechanisms underlying SMT of muscle
spindle after-effects and postactivation depression. Al-
though variations in the density and characteristics of cuta-
neous mechanoreceptors between the two paraspinal re-
gions may also play a role in stimulus-response patterns to
SMT, there are no known reports elucidating this possibil-
ity. In addition, inherent differences in the circuitry of the
cervical and lumbar spinal cords have been reported, in-
cluding differences in neurotransmitter turnover rate, motor
unit size, and low-frequency depression susceptibility.50

Integrative central responses do not appear to contribute
to the attenuation of motoneuron activity after SMT. This
finding may be of significance to practitioners of manual
medicine as some have previously reported that the thera-
peutic modality produces an overall inhibitory effect on
motoneuron excitability.1,3 Clinicians providing manipula-
tive therapy may use the results of this investigation in an
effort to devise a more appropriate treatment regimen that
targets the appropriate spinal segmental levels; however, it
must be unequivocally stated that the clinical implications
of these data are unknown. Our data do not exclude the
possibility that cervical SMT induces a greater attenuation
of segmental motoneuron activity than lumbar SMT. Cer-
vical SMT effects on local motoneuronal pools (flexor carpi
radialis H-reflex) have yet to be reported, but we are inves-
tigating these.

Postural differences between the cervical and lumbar
SMT groups (supine semireclined vs prone, respectively)
most likely cannot account for the results obtained in this
study. Previous investigators have reported that H-reflex
recordings are not significantly different when recorded in
either the supine reclining or prone position; however,
standing postures do affect H-reflex amplitude record-
ings.51,52 Additionally, these data offer a perspective with
respect to issues of appropriate control procedures when
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evaluating motoneuron excitability changes as a conse-
quence of SMT. Clearly, the current data indicate that
cervical perturbation (ie, SMT) does not cause changes in
the excitability of the lumbar motoneuron pool; thus, claims
that SMT may produce the same result as a nonspecific
perturbation, such as a “startle” maneuver, are not supported
by the current data. The current data do, however, tend to
support the supposition that SMT imparts a specific effect
on regional motoneuron pool excitability.

The clinical efficacy of SMT-induced inhibition of mo-
toneuron activity for mechanical neck and low back pain
may involve an alleviation of the “pain-spasm-pain” cy-
cle.1,17,53 Although an alteration of the afferent discharge
reaching the spinal cord may be proposed to assist in dis-
rupting the pain-spasm-pain cycle, the clinical consequence
of attenuation of �-motoneuronal activity has not yet been
established. In addition, the concept of the pain-spasm-pain
cycle remains controversial,54,55 and we acknowledge nu-
merous other plausible competitive theories that attempt to
explain this cycle of pain and muscular spasm. However,
there is some preliminary evidence in the literature to sug-
gest that reflex activation of the paraspinal muscles targeted
by SMT leads to an attenuation of motoneuron activity and
the alleviation of hypertonicity.5,19 Reflex activation of
SMT-targeted thoracic musculature led to a subsequent al-
leviation of hypertonicity in one symptomatic patient with
thoracic muscle spasms.5 Thus, SMT may indeed play some
role in the reduction of pain and muscle spasm in low back
pain populations.

CONCLUSION

Our data support the supposition that SMT inhibition of
motoneuron activity involves a local segmental response
rather than an integrative central response.

Although the mechanism of the attenuation is unknown,
as we previously reported, the characteristics of the inhibi-
tion appear to be consistent with that of muscle spindle
after-effects and postactivation depression. Future research
needs to focus on the local segmental mechanisms under-
lying this transient inhibition of motoneuron activity after
SMT. The results of the current investigation, however,
should be interpreted with caution because the data were
collected from asymptomatic, healthy subjects. Clearly, the
findings cannot be extended to the patient population with
neck or back pain at this time. Future investigations also
need to identify SMT responses obtained in the patient
population with mechanical neck and back pain.

ACKNOWLEDGMENTS

We thank Dennis Homack, DC, for providing the illus-
tration.

REFERENCES

1. Dishman JD, Bulbulian R. Comparison of effects on spinal
manipulation and massage on motoneuron excitability. Elec-
tromyogr Clin Neurophysiol 2001;41:97-106.

2. Dishman JD, Bulbulian R. Spinal reflex attenuation associated
with spinal manipulation. Spine 2000;24:2519-25.

3. Murphy BA, Dawson NJ, Slack JR. Sacroiliac joint manipu-
lation decreases the H-reflex. Electromyogr Clin Neurophysiol
1995;35:87-944.

4. Vincenzino B, Collins D, Benson H, Wright A. An investiga-
tion of the interrelationship between manipulative therapy-
induced hypoalgesia and sympathoexcitation. J Manipulative
Physiol Ther 1998;21:448-53.

5. Herzog W, Scheele D, Conway PJ. Electromyographic re-
sponses of back and limb muscles associated with spinal
manipulative therapy. Spine 1999;24:146-52.

6. McLain RF, Pickar JG. Mechanoreceptor endings in human
thoracic and lumbar facet joints. Spine 1998;23:168-73.

7. Pickar JG, McLain RF. Responses of mechanosensitive affer-
ents to manipulation of the lumbar facet in the cat. Spine
1995;20:2379-85.

8. Abzug C, Maeda M, Peterson BW, Wilson VJ. Cervical
branching of lumbar vestibulospinal axons. J Physiol 1974;
243:499-522.

9. Roberts TDM. Neurophysiology of postural mechanisms.
London: Butterworth; 1978.

10. Brink EE, Suzuki I, Timerick SJ, Wilson VJ. Directional
sensitivity of neurons in the lumbar spinal cord to neck rota-
tion. Brain Res 1984;323:172-5.

11. Amonoo-Kuofi HS. The number and distribution of muscle
spindles in human intrinsic postvertebral muscles. J Anat
1982;135:585-99.

12. Krutki P, Grottel K, Mrowczynski W. Lumbar collaterals of
neurons of the C6 segment projecting to sacral segments of the
cat spinal cord. J Physiol Paris 1998;92:37-42.

13. Miller KE, Douglas VD, Richards AB, Chandler MJ, Foreman
RD. Propriospinal neurons in the C1-C2 spinal segments
project to the L5-S1 segments of the rat spinal cord. Brain Res
Bull 1998;47:43-7.

14. Kuze B, Matsuyama K, Matsui T, Miyata H, Mori S. Seg-
ment-specific branching patterns of single vestibulospinal tract
axons arising from the lateral vestibular nucleus in the cat: a
PHA-L tracing study. J Comp Neurol 1999;414:80-96.

15. Boyle R. Morphology of lumbar-projecting lateral vestibu-
lospinal neurons in the brainstem and cervical spinal cord in
the squirrel monkey. Arch Ital Biol 2000;138:107-22.

16. Floman Y, Liram N, Gilai AN. Spinal manipulation results in
immediate H-reflex changes in patients with unilateral disc
herniation. Eur Spine J 1997;6:398-401.

17. Indahl A, Kaigle AM, Reikeras O, Holm SH. Interaction
between the porcine lumbar intervertebral disc, zygapophysial
joints, and paraspinal muscles. Spine 1997;22:2834-40.

18. Gal J, Herzog W, Kawchuk G, Conway PJ, Zhang YT. Move-
ments of vertebrae during manipulative thrusts to unembalmed
human cadavers [see comments]. J Manipulative Physiol Ther
1997;20:30-40.

19. Herzog W, Conway PJ, Zhang YT, Gal J, Guimaraes AC.
Reflex responses associated with manipulative treatments on
the thoracic spine: a pilot study. J Manipulative Physiol Ther
1995;18:233-6.

20. Delwaide PJ, Pennisi G. Tizanidine and electrophysiologic
analysis of spinal control mechanisms in humans with spas-
ticity. Neurology 1994;44 (Suppl):S21-S27.

21. Hugon M. Methodology of the Hoffmann reflex in man. In:
Desmodt JE, editor. New developments in electromyography

324 Dishman, Cunningham, and Burke Journal of Manipulative and Physiological Therapeutics
H-Reflex Excitability June 2002



and clinical neurophysiology. Basel (NY): Karger; 1973. p.
277-93.

22. Braddom RI, Johnson EW. Standardization of H reflex and
diagnostic use in Sl radiculopathy. Arch Phys Med Rehabil
1974;55:161-6.

23. Herzog W. Mechanical, physiologic, and neuromuscular con-
siderations of chiropractic treatments. In: Lawrence DJ,
Cassidy JD, McGregor M, Meeker WC, Vernon HT, editors.
Advances in chiropractic. New York: Mosby; 1996: 69-285.

24. Sandoz R. Some physiological mechanisms and effects of
spinal adjustments. Ann Swiss Chiro Assoc 1976;6:1-17.

25. White AA, Panjabi MM. Clinical biomechanics of the spine.
2nd ed. Philadelphia: Lippincott; 1990.

26. Erlebacher A. Design and analysis of experiments contrasting
the within-and between-subjects manipulation of the indepen-
dent variable. Psychol Bull 1977;84:212-9.

27. Gregory JE, Morgan DL, Proske U. Aftereffects in the re-
sponses of cat muscle spindles. J Neurophysiol 1986;56:451-
61.

28. Solomonow M, Zhou BH, Harris M, Lu Y, Baratta RV. The
ligamento-muscular stabilizing system of the spine. Spine
1998;23:2552-62.

29. Stubbs M, Harris M, Solomonow M, Zhou B, Lu Y, Baratta
RV. Ligamento-muscular protective reflex in the lumbar spine
of the feline. J Electromyogr Kinesiol 1998;8:197-204.

30. Solomonow M, Zhou BH, Baratta RV, Lu Y, Harris M.
Biomechanics of increased exposure to lumbar injury caused
by cyclic loading: part 1. Loss of reflexive muscular stabili-
zation. Spine 1999;24:2426-34.

31. Hultborn H, Nielsen J. Modulation of transmitter release from
Ia afferents by their preceding activity: a “post-activation
depression.” In: Rudomin P, Romo R, Mendell L, editors.
Presynaptic inhibition and neural control. Oxford University
Press; 1998. p. 178-91.

32. Gritti I, Schieppati M. Short-latency inhibition of soleus mo-
toneurones by impulses in Ia afferents from the gastrocnemius
muscle in humans. J Physiol 1989;416:469-84.

33. Schieppati M, Romano C, Gritti I. Convergence of Ia fibres
from synergistic and antagonistic muscles onto interneurones
inhibitory to soleus in humans. J Physiol 1990;431:365-77.

34. Rossi A, Zalaffi A, Decchi B. Heteronymous recurrent inhi-
bition from gastrocnemius muscle to soleus motoneurones in
humans. Neurosci Lett 1994;169:141-4.

35. Sabbahi M, Abdulwahab S. Cervical root compression mon-
itoring by flexor carpi radialis H-reflex in healthy subjects.
Spine 1999;24:137-41.

36. Abbruzzese M, Reni L, Minatel C, Favale E. Presynaptic and
postsynaptic mechanisms underlying H-reflex changes pro-
duced by a selective voluntary contraction. Muscle Nerve
1998;21:439-53.

37. Gregory JE, Mark RF, Morgan DL, Patak A, Polus B, Proske
U. Effects of muscle history on the stretch reflex in cat and
man. J Physiol 1990;424:93-107.

38. Pierrot-Deseilligny E, Mazevet D. The monosynaptic reflex: a
tool to investigate motor control in humans. Interest and
limits. Neurophysiol Clin 2000;30:67-80.

39. Delwaide PJ, Figiel C, Richelle C. Effects of postural changes
of the upper limb on reflex transmission in the lower limb.
Cervicolumbar reflex interactions in man. J Neurol Neurosurg
Psychiatry 1977;40:616-21.

40. Rossi A, Mazzocchio R. Influence of different static head-
body positions on spinal lumbar interneurons in man: the role
of the vestibular system. ORL J Otorhinolaryngol Relat Spec
1988;50:119-26.

41. Chan CW, Kearney RE. The controversy over the influence of
static tilt on soleus motoneuron excitability in man. Exp
Neurol 1984;83:211-4.

42. Aiello I, Rosati G, Sau GF, Cacciotto R, Lentinu ME, Tidore
B, et al. Modulation of soleus H reflex by lateral tilting in man.
Muscle Nerve 1992;15:479-81.

43. Imanaka K, Funase K, Nishihira Y. Reconsidering the 90
degrees head-rotation paradigm used in neuropsychological
research: are there reflexive rather than hemispatial effects?
Neuropsychologia 1994;32:569-78.

44. Paquet N, Hui-Chan CW. Human soleus H-reflex excitability
is decreased by dynamic head-and-body tilts. J Vestib Res
1999;9:379-83.

45. Hayes KC, Sullivan J. Tonic neck reflex influence on tendon
and Hoffmann reflexes in man. Electromyogr Clin Neuro-
physiol 1976;16:251-61.

46. Chuang TY, Chiou-Tan FY, Pinzon EG, Tuel SM. Late facil-
itation of the human soleus H reflex induced by sustained
isometric maneuver. Am J Phys Med Rehabil 1997;76:188-90.

47. Rossi A, Mazzocchio R, Nuti D. Tonic neck influences on
lower limb extensor motoneurons in man. Electromyogr Clin
Neurophysiol 1986;26:207-16.

48. Traccis S, Rosati G, Patraskakis S, Bissakou M, Sau GF,
Aiello I. Influences of neck receptors on soleus motoneuron
excitability in man. Exp Neurol 1987;95:76-84.

49. Bolton PS. The somatosensory system of the neck and its
effects on the central nervous system. J Manipulative Physiol
Ther 1998;21:553-63.

50. Rossi-Durand C, Jones KE, Adams S, Bawa P. Comparison of
the depression of H-reflexes following previous activation in
upper and lower limb muscles in human subjects. Exp Brain
Res 1999;126:117-27.

51. Al-Jawayed IA, Sabbahi M, Etnyre BR, Hasson S. The H-
reflex modulation in lying and a semi-reclining (sitting) posi-
tion. Clin Neurophysiol 1999;110:2044-8.

52. Goulart F, Valls-Sole J, Alvarez R. Posture-related changes of
soleus H-reflex excitability. Muscle Nerve 2000;23:925-32.

53. Indahl A, Kaigle A, Reikeras O, Holm S. Sacroiliac joint
involvement in activation of the porcine spinal and gluteal
musculature. J Spinal Disord 1999;12:325-30.

54. Roland MO. A critical review of the evidence for a pain-
spasm-pain cycle in spinal disorders. Clin Biomech 1986;1:
102-9.

55. Simons DG, Mense S. Understanding and measurement of
muscle tone as related to clinical muscle pain. Pain 1998;75:
1-17.

325Journal of Manipulative and Physiological Therapeutics Dishman, Cunningham, and Burke
Volume 25, Number 5 H-Reflex Excitability


