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Abstract

 

Background context:

 

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 motoneuron activity as assessed using the Hoffmann reflex
(H-reflex) technique. Previous research from our laboratory indicates that both SM with a high-
velocity, low-amplitude thrust and mobilization without thrust produced a profound but transient at-
tenuation of motoneuronal activity of the lumbosacral spine in asymptomatic subjects. To date, ef-
fects of cervical SM procedures on the excitability cervical motoneuron pools are unknown.

 

Purpose:

 

The objective of this research was to a gain a more complete understanding of the physio-
logic effects of SM procedures on motoneuron activity, by comparing the effects of regional SM on
cervical and lumbar motoneuron pool excitability.

 

Study design/setting:

 

Maximal H-reflex amplitudes were recorded before and after SM in both the
cervical and lumbar regions of asymptomatic subjects in two successive experimental sessions.

 

Patient sample:

 

Asymptomatic, young healthy volunteers were used in this study.

 

Outcome measures:

 

Changes in flexor carpi radialis and gastrocnemius H-reflex amplitudes before
and after SM procedures.

 

Methods:

 

H-reflexes recorded form the tibial and median nerves were evaluated before and after
lumbar and cervical SM, respectively.

 

Results:

 

Both Lumbar and cervical SM produced a transient but significant attenuation of motoneu-
ron excitability. The attenuation of the tibial nerve H-reflex amplitude was proportionately greater
than that of the median nerve, which occurred after cervical SM.

 

Conclusions:

 

SM procedures lead to transient suppression of motoneuron excitability, as assessed
by the H-reflex technique. Lumbar spine SM appears to lead to greater attenuation of motoneuron
activity compared with that of the cervical region. Thus, these two distinct regions of the spine may
possess different responsiveness levels to spinal manipulative therapy. © 2003 Elsevier Inc. All
rights reserved.
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Introduction

 

Spinal manipulation (SM) is a commonly employed non-
operative treatment modality in the management of patients
with neck, low back or pelvic pain. Randomized clinical tri-

als of high methodological quality provide moderate evi-
dence of short-term efficacy for SM in the treatment of
acute low back pain, as well as SM combined with mobili-
zation for chronic low back pain [1]. Rigorous randomized
clinical trials are lacking with respect to efficacy of SM for
mechanical neck pain [2,3], despite moderate evidence-
based support for its implementation in this population
[4,5]. Additional quality research endeavors using random-
ized clinical trials are needed to further address the efficacy
of SM. However, the determination of the clinical efficacy
of SM also depends on identifying a distinct population of
patients who have a high probability of benefiting from SM.
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This latter research criterion requires an understanding of
the basic physiologic mechanisms underlying SM.

One basic physiologic response to SM is a transient de-
crease in motoneuron activity as assessed using the Hoff-
mann reflex (H-reflex) technique [6–8]. The H-reflex tech-
nique involves peripheral stimulation of the Ia afferent
feedback pathway to assess the excitability of the alpha mo-
toneuron pool. Previous research from our laboratory indi-
cated that both SM with a high-velocity, low-amplitude
(HVLA) thrust and mobilization without thrust produced a
profound but transient attenuation (less than 1 minute) of
motoneuronal activity of the lumbosacral spine in asymp-
tomatic subjects [6,7]. Similarly, manipulation of the sacro-
iliac joint produced an attenuation of motoneuron activity
for up to 15 minutes after manipulation in asymptomatic
subjects [8].

In terms of a mechanism for SM-induced motoneuron
inhibition, mechanical strain of the ligament-muscular sys-
tem of the spine evokes reflex activation of paraspinal mus-
cles [9,10]. The HVLA thrust is equivalent to rapidly apply-
ing a mechanical strain to the trunk and, as such, appears to
be the critical factor in reflex activation of paraspinal mus-
cles [11,12]. Reflex activation of paraspinal muscles in re-
sponse to mechanical perturbations triggers a prolonged re-
duction of motoneuron activity [13–16]. Clinically, in a
case study, reflex activation of thoracic musculature after
an HVLA thrust led to a subsequent alleviation of hyperto-
nicity in one symptomatic patient with thoracic back
spasms [12]. Thus, it is plausible that motoneuron inhibi-
tion after HVLA thrust is dependent on reflex activation of
velocity-dependent mechanoreceptors discharged in re-
sponse to SM.

To date, effects of cervical SM procedures on the excit-
ability cervical motoneuron pools are unknown. The cervi-
cal spine, in theory, may possess a greater responsiveness to
SM than does the lumbar spine in part because the cervical
spine, compared with the lumbar spine, is more densely popu-
lated by muscle spindles and zygapophysial joint mechan-
oreceptors, according to some reports

 

 

 

[17–19]. Properties of
synaptic transmission between Ia afferents and motoneu-
rons and motor unit characteristics are inherently different
between the cervical and lumbar spinal cords ([20]). The clini-
cal efficacy of SM in the management of patients with neck
and back pain may potentially depend on the anatomical
and physiological differences between cervical and lum-
bosacral spinal segments.

The objective of this research was to a gain a more com-
plete understanding of the physiologic effects of SM proce-
dures on motoneuron activity. Specifically, our knowledge
of the transient attenuation of motoneuron activity at the
lumbar spinal cord was extended to include the cervical
spinal cord. Comparison between median nerve H-reflex
excitability after a C5–C6 SM procedure and tibial nerve
H-reflex excitability after an L5–S1 SM procedure was
used to address the responsiveness of cervical motoneuron
activity to SM.

 

Methods

 

Subjects and experimental design

 

The subjects were nine healthy, young volunteers re-
cruited from a college student population. One clinician
neurologically screened all subjects before the initiation of
the experiments to exclude subjects with radiculopathy or
peripheral neuropathy. The college’s institutional review
board reviewed and approved all experimental procedures.

A repeated measures experimental design was used. The
median nerve H-reflex response to a C5–C6 SM procedure
and the tibial nerve H-reflex response to an L5–S1 SM were
measured in all subjects. The subjects received the SM pro-
cedures on different test days, in a random order, with a
minimum of 48 hours between experimental sessions. One
clinician, with 15 years of experience, performed the SM
procedures. The SM procedures were delivered homolater-
ally to the H-reflex recording limb (right side) in both re-
gions of the spine.

The measurement protocol used in each experimental
session was as follows. At the beginning of the measure-
ment protocol, the maximal M-wave response was mea-
sured. Immediately before delivering the SM procedure, 10
baseline maximal H-reflex responses were measured at a
stimulation rate of 0.1 Hz. Immediately after the SM proce-
dure, maximal H-reflex responses were measured at 10-sec-
ond intervals within the first 90 seconds to determine the
acute time course of postmanipulation effects on motoneu-
ron activity. Ten maximal H-reflexes were also evoked at 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 measured.

 

H-reflex recording techniques

 

Maximal M-wave and H-reflex recording techniques were
performed as per the methods of Hugon [21] for the tibial
nerve. The subjects were placed prone on a treatment table
with their right foot lightly secured to a plate to maintain a
90-degree angle of the foot to the tibia. The tibial nerve was
stimulated in the popliteal fossa using a 1.0-ms square wave
pulse delivered by a constant voltage stimulator (Grass S88;
Grass Instruments, W. Warwick, RI). The cathode-stimulat-
ing electrode (10 mm self-adhesive, pregelled, Ag-AgCl)
was positioned within the popliteal fossa at the optimal lo-
cation for evoking an H-reflex in the gastrocnemius muscle.
The optimal location for the cathode was defined as the site
within the popliteal fossa at which a slightly suprathreshold
stimulus for evoking an H-reflex did not evoke an M-wave
response. The anode-stimulating electrode was placed 10
cm proximal to the cathode on the posterior thigh. The elec-
tromyographic (EMG) response of the gastrocnemius mus-
cle was recorded using 10-mm bipolar self-adhesive, pregelled,
surface disposable Ag-AgCl electrodes. The Braddom and
Johnson [22] method of electrode configuration was used to
ensure consistent placement of recording electrodes over
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the gastrocnemius muscle across subjects. The EMG signal
was bandpass filtered (10 Hz to 10 kHz) and amplified us-
ing an EMG amplifier system (Grass P511; Grass Instru-
ments, W. Warwick, RI). The peak-to-peak EMG values
(EMG amplitudes) of M-wave and H-reflex responses
evoked in the gastrocnemius muscle were recorded with a
digital oscilloscope (Tektronix TDS 420, Tektronix, Inc.,
Beaverton, OR).

Maximal M-wave and H-reflex recording techniques were
performed as per the methods of Jabre and Stalberg [23,24]
for the median nerve. The subjects were placed in a semire-
clined testing position on a treatment table with the right el-
bow slightly flexed and feet resting on foot plates. The foot
plates were rotated to maintain 90-degree angles at the an-
kle joint. The right median nerve was stimulated using a bi-
polar surface electrode positioned approximately 10 cm above
the cubital fossa on the medial aspect of the upper arm. The
interelectrode distance was 30 mm with the cathode posi-
tioned proximally. The stimulus was a 1-ms square wave
pulse delivered by a Grass S-88 stimulator in series with a
stimulus isolation unit (Grass SIU5).

The determination of the optimal location for the bar
electrode along the median nerve was as follows. The opti-
mal location was the position at which a slightly supra-
threshold stimulus for evoking an H-reflex response did not
simultaneously evoke a large M-wave response in the flexor
carpi radialis muscle. Inclusion criteria for reliable median
nerve H-reflex responses were also used. Median nerve
H-reflex responses had the following characteristics: 1) a la-
tency of 14 to 17 ms; 2) increased amplitude with voluntary
muscle contraction and 3) decreased amplitude with high-
frequency stimulation (1 Hz). In addition, the median nerve
H-reflex responses were evoked with similar latencies and
morphologies from trial to trial. The morphology of the
H-reflex was similar to the morphology of the M-wave. The
ratio of H-reflex to M-wave (H/M)

 

 

 

recruitment profile of
the median nerve H-reflex was typical of the profile that is
described for the tibial nerve H-reflex. Using these criteria,
we ensured that a sufficient proportion of cervical motoneu-
rons participated in the median nerve H-reflex response,
thereby providing us with a valid tool to study the effects of
a cervical manipulation procedure on motoneuron activity.

EMG recording of the evoked H-reflex response in the
flexor carpi radialis muscle was collected with bipolar, sur-
face Ag-AgCl electrodes (15 mm

 

�

 

20 mm). The active re-
cording electrode was placed over the motorpoint of the
flexor carpi radialis muscle, which is designated as one-
third of the distance between the medial epicondyle and the
radial styloid. The reference electrode was placed over the
volar surface of distal forearm directly overlying the flexor
tendons at the wrist. The ground electrode was then placed
between the stimulating bar electrode and the active elec-
trode (10 mm in diameter). This bipolar detection arrange-
ment ensured similar placement of recording electrodes
across subjects. The EMG signal was bandpass filtered (10
Hz to 10 kHz) and amplified using the Grass P511 EMG

system. EMG amplitudes of M-wave and H-reflex responses
evoked in the flexor carpi radialis muscle were recorded
with a digital oscilloscope.

 

H/M recruitment curve

 

At the beginning of the experimental session, the H/M
recruitment curve was generated by increasing stimulus in-
tensity from subthreshold to maximal in 5-volt increments.
The maximal M-wave was defined as the plateau in EMG
amplitude that occurred in response to three successive
5-volt increments of stimulus intensity. Stimulus intensity
was then increased in 2-volt increments within the range of

 

�

 

5 volts from the apex of the H-reflex recruitment curve to
determine the optimal stimulus intensity for evoking maxi-
mal H-reflexes. The optimal stimulus intensity for evoking
maximal H-reflex responses in the gastrocnemius and flexor
carpi radialis muscles was used throughout the protocol
measurement.

 

Spinal manipulation procedures

 

The cervical and lumbar spinal manipulative procedures
consisted of HVLA manipulation, as commonly performed
by practitioners of manual medicine [12,25,26]. These pro-
cedures consisted of a supine rotational manipulation for the
cervical region and a “side-posture” rotational manipulation
for the lumbosacral region. The SM procedures were deliv-
ered 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 re-
ported to be delivered in approximately 200 ms [27], with
linear vertebral displacements of less than 10 mm [25]. The
manual force, or thrusts, to the zygapophysial joint are ap-
plied at the end of physiologic range of joint motion and ex-
tend into the so-called “paraphysiologic zone” of joint mo-
tion [28]. The paraphysiologic zone is defined as the
endpoint range of motion in which a joint can be passively
forced without any deleterious effects [28].

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 zygapophysial joint. Using the
right-handed Cartesian orthogonal coordinate system of
movement as a reference [29], 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
zygapophysial joint was +Z-axis translation (posterior-ante-
rior) with a secondary vector consisting of +

 

�

 

Y-axis rota-
tion (left axial rotation). This L5–S1 spinal manipulative
procedure has been previously described by the authors [7].
Upon completion of the lumbosacral spinal manipulative
procedure, the subject was immediately returned, within 10
seconds, to the prone H-reflex testing position.
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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 overly-
ing the right C5–C6 vertebral level. The lateral aspect of
digit 2 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 pressure ap-
plied to the soft tissues. An HVLA manual thrust was ap-
plied with a primary force vector of +

 

�

 

Y (rotation), with a
secondary vector of +

 

�

 

Z rotation (lateral flexion). Upon
completion of the manipulative procedure, the subject’s
head was returned to the neutral position. Within 10 sec-
onds, postmanipulation H-reflex testing began with the sub-
ject in a supine, semireclined position.

During all tibial nerve H-reflex recordings, the subjects
rested prone on a treatment table with feet resting on foot
plates. The foot plates were positioned to maintain 90-degree
angles at the ankle joint in order to control for the effects of
muscle length on H-reflex responses. Postural effects on
H-reflex responses were accounted for by having the sub-
jects rest their heads face down on the treatment table with
their arms placed to the sides onto arm rests. The arms were
bent at 90-degree angles at the elbow joint, whereas the
head piece on the treatment table allowed for the subject to
rest comfortably face down.

During all median nerve H-reflex recordings, the sub-
jects rested in a supine position on a treatment table with the
right elbow slightly flexed and feet resting on foot plates. In
order to control for the confounding influence of muscle
length changes on H-reflex responses, elbow supports and
wrist straps were used to maintain the right arm in a slightly
flexed position for the duration of the testing session. Pos-
tural effects on H-reflex responses were accounted for by
using a pillow to the support the subject’s head and neck in
the neutral position. The neck pillow was secured to the
treatment table so that the head and neck was consistently
positioned, before and after cervical manipulation.

In summary, neck position, muscle lengths and postural
orientation were constant during all measurement time peri-
ods, before and after spinal procedure. The subjects were
also visually observed for gross changes in arousal states to
include sleeping, deep breathing, and coughing. Measure-
ments of before and after maximal M-waves during the
both experimental sessions and monitoring of submaximal
M-waves during H-reflex recordings ensured that changes in
the stimulating and recording environments were not con-
founding influences on H-reflex responses.

 

Statistical analysis

 

The dependent variable was the ratio of H-reflex

 

max

 

 to
M-wave

 

max

 

 (H/M

 

max

 

 ratio) evoked in the flexor carpi radialis
and gastrocnemius muscles. The H/M

 

max

 

 ratio reflects the
proportion of the alpha motoneuron pool recruited by Ia af-
ferents and is used as a functional index of alpha motoneu-
ron pool excitability. The calculations of the H/M

 

max

 

 ratios

also provided us with a standardized measurement for com-
paring median nerve and tibial nerve H-reflex responses.

A two-factor repeated measures analysis of variance
model was used to compare the H/M

 

max

 

 ratio recovery pro-
files after C5–C6 SM and L5–S1 SM procedures. The Dun-
nett procedure for a priori contrasts was used to detect any
differences between baseline values and postmanipulation
time points for each SM procedure. The H/M

 

max

 

 ratios at
each postmanipulation time point were also compared be-
tween L5–S1 and C5–C6 SM procedures using the baseline
values as covariates.

 

Results

 

There was a transient attenuation of the tibial nerve
H-reflex, with a return to baseline values by 60 seconds af-
ter the L5–S1 SM procedure (Fig. 1; F[8,64]

 

�

 

21.82;
p

 

�

 

.05). The recovery of the tibial nerve H-reflex to base-
line values occurred in two phases (F[1,40] linear

 

�

 

59.46;
F[4,40] departure from linearity

 

�

 

7.76; p

 

�

 

.05). There was a
rapid recovery of the tibial nerve H-reflex between 10 and
20 seconds with a more gradual recovery from 20 seconds
to 50 seconds (Fig. 2). There was also an immediate attenu-
ation of the median nerve H-reflex, with a return to baseline
values by 20 seconds after the C5–C6 SM procedure (Figs.
1 and 2; F[8,64]

 

�

 

6.22; p

 

�

 

.05). Although both tibial nerve
and median nerve H-reflex responses were depressed within
10 seconds of the SM procedure, the amount of H-reflex at-
tenuation was greater after an L5–S1 SM procedure than the
C5–C6 SM procedure (Fig. 2; F[1,7]

 

�

 

10.32; p

 

�

 

.05). The
significant interaction between median nerve and tibial
nerve H/M

 

max

 

 recovery profiles provided statistical evi-
dence that inhibition of motoneuron activity after an SM
procedure is different between cervical and lumbosacral
spinal cord segments (F[8,64]

 

�

 

5.62; p

 

�

 

.05).
In addition, the amplitudes of the M-wave responses

were consistent from pretesting to posttesting in both flexor

Fig. 1. Segmental effects of spinal manipulation (SM) procedures on moto-
neuronal activity. Changes in the H-reflexmax to M-wavemax (H/Mmax) ratios
as evoked by median nerve H-reflex stimulation after a C5–C6 SM proce-
dure; and tibial nerve H-reflex stimulation after an L5–S1 SM procedure.
Baseline values represent the premanipulation H/Mmax ratios. Error bars are
standard errors of the means. p�.05. # � median; * � tibial.
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carpi radialis and gastrocnemius muscles (Table 1). These
data indicated that recording and stimulating environments
were the same throughout the experimental session, before
and after the SM procedure. Thus, the before and after
changes in the H/M

 

max

 

 ratios reflected the physiologic ef-
fects of SM procedures on motoneuron activity.

 

Discussion

 

These data in asymptomatic subjects provide evidence
that a basic physiologic response to SM is a segmental inhi-
bition of motoneuronal activity that is transient in nature. In
agreement with our previous research, an L5–S1 SM proce-
dure exerts a transient but significant inhibition of the lum-
bar motoneuron activity as measured by the tibial nerve
H-reflex response [6,7,30]. The new insight provided by
this research was that SM-induced motoneuron inhibition
was attenuated in the cervical spine compared with the lum-
bar spine. The magnitude and the transient nature of moto-
neuron inhibition were less among cervical motoneurons af-
ter a C5–C6 SM procedure than for lumbar motoneurons
after an L5–S1 SM procedure.

It is important to note that because of our strict inclusion
criteria, the median nerve H/M

 

max

 

 ratios collected in this
investigation are in agreement with literature values for indi-
viduals with robust median nerve H/M

 

max

 

 ratios [23,24,31,32].
Consequently, the proportion of motoneurons participating
in the median nerve and tibial nerve H-reflex responses
were similar, that is, similar H/M

 

max

 

 ratios. Thus, statistical
“floor effects” and susceptibility of motoneurons to inhibi-
tion as a function of test reflex amplitude cannot account for
our data [33]. The differences in the H/M

 

max

 

 recovery pro-
files for cervical and lumbosacral motoneuron pools most

likely reflect anatomical and physiological differences be-
tween these two segments of the spinal cord.

When the stimulating and recording environments are
identical before and after a perturbation, the H/M

 

max

 

 ratio
will be a valid index of the changes in the summation of pre-
synaptic and postsynaptic mechanisms on motoneuron ac-
tivity resulting from the perturbation [34]. Although the
H-reflex is affected by many stimuli [34,35], controlling the
consistency of the stimulating and recording environments
before and after a specific perturbation minimizes the con-
tribution of extraneous factors to H-reflex measurements.
The stimulating and recording environments were the same
before and after manipulation, as evident by our consistent
M-wave data. In addition, all of our H-reflex measurements,
before and after SM, were performed with the subject in the
same testing environment with respect to neck position,
muscle lengths, postural orientation, and arousal state (see
Methods section). As previously reported, cervical SM does
not affect the amplitude of the tibial nerve H-reflex [36],
and side-posture positioning does not affect the amplitude
of motor potentials evoked in the gastrocnemius muscle af-
ter transcranial magnetic stimulation [37]. Thus, it is valid
to conclude that the different stimulus response characteris-
tics of the two regions of the spine occur as a consequence
of HVLA manipulation.

SM-induced mechanical perturbations may initiate affer-
ent discharges from cutaneous receptors, mechanoreceptors
and free nerve endings innervating the muscles, ligaments
and joints of the spine [14,16,38–40]. The role of cutaneous
afferents is marginal with respect to the transient attenua-
tion of motoneuron activity after joint manipulation [6,8].
Neuromuscular massage therapy directed at the paraspinal
musculature of the lumbosacral region did not lead to a tran-
sient attenuation of motoneuron activity, as reported in a
previous study [6]. The cutaneous anesthesia data of Mur-
phy et al. [8] also indicated that effects of manipulative and
mobilization procedures on motoneuron activity is likely me-
diated predominately by joint and muscle afferents, rather
than cutaneous afferents that may be activated by manual
contact.

The cervical spine, compared with the lumbar spine, is
more densely populated by muscle spindles, Golgi tendon
organs, zygapophysial joint receptors and III and IV affer-
ents innervating the surrounding spinal tissue [17–19,38,
41–46]. HVLA thrusts applied to the cervical spine, theoret-
ically then, should evoke a stronger summated afferent vol-
ley from mechanoreceptors as compared with a similar SM

Fig. 2. Ratio of H-reflexmax to M-wavemax (H/Mmax) recovery profiles. The
data bars represent the differences between the H/Mmax ratio at baseline and
at each post–spinal manipulation (SM) time point to graphically depict the
analysis of covariance and trend analysis results. These data representa-
tions clearly show the differential inhibitory effects of SM procedures on
cervical and lumbosacral motoneuronal activity. p�.05. # � median; * �
tibial.

 

Table 1
Evoked M-wave responses, before and after spinal manipulation 
procedures

Electromyographic amplitudes (mV)

Muscles Before SM procedure After SM procedure

Flexor carpi radialis 5.9 

 

� 

 

1.60 6.0 

 

� 

 

1.62
Gastrocnemius 30.4 

 

� 

 

11.14 30.7 

 

� 

 

11.09
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procedure applied to the less dense afferent innervated lum-
bar spine. Clearly, the current data are inconsistent with this
supposition.

Although mechanoreceptor density may not explain our
data, organizational differences in receptor populations
as a function of spinal level have been documented. Muscle
spindle complexes within the neck and cervical paraspi-
nal musculature include paired, parallel and tandem config-
urations, and are linked in chainlike arrays [41,45,46].
These muscle spindle complexes are often structurally asso-
ciated with Golgi tendon organs and joint receptors to form
complexes of neck receptors (cf [47,48]). The structural
coupling of different receptor populations may allow for in-
creased modulation of sensory input from mechanoreceptors
innervating the muscles, ligaments and joints of the cervical
spine compared with the lumbar spine [46–48]. The in-
creased modulation of the summated sensory signals may
increase the signal-to-noise ratio for processing afferent
feedback evoked by a cervical SM procedure compared
with a lumbosacral SM procedure. Consequently, the stabil-
ity of motoneuron pool gain will be better regulated, that is,
less affected by perturbations, in the cervical spinal cord
compared with the lumbar spinal cord. In addition, mechan-
ical thresholds for III and IV afferents are higher in the cer-
vical spine than in the lumbar spine [40,49,50].

In the cervical spinal cord, the increased regulation of
sensory feedback processes and the resultant increased sta-
bility of the input-output properties of the motoneuron pool
may be related to the importance of neck proprioception to
postural control and whole-body movement coordination
[47,49,51,52]. Specifically, the convergence between de-
scending tracts and the population of afferents innervating
the cervical spine is more integrated to account for the com-
plex array of neck muscles that need to control head move-
ments during postural, locomotive and voluntary move-
ments [46,53–61]. The paucity of monosynaptic reflexes in
the dorsal neck muscles of the cat support this notion of an
integrative proprioceptive mechanism involving the neck
musculature and the cervical spine [54,61–65],

 

 

 

whereas the
stronger presence of disynaptic and monosynaptic reflexes
in the lumbosacral paraspinal muscles and hindlimb muscle
systems of the cat suggest that there are segmental differ-
ences in the central processing of proprioceptive informa-
tion [66–68].

In summary, these data indicate that the central process-
ing of afferent information appears to be distinctly different
between the cervical and lumbosacral spinal cord [19,46,
47,49]. The stronger modulation of afferent information by
the cervical spine compared with the lumbosacral spine may
account for our findings, in which the magnitude and the
transient nature of motoneuron inhibition were less among
cervical motoneurons after a C5–C6 SM procedure than for
lumbar motoneurons after an L5–S1 SM procedure. In other
words, the processing of sensorimotor information is more
refined in the cervical spinal cord compared with the lum-
bosacral spinal cord, thereby better maintaining the stability

of the input-output properties of cervical motoneuron pools
to various perturbations.

Inherent differences in the circuitry of the cervical and
lumbar spinal cords may also offer some explanation as to
the differential effects of SM on motoneuron activity in these
two spinal segments. The transient nature of SM-induced
inhibition of motoneurons may involve aftereffects. Afteref-
fects refer to changes in sensory discharge rates, predomi-
nantly in Ia afferents, that persist after mechanical stimula-
tion of joints or soft tissue structures [69]. The time course
of aftereffects is from a standard of 2 seconds up to 400 sec-
onds with maximum effects persisting for 50 seconds
[69,70]. Spinal manipulativelike loads and mechanical stim-
ulation of the facet joints and supraspinous ligaments pro-
duce aftereffects in muscle spindles and Group III and IV
afferents innervating the lumbar spine [13,71]. There is also
sufficient evidence to suggest heteronymous inhibition of
motoneurons by altering Ia afferent discharges rates from
postural, synergistic and antagonistic muscles [72–77]. The
transient effects of SM on motoneuron activity of peripheral
muscles occur with a time course similar to other heterony-
mous aftereffects reported in the literature [72,78,79].

With respect to aftereffects, the distribution of monosyn-
aptic and heteronymous Ia synapses are more restricted in
the cervical spinal cord than in the lumbosacral spinal cord
[45,80–82]. The efficacy of synaptic transmission between
Ia afferents and alpha motoneurons may also be reduced in
the cervical spinal cord compared with the lumbar spinal
cord as evident by the postactivation depression and mono-
synaptic reflex data [30]. There are greater subdivisions of
motoneuron pools in the cervical spinal cord than in the
lumbosacral spinal cord; however, the distribution of moto-
neurons within a single motoneuron pool is more diffuse, al-
lowing for a greater overlap of motoneuron pools [83,84].
Cervical motoneurons compared with lumbosacral moto-
neurons have more elaborate and highly organized dendritic
tree patterns [83]. Gamma motoneuron content is greater in
the cervical spine than in the lumbar spine [85].

In summary, these inherent differences in circuitry of the
cervical cord may reflect the need for central regulation of
motoneuron gain among concurrently active neck muscles
to precisely control head movements [83,86–89]. Thus,
physiologic differences in the modulation of motoneuron
gain, properties of synaptic transmission between Ia affer-
ents and motoneurons and motor unit characteristics be-
tween these two regions of the spine may make the cervical
spinal cord less susceptible to motoneuron inhibition after
an SM procedure than the lumbosacral spinal cord.

Regardless of the proposed physiologic mechanism re-
sponsible for our data, it is clear that these data corroborate
previous reports of attenuation of alpha motoneuron pool
excitability as a consequence of SM procedures [6–8,30].
Convergence of paraspinal tissue afferents on the motoneu-
ron pool of the cervical (median) and lumbar (tibial) regions
is likely, but the authors do not imply that this is evident.
We have assumed that convergence occurs based on inner-
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vation levels of the nerve-muscle combinations used in the
current study. However, we cannot support this hypothesis
based on the current data.

The subjects who participated in this study were rela-
tively young, healthy individuals free from neck or back
pain. Clearly, these data cannot be extended to offer impli-
cations to the spine pain population. Likewise, the possible
clinical consequence of attenuation of motoneuron pool ex-
citability is not known. Further research of this type in the
patient population is needed to determine possible clinical
ramifications, if any.

In conclusion, this is the first report, to the authors’
knowledge, to demonstrate attenuation of cervical motoneu-
ron pool excitability after cervical SM procedures. More
importantly, the cervical spine response to SM appears to be
of a lesser magnitude compared with the lumbar spine. Fu-
ture studies are needed to determine if this difference in the
stimulus–response characteristics of the two regions of the
spine are of clinical significance. Likewise, further mecha-
nistic studies are need to determine if the inhibitory effects
of SM on the motoneuron pool are mediated through pre-
synaptic inhibition of Ia fibers in the dorsal horn, or if
changes in the segmental and/or descending pathways (cen-
tral processes) mediating postsynaptic inhibition of moto-
neurons occur as a consequence of SM. An understanding
of the influence of SM on presynaptic and postsynaptic pro-
cesses is important to identify pathophysiologic abnormali-
ties that may be corrected by spinal manipulative therapy.

 

References

 

[1] Bronfort G. Spinal manipulation: current state of research and its in-
dications. Neurol Clin 1999;17:91–111.

[2] Aker PD, Gross AR, Goldsmith CH, Peloso P. Conservative manage-
ment of mechanical neck pain: systematic overview and meta-analy-
sis. Br Med J 1996;313:1291–6.

[3] Di Fabio RP. Manipulation of the cervical spine: risks and benefits.
Phys Ther 1999;79:50–65.

[4] Hurwitz EL, Aker PD, Adams AH, Meeker WC, Shekelle PG. Ma-
nipulation and mobilization of the cervical spine. A systematic re-
view of the literature. Spine 1996;21:1746–59.

[5] Shekelle PG, Coulter I. Cervical spine manipulation: summary report
of a systematic review of the literature and a multidisciplinary expert
panel. J Spinal Disord 1997;10:223–8.

[6] Dishman JD, Bulbulian R. Comparison of effects of spinal manipula-
tion and massage on motoneuron excitability. Electromyogr Clin
Neurophysiol 2001;41:97–106.

[7] Dishman JD, Bulbulian R. Spinal reflex attenuation associated with
spinal manipulation. Spine 2000;25(19):2519–24.

[8] Murphy BA, Dawson NJ, Slack JR. Sacroiliac joint manipulation de-
creases the H-reflex. Electromyogr Clin Neurophysiol 1995;35:87–94.

[9] Solomonow M, Zhou BH, Harris M, Lu Y, Baratta RV. The liga-
mento-muscular stabilizing system of the spine. Spine 1998;23:2552–62.

[10] Stubbs M, Harris M, Solomonow M, Zhou B, Lu Y, Baratta RV. Lig-
amento-muscular protective reflex in the lumbar spine of the feline. J
Electromyogr Kinesiol 1998;8:197–204.

[11] Symons BP, Herzog W, Leonard T, Nguyen H. Reflex responses as-
sociated with activator treatment. J Manipulative Physiol Ther 2000;
23:155–9.

[12] Herzog W, Scheele D, Conway PJ. Electromyographic responses of

back and limb muscles associated with spinal manipulative therapy.
Spine 1999;24:146–52.

[13] Cavanaugh JM, el Bohy A, Hardy WN, Getchell TV, Getchell ML,
King AI. Sensory innervation of soft tissues of the lumbar spine in the
rat. J Orthop Res 1989;7:378–88.

[14] Indahl A, Kaigle A, Reikeras O, Holm S. Electromyographic re-
sponse of the porcine multifidus musculature after nerve stimulation.
Spine 1995;20:2652–8.

[15] Indahl A, Kaigle A, Reikeras O, Holm S. Sacroiliac joint involve-
ment in activation of the porcine spinal and gluteal musculature. J
Spinal Disord 1999;12:325–30.

[16] Indahl A, Kaigle AM, Reikeras O, Holm SH. Interaction between the
porcine lumbar intervertebral disc, zygapophysial joints, and paraspi-
nal muscles. Spine 1997;22:2834–40.

[17] Amonoo-Kuofi HS. The number and distribution of muscle spindles
in human intrinsic postvertebral muscles. J Anat 1982;135(3):585–99.

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

[19] McLain RF, Pickar JG. Mechanoreceptor endings in human thoracic
and lumbar facet joints. Spine 1998;23:168–73.

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

[21] Hugon M. Methodology of the Hoffmann reflex in man. In: Desmodt
JE, editor. New developments in electromyography and clinical neu-
rophysiology. Basel: Karger, 1973:277–93.

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

[23] Jabre JF, Stalberg EV. Single-fiber EMG study of the flexor carpi ra-
dialis H reflex. Muscle Nerve 1989;12:523–7.

[24] Jabre JF. Surface recording of the H-reflex of the flexor carpi radialis.
Muscle Nerve 1981;4:435–8.

[25] Herzog W. Mechanical, physiologic, and neuromuscular consider-
ations of chiropractic treatments. In: Lawrence DJ, Cassidy JD,
McGregor M, Meeker WC, Vernon HT, editors. Advances in chiro-
practic, vol. 3. New York: Mosby-Yearbook, 1996:69–285.

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

[27] Gal J, Herzog W, Kawchuk G, Conway PJ, Zhang YT. Movements of
vertebrae during manipulative thrusts to unembalmed human cadav-
ers [see comments]. J Manipulative Physiol Ther 1997;20:30–40.

[28] Sandoz R. Some physiological mechanisms and effects of spinal ad-
justments. Ann Swiss Chiro Assoc 1976;6:1–17.

[29] White AA, Panjabi MM. Clinical biomechanics of the spine, 2nd ed.
Philadelphia: B. Lippincott, 1990:645.

[30] Dishman JD, Cunningham BM, Burke JR. Spinal reflex excitability
change after lumbar Spine passive flexion mobilization. Manipulative
Physiol Ther 2002;25:526–32.

[31] Baldissera F, Bellani G, Cavallari P, Lalli S. Changes in the excitabil-
ity of the H-reflex in wrist flexors related to the prone or supine posi-
tion of the forearm in man. Neurosci Lett 2000;295:105–8.

[32] Deschuytere J, Rosselle N, De Keyser C. Monosynaptic reflexes in
the superficial forearm flexors in man and their clinical significance.
J Neurol Neurosurg Psychiatry 1976;39:555–65.

[33] Crone C, Hultborn H, Mazieres L, Morin C, Nielsen J, Pierrot-Deseil-
ligny E. Sensitivity of monosynaptic test reflexes to facilitation and
inhibition as a function of the test reflex size: a study in man and the
cat. Exp Brain Res 1990;81:35–45.

[34] Pierrot-Deseilligny E, Mazevet D. The monosynaptic reflex: tool to
investigate motor control in humans: interest and limits. Neurophys-
iol Clin 2000;20:67–80.

[35] Schieppati M. The Hoffmann reflex: a means of assessing spinal re-
flex excitability and its descending control in man. Prog Neurobiol
1987;28:345–76.

[36] Dishman JD, Cunningham B, Burke JR. Comparison of tibial nerve



 

J.D. Dishman and J. Burke / The Spine Journal 3 (2003) 204–212

 

211

 

H-reflex excitability after cervical and lumbar spine manipulation. J
Manipulative Physiol Ther 2002; in press.

[37] Dishman JD, Ball KA, Burke JR. Central motor excitability changes
after spinal manipulation: a transcranial magnetic stimulation. J Ma-
nipulative Physiol Ther 2002;25(1):1–9.

[38] Avramov AI, Cavanaugh JM, Ozaktay CA, Getchell TV, King AI.
The effects of controlled mechanical loading on group-II, III, and IV
afferent units from the lumbar facet joint and surrounding tissue. An
in vitro study. J Bone Joint Surg Am 1992;74:1464–71.

[39] Pickar JG. An in vivo preparation for investigating neural responses
to controlled loading of a lumbar vertebra in the anesthetized cat. J
Neurosci Methods 1999;89:87–96.

[40] Pickar JG, McLain RF. Responses of mechanosensitive afferents to
manipulation of the lumbar facet in the cat. Spine 1995;20:2379–85.

[41] Bakker DA, Richmond FJ. Muscle spindle complexes in muscles around
upper cervical vertebrae in the cat. J Neurophysiol 1982;48:62–74.

[42] Groen GJ, Baljet B, Drukker J. Nerves and nerve plexuses of the hu-
man vertebral column. Am J Anat 1990;188:282–96.

[43] Horackova L, Malinovsky L. Sensory innervation of the interverte-
bral joints in man. Folia Morphol (Praha) 1987;35:390–5.

[44] McLain RF. Mechanoreceptor endings in human cervical facet joints.
Spine 1994;19:495–501.

[45] Richmond FJ, Abrahams VC. Morphology and distribution of muscle
spindles in dorsal muscles of the cat neck. J Neurophysiol 1975;38:
1322–39.

[46] Richmond FJ, Bakker DA. Anatomical organization and sensory re-
ceptor content of soft tissues surrounding upper cervical vertebrae in
the cat. J Neurophysiol 1982;48:49–61.

[47] Richmond FJ, Bakker DA, Stacey MJ. The sensorium: receptors of
neck muscles and joints. In control of head movement. New York:
Oxford Press, 1988:49–62.

[48] Abrahams VC. Group III and IV receptors of skeletal muscle. Can J
Physiol Pharmacol 1986;64:509–14.

[49] Richmond FJR, Stacey MJ, Bakker DA, Bakker GJ. Gaps in spindle
physiology: why the tandem spindle. In: Boyd IA, Gladden MH, eds.
The Muscle Spindle. New York: Stockton Press, 1985:75–81.

[50] Abrahams VC, Lynn B, Richmond FJ. Organization and sensory
properties of small myelinated fibres in the dorsal cervical rami of the
cat. J. Physiol 1984;347:177–87.

[51] Richmond FJ, Abrahams VC. What are the proprioceptors of the
neck? Prog Brain Res 1979;50:245–54.

[52] Shinoda Y, Sugiuchi Y, Futami T, Ando N, Yagi J. Input patterns and
pathways from the six semicircular canals to motoneurons of neck
muscles. II. The longissimus and semispinalis muscle groups. J Neu-
rophysiol 1997;77:1234–58.

[53] Allum JH, Gresty M, Keshner E, Shupert C. The control of head move-
ments during human balance corrections. J Vestib Res 1997;7:189–218.

[54] Brink EE, Jinnai K, Hirai N, Wilson VJ. Cervical input to vestibulo-
collic neurons. Brain Res 1981;217:13–21.

[55] Brink EE, Jinnai K, Wilson VJ. Pattern of segmental monosynaptic in-
put to cat dorsal neck motoneurons. J Neurophysiol 1981;46:496–505.

[56] Donevan AH, Neuber-Hess M, Rose PK. Multiplicity of vestibulospi-
nal projections to the upper cervical spinal cord of the cat: a study
with the anterograde tracer Phaseolus vulgaris leucoagglutinin. J
Comp Neurol 1990;302:1–14.

[57] Dutia MB. The muscles and joints of the neck: their specialisation
and role in head movement. Prog Neurobiol 1991;37:165–78.

[58] Isu N, Thomson DB, Wilson VJ. Vestibulospinal effects on neurons
in different regions of the gray matter of the cat upper cervical cord. J
Neurophysiol 1996;76:2439–46.

[59] Keshner EA, Statler KD, Delp SL. Kinematics of the freely moving
head and neck in the alert cat. Exp Brain Res 1997;115:257–66.

[60] Thomson DB, Loeb GE, Richmond FJ. Effect of neck posture on pat-
terns of activation of feline neck muscles during horizontal rotation.
Exp Brain Res 1996;110:392–400.

[61] Wickland CR, Baker JF, Peterson BW. Torque vectors of neck mus-
cles in the cat. Exp Brain Res 1991;84:649–59.

[62] Abrahams VC, Richmond F, Rose PK. Absence of monosynaptic re-
flex in dorsal neck muscles of the cat. Brain Res 1975;92:130–1.

[63] Ezure K, Sasaki S, Uchino Y, Wilson VJ. Frequency-response analy-
sis of vestibular-induced neck reflex in cat. II. Functional signifi-
cance of cervical afferents and polysynaptic descending pathways. J
Neurophysiol 1978;41:459–71.

[64] Keirstead SA, Rose PK. Monosynaptic projections of single muscle spin-
dle afferents to neck motoneurons in the cat. J Neurosci 1988;8:3945–50.

[65] Keirstead SA, Rose PK. Structure of the intraspinal projections of
single, identified muscle spindle afferents from neck muscles of the
cat. J Neurosci 1988;8:3413–26.

[66] Carlson H. Observations on stretch reflexes in lumbar back muscles
of the cat. Acta Physiol Scand 1978;103:437–5.

[67] Clamann HP, Gillies JD, Skinner RD, Henneman E. Quantitative
measures of output of a motoneuron pool during monosynaptic re-
flexes. J Neurophysiol 1974;37:1328–37.

[68] Henneman E, Mendell L. Functional organization of motoneuron
pool and its inputs. In: Brooks VE, editor. Handbook of physiology.
Bethesda: American Physiological Society, 1981:423–507.

[69] Gregory JE, Morgan DL, Proske U. Aftereffects in the responses of
cat muscle spindles. J Neurophysiol 1986;56:451–61.

[70] Enoka RM, Hutton RS, Eldred E. Changes in excitability of tendon
tap and Hoffmann reflexes following voluntary contractions. Electro-
encephalogr Clin Neurophysiol 1980;48:664–72.

[71] Pickar JG, Wheeler JD. Response of muscle proprioceptors to spinal
manipulative-like loads in the anesthetized cat. J Manipulative Phys-
iol Ther 2001;24:2–11.

[72] Cheng J, Brooke JD, Staines WR, Misiaszek JE, Hoare J. Long-last-
ing conditioning of the human soleus H reflex following quadriceps
tendon tap. Brain Res 1995;681:197–200.

[73] Gritti I, Schieppati M. Short-latency inhibition of soleus motoneu-
rones by impulses in Ia afferents from the gastrocnemius muscle in
humans. J Physiol (Lond) 1989;416:469–84.

[74] Hultborn H, Meunier S, Morin C, Pierrot-Deseilligny E. Assessing
changes in presynaptic inhibition of I a fibres: a study in man and the
cat. J Physiol 1987;389:729–56.

[75] Rossi A, Zalaffi A, Decchi B. Heteronymous recurrent inhibition
from gastrocnemius muscle to soleus motoneurones in humans. Neu-
rosci Lett 1994;169:141–4.

[76] Sabbahi M, Abdulwahab S. Cervical root compression monitoring by
flexor carpi radialis H-reflex in healthy subjects. Spine 1999;24:137–41.

[77] Schieppati M, Romano C, Gritti I. Convergence of Ia fibres from syn-
ergistic and antagonistic muscles onto interneurones inhibitory to so-
leus in humans. J Physiol (Lond) 1990;431:365–77.

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

[79] Misiaszek JE, Cheng J, Brooke JD. Movement-induced depression of
soleus H reflexes is consistent in humans over the range of excitatory
afferents involved. Brain Res 1995;702:271–4.

[80] Cavallari P, Katz R. Pattern of projections of group I afferents from
forearm muscles to motoneurones supplying biceps and triceps mus-
cles in man. Exp Brain Res 1989;78:465–78.

[81] Cavallari P, Katz R, Penicaud A. Pattern of projections of group I af-
ferents from elbow muscles to motoneurones supplying wrist muscles
in man. Exp Brain Res 1992;91:311–9.

[82] Meunier S, Pierrot-Deseilligny E, Simonetta M. Pattern of monosyn-
aptic heteronymous Ia connections in the human lower limb. Exp
Brain Res 1993;96:534–44.

[83] Rose PK, Keirstead SA. Cervical motoneurons. Peterson BW, Richmond
FJ, eds. Control of head movement. New York: Oxford Press, 1988:37–48.

[84] Routal RV, Pal GP. A study of motoneuron groups and motor col-
umns of the human spinal cord. J Anat 1999;195 (Pt 2):211–24.

[85] Richmond FJ, Anstee GC, Sherwin EA, Abrahams VC. Motor and
sensory fibres of neck muscle nerves in the cat. Can J Physiol Phar-
macol 1976;54:294–304.

[86] Kakei S, Muto N, Shinoda Y. Innervation of multiple neck motor nu-



 

212

 

J.D. Dishman and J. Burke / The Spine Journal 3 (2003) 204–212

 

clei by single reticulospinal tract axons receiving tectal input in the
upper cervical spinal cord. Neurosci Lett 1994;172:85–8.

[87] Muto N, Kakei S, Shinoda Y. Morphology of single axons of
tectospinal neurons in the upper cervical spinal cord. J Comp Neurol
1996;372:9–26.

[88] Rose PK, Tourond JA, Donevan AH. Morphology of single vestibu-

lospinal collaterals in the upper cervical spinal cord of the cat: III col-
laterals originating from axons in the ventral funiculus ipsilateral to
their cells of origin. J Comp Neurol 1996;364:16–31.

[89] Shinoda Y, Kakei S, Muto N. Morphology of single axons of
tectospinal and reticulospinal neurons in the upper cervical spinal
cord. Prog Brain Res 1996;112:71–84.

 

Twenty-Five 
Years Ago
in Spine . . .

 

In 1978, William Kirkaldy-Willis and
three coauthors published their observations on the ana-
tomic pathology of lumbar spondylosis and stenosis,
from which they developed theories of pathogenesis
[1]. The work included spectacular color photographs,
which were representative of a larger series the authors

made available for teaching. Their material was ob-
tained from 50 autopsy specimens and 161 operations.
They described pathologic changes in the facet joints,
age-related changes in the nucleus, annular tears, in-
ternal disc disruption and disc resorption. They applied
their observations of pathological changes to Farfan’s
model of the three-joint complex [2] and hypothesized
how changes in one segment led to changes in adjacent
segments.

 

References

 

[1] Kirkaldy-Willis WH, Wedge JH, Yong-Hing K, Reilly J. Pathol-
ogy and pathogenesis of lumbar spondylosis and stenosis. Spine
1978;3:319–28.

[2] Farfan HF. Effects of torsion on the intervertebral joints. Can J
Surg 1969;12:336.


