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Abstract

Objective: To study the immediate sensorimotor neurophysiological effects of cervical spine manipulation using somatosensory evoked
potentials (SEPs).
Methods: Twelve subjects with a history of reoccurring neck stiffness and/or neck pain, but no acute symptoms at the time of the study
were invited to participate in the study. An additional twelve subjects participated in a passive head movement control experiment.
Spinal (N11, N13) brainstem (P14) and cortical (N20, N30) SEPs to median nerve stimulation were recorded before and for 30 min after
a single session of cervical spine manipulation, or passive head movement.
Results: There was a significant decrease in the amplitude of parietal N20 and frontal N30 SEP components following the single session
of cervical spine manipulation compared to pre-manipulation baseline values. These changes lasted on average 20 min following the
manipulation intervention. No changes were observed in the passive head movement control condition.
Conclusions: Spinal manipulation of dysfunctional cervical joints can lead to transient cortical plastic changes, as demonstrated by atten-
uation of cortical somatosensory evoked responses.
Significance: This study suggests that cervical spine manipulation may alter cortical somatosensory processing and sensorimotor integra-
tion. These findings may help to elucidate the mechanisms responsible for the effective relief of pain and restoration of functional ability
documented following spinal manipulation treatment.
! 2006 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

Keywords: Cervical spine manipulation; Human; Somatosensory evoked potentials; Brain plasticity; Somatosensory system; Sensorimotor integration

1. Introduction

Spinal manipulation is a commonly used conservative
treatment for neck, back, and pelvic pain. The effectiveness
of spinal manipulation in the treatment of acute and chron-
ic low back and neck pain has been well established by out-
come-based research (for review, see Hurwitz et al., 1996
and; Vernon, 1996). However, the mechanism(s) responsi-
ble for the effective relief of pain and restoration of func-
tional ability after spinal manipulation are not well
understood, as there is limited evidence to date regarding
the neurophysiological effects of spinal manipulation. The

evidence to date indicates that spinal manipulation can
lead to alterations in reflex excitability (Herzog et al.,
1999; Murphy et al., 1995; Symons et al., 2000), altered
sensory processing (Zhu et al., 2000, 1993) and altered
motor excitability (Herzog et al., 1999; Dishman et al.,
2002; Suter et al., 2000).

Spinal manipulation is used therapeutically by a number
of health professionals, including physical medicine spe-
cialists, physiotherapists, osteopaths and chiropractors.
The different professions have different terminology for
the ‘‘entity’’ or ‘‘manipulable lesion’’ that they manipulate.
This manipulable lesion may be called ‘‘vertebral (spinal)
lesion’’ by physical medical specialists or physiotherapists,
‘‘somatic dysfunction’’ or ‘‘spinal lesion’’ by osteopaths,
and ‘‘vertebral subluxation’’ or ‘‘spinal fixation’’ by
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chiropractors (Leach, 1986). Joint dysfunction as discussed
in the literature ranges from experimentally induced joint
effusion (Shakespeare et al., 1985), to pathological joint
disease such as osteoarthritis (O’Connor et al., 1993), as
well as the more subtle functional alterations that are com-
monly treated by manipulative therapists (Suter et al.,
1999, 2000). For the purposes of this paper, the ‘‘manipu-
lable lesion’’ will be referred to as an area of spinal
dysfunction.

There is a growing body of evidence suggesting that the
presence of spinal dysfunction of various kinds has an
effect on central neural processing. For example, several
authors have suggested spinal dysfunction may lead to
altered afferent input to the CNS (Bolton and Holland,
1996, 1998; Murphy et al., 1995; Zhu et al., 1993, 2000).
Altering afferent input to the CNS is well known to lead
to plastic changes in the way that it responds to any subse-
quent input (Brasil-Neto et al., 1993; Byl et al., 1997; Hal-
lett et al., 1999; Pascual-Leone and Torres, 1993). Neural
plastic changes take place both following increased (Byl
et al., 1997; Pascual-Leone and Torres, 1993) and
decreased (Brasil-Neto et al., 1993; Hallett et al., 1999; Zie-
mann et al., 1998) afferent input.

Altered afferent input from joints can lead to both inhi-
bition and facilitation of neural input to related muscles.
Numerous studies of painful joints have shown arthroge-
nous muscle inhibition (Hides et al., 1994; McPartland
et al., 1997; Stokes and Young, 1984). However, even pain-
less experimentally induced joint dysfunction (joint effu-
sion) has been shown to inhibit surrounding muscles
(Shakespeare et al., 1985). This altered motor control was
also shown to persist even after aspiration of the joint effu-
sion (Shakespeare et al., 1985). In the early 1980s, Stein-
metz et al. demonstrated that relatively short (15–30 min)
episodes of moderately intense afferent input to the spinal
reflex pathways of rats causes increases in neural excitabil-
ity that persists for several hours (Steinmetz et al., 1982,
1985). Once these facilitated areas are established, there
may be no need for ongoing afferent input to maintain
the altered output patterns. Since these early experiments,
numerous studies have shown rapid central plastic changes
after injuries and altered sensory input from the body (for
review, see Wall et al., 2002). This can explain the findings
of Shakespeare et al. (1985) of altered motor control per-
sisting even after aspiration of the joint effusion. This pro-
cess provides a potential explanation for altered neural
processing as a result of joint dysfunction, and a rationale
for the effects of spinal manipulation on neural processing
that have been described in the literature.

Given that spinal dysfunction would alter the balance of
afferent input to the CNS we propose that this altered affer-
ent input may over time lead to potential maladaptive neu-
ral plastic changes in the CNS. We further propose that
spinal manipulation can effect this. By recording SEPs
and monitoring the peripheral nerve afferent volley, it is
possible to determine where in the somatosensory pathway
changes induced by spinal manipulation may be occurring.

2. Methods

2.1. Subjects

Twelve subjects (five women and seven men), aged
20–53 (mean age 29.9), participated in the spinal manip-
ulation study. An additional twelve age-matched sub-
jects (4 males and 8 females), aged 21–35 (mean age
27.1 years), participated in the passive head movement
control study. The subjects were allocated into either
group in a pseudo-randomized order. It was decided
in advance that the first 12 volunteers that fit the inclu-
sion/exclusion criteria for the study would become the
manipulation group as this would enable the next 12
subjects to be age matched, if needed. However, both
groups were of similar ages, so no additional age-match-
ing was necessary. All 24 subjects agreed to have their
cervical spines manipulated and/or their head moved
by the researcher, and no subject knew which group
they were taking part in prior to their experimental ses-
sion taking place. To be included subjects could not
have a history of neurological disease. The subjects were
required to have a history of reoccurring neck pain or
stiffness (e.g., repeatedly present during the performance
of certain tasks such as work or study). However, at the
time of the experiment all subjects were required to be
pain free. This was done in order to assess the potential
effects of joint manipulation delivered to dysfunctional
joints alone without the presence of acute pain, as the
presence of pain alone is known to induced a significant
reduction of the post-central N20–P25 complex and a
significant increase of the N18 wave (Rossi et al.,
2003). Table 1 contains the experimental subjects’
details, including their neck complaint history and
known past neck (and/or head) trauma. Informed con-
sent was obtained and the local ethical committee
approved the study.

2.2. Somatosensory evoked potentials

All SEP recording electrodes (7 mm Ag/AgCl Hydro-
spot" disposable adhesive electrodes from Physiometrix)
were placed according to the International Federation of
Clinical Neurophysiologists (IFCN) recommendations
(Nuwer et al., 1994). Recording electrodes were placed
on the ipsilateral Erb’s point, over the C6 spinous pro-
cess (Cv6), and 2 cm posterior to contralateral central
and frontal scalp cites C3/4 and F3/4, which will be
referred to as Cc 0, and Fc 0, respectively. All recording
electrodes were referenced to the ipsilateral earlobe.
The C6 spinous electrode was also referenced to the
anterior neck (tracheal cartilage). The Erb’s point elec-
trode and the central Cc 0 electrode were also referenced
to the contralateral shoulder, as SEP components origi-
nating from subcortical regions are best recorded with
a non-cephalic reference (Ulas et al., 1999). A ground
electrode was attached to Fz. Stimuli consisted of electri-
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cal square wave pulses of 1 ms duration delivered
through Grass gold cup 7 mm electrodes (imped-
ance < 5 kX). The stimulating electrodes (cathode distal)
were placed over the median nerve at the wrist of the
dominant arm. Stimuli were delivered at 1.25 times
motor threshold using a constant current stimulation at
a rate of 1.98 Hz, a rate that does not lead to SEP atten-
uation (Fujii et al., 1994; GarciaLarrea et al., 1992).
Sweep length was 55 ms (5 ms pre-stimulus and 50 ms
post-stimulus) and filtering bandwidth was 3–1000 Hz
(!6 dB octave roll-off). A total of 500 sweeps were aver-
aged using a purpose written LabView 5.1# program and
the averaged waveform was displayed in an analysis pan-
el from which the waveforms of interest were measured
for amplitude and latency. The amplitude of the individ-
ual SEP components was measured from their peak to
the preceding or succeeding trough according to the
IFCN guidelines (Nuwer et al., 1994). According to the
guidelines the N11 peak amplitude was measured to
the preceding positive trough and the N13 to the suc-
ceeding positive trough (Nuwer et al., 1994). The laten-
cies were recorded at their maximal peak of each
component. We identified and analyzed the following
SEP components: the peripheral N9, the spinal N11
and N13, the far-field P14–N18 complex (which was ana-
lyzed from both the frontal and parietal recording sites),
the parietal N20 (P14–N20 and N20–P27 complexes),
and the frontal N30 (P22–N30 complex).

2.3. Interventions

2.3.1. Spinal manipulation intervention
This intervention consisted of spinal manipulation of

the subjects’ dysfunctional cervical joints, which was
determined by a registered chiropractor. The clinical evi-
dence of joint dysfunction includes tenderness to palpa-
tion of the relevant joints, restricted intersegmental
range of motion, palpable asymmetric intervertebral mus-
cle tension, abnormal or blocked joint play and end-feel
of a joint, and sensorimotor changes in the upper
extremity (Fryer et al., 2004; Hestboek and Leboeuf-
Yde, 2000). The most reliable spinal-dysfunction-indica-
tor is tenderness with palpation of the dysfunctional joint
(Hubka and Phelan, 1994; Jull et al., 1988). Cervical
range of motion (Rheault et al., 1992; Youdas et al.,
1992) has also been shown to have good inter- and
intra-examiner reliability. For the purpose of this study
spinal dysfunction was therefore defined as the presence
of both restricted intersegmental range of motion and
tenderness to palpation of the joint at at least one cervi-
cal spine segment. This was detected in the following
manner. The examiner, a registered chiropractor with
at least seven years of clinical experience, would passively
move the subjects’ head, while palpating and stabilizing
over the zygapophyseal joints. For each spinal segment
the head would be gently and passively moved from neu-
tral position to the maximal range of lateral flexion in

Table 1
Experimental subject details

No. Gender Age Handedness Neck complain details, and known neck (or head) injury

1 F 28 R 13 years of ongoing, intermittent neck pain and stiffness. Motor vehicle accident 14 years ago, whiplash injury

2 M 33 L 5 years reoccurring mild neck stiffness with certain activities. Numerous soccer sports injuries

3 M 33 R 2 years of mild reoccurring neck stiffness when working at a computer. Fell out of swing onto head and neck
at age 12 receiving 3 stitches to head

4 F 33 R 12 years of almost constant neck pain, ache and stiffness, worse with working at computer and with stress.
Fall off a swing at age 14 landing on face

5 F 26 R 3 years reoccurring neck stiffness and tension when studying. No known head or neck injuries

6 F 24 R Ongoing neck tension past 10 years, occasional neck ache. One concussion

7 M 53 R Reoccurring mild neck ache and stiffness past 3 years. Three significant head and neck injuries from soccer

8 M 25 R Neck tension with study last 2 years. No known head or neck injuries

9 M 20 R Neck ache with computer work last 2 years. No known head or neck injuries

10 M 20 R 14 years of reoccurring neck pain and stiffness, particularly with stress. No known head or neck injuries

11 F 38 R 6 years reoccurring neck tension and ache, worse with stress and study. Hit head on table as child receiving
several stitches

12 M 20 R 13 years of ongoing, intermittent neck pain and stiffness. Motor vehicle accident 14 years ago, whiplash injury

Table showing the spinal manipulation subjects’ details, including age, gender, handedness, history of cervical pain or tension, and any known neck and/or
head trauma.
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the coronal plane, to both the left and the right. If this
movement appeared restricted, the examiner would apply
gentle pressure to the joint, while watching for signs of
discomfort from the subject. The examiner would also
ask the subject if the pressure to the joint elicited pain.
Spinal segments that were deemed both restricted in
lateral flexion range of motion and elicited pain on
palpation were defined for the purpose of this study to
be dysfunctional.

The spinal manipulations carried out in this study were
high velocity, low amplitude thrusts to the spine held in lat-
eral flexion, with slight rotation and slight extension. This is
a standard manipulative technique used by manipulative
physicians, physiotherapists, and chiropractors. The
mechanical properties of this type of CNS perturbation have
been investigated, and although the actual force applied to
the subjects’ spine depends on the therapist, the patient,
and the spinal location of treatment, the general shape of
the force-time history of spinal manipulation is very consis-
tent (Hessell et al., 1990), and the duration of the thrust is
always less than 200 ms (for review, see Herzog, 1996).
The high velocity type of manipulation was chosen
specifically since previous research (Herzog et al., 1995)
has shown that reflex EMG activation observed following
manipulation only occurred following high-velocity
low amplitude manipulations (as compared to lower
velocity mobilizations), and would therefore be more likely
to alter afferent input to the CNS and lead to measurable SEP
changes.

2.3.2. Passive head movement intervention
The passive head movement intervention was carried

out by the same chiropractor who had pre-checked the
subjects for spinal dysfunction and who performed the
spinal manipulations for the spinal manipulation experi-
ment. The passive head movement intervention involved
the subjects’ head being passively laterally flexed, and
slightly extended and rotated to a position that the chi-
ropractor would normally manipulate that person’s cervi-
cal spine, and then return the subjects head back to
neutral position. This was repeated to both the left and
the right. However, the experimenter was particularly
careful not to put pressure on any individual cervical
segment. Loading a joint, as is done prior to spinal
manipulation, has been shown to alter paraspinal propri-
oceptive firing in anesthetized cats (Pickar and Wheeler,
2001), and was therefore carefully avoided by ending
the movement prior to end-range-of-motion when
passively moving the subjects’ heads. No spinal manipu-
lation was performed during any passive head movement
experiment. The passive head movement experiment was
not intended to act as a sham manipulation but to act as
a physiological control for possible changes occurring
due to the cutaneous, muscular or vestibular input that
would occur with the type of passive head movement
involved in preparing a subject/patient for a cervical
manipulation.

2.4. Experimental protocol

All the subjects’ cervical spines were first checked by a
registered chiropractor to determine if and where their
spines would be manipulated. If the subjects were judged
to have cervical spine dysfunction the relevant information
(including detailed medical history) was then obtained. All
subjects were also screened for evidence of vertebral artery
ischemia, with their head in a position of extension, lateral
flexion and rotation, which are neck positions shown to
have the greatest mechanical stress to the contra-lateral
vertebral artery (Arnold et al., 2004). Subjects were also
screened for other contraindications for cervical manipula-
tion, such as recent history of trauma, known conditions
such as inflammatory or infectious arthropathies, or bone
malignancies.

Three pre-intervention (baseline) SEP trials were then
recorded. Following this, the subjects would either have
their heads passively moved (as described in the passive
head movement intervention section) or the subject’s cervi-
cal spine was manipulated at the predetermined levels (as
described in the spinal manipulation intervention section).
The passive head movements and manipulations were car-
ried out with the subject still seated in the slightly reclined
La-Z-boy" chair to minimize any disturbance to the
recording electrodes. The spinal segments manipulated
for each subject in the manipulation group in this study
are shown in Table 2. Immediately following either inter-
vention the three post-intervention SEP trials were record-
ed. The first post-intervention SEP trial (trial 0–10 min)
was recorded within the first 10 min post-intervention.
The second post-intervention SEP trial (trial 10–20 min)
was recorded within 10–20 min post-intervention and the
third post-intervention SEP trial (trial 20–30 min) was
recorded within 20–30 min post-intervention.

2.5. Statistical analysis

Prior to any SEP peak analysis the data files were coded
by an independent person to reduce any bias during SEP

Table 2
Spinal segment manipulated

Subject No. Spinal segments manipulated in this study

1 C0/1, C3/4 and C6/7
2 C2/3 and C6/7
3 C2/3 and C6/7
4 C1/2 and C6/7
5 C0/1, C3/4 and C6/7
6 C2/3 and C6/7
7 C1/2 and C5/6
8 C1/2, C3/4 and C5/6
9 C2/3 and C4/5

10 C2/3 and C6/7
11 C2/3 and C6/7
12 C2/3, C4/5

Table showing the spinal segments manipulated for each subject in this
study.
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peak amplitude and latency analysis. The first baseline SEP
trial was used to familiarise the subjects with the electrical
stimulation needed to elicit SEPs and was therefore dis-
carded for all subjects. The following two pre-intervention
SEP trials (trials 2 and 3) of both latencies and amplitudes
were examined with the non-parametric Wilcoxon Signed
Ranks test (as the SEP amplitude values did not follow a
Gaussian distribution) prior to combining them into one
set to ensure that there were no statistically significant dif-
ferences. Once it was determined that there were no statis-
tically significant differences, the two pre-intervention trials
were collapsed down into pre-intervention mean values.
The pre-intervention means and post-intervention data (tri-
als 0–10 min, 10–20 min, and 20–30 min) were then decod-
ed, grouped according to intervention and transferred into
the SPSS statistical package for statistical analysis. Note
that the frontal P14–N18 and the parietal P14–N20 were
analysed post hoc at the suggestion of reviewers. Results
of those SEP components should therefore be interpreted
accordingly.

As the SEP amplitude values did not follow a Gaussian
distribution non-parametric analysis was carried out for
our statistical evaluation. Non-parametric analysis or var-
iance for repeated measures (Friedman test) was applied to
latency and amplitude values for each SEP peak. Whenever
a significant effect was found (p < 0.05), planned compari-
sons (Wilcoxon signed rank test) were executed. The
planned comparisons that were made were between the
pre-intervention averaged results and the subsequent
post-intervention results. The level of significance was set
at p < 0.05. Planned comparisons were chosen instead of
post hoc analysis to minimize Type 1 error, without reduc-
ing the sensitivity to relevant effects (Perneger, 1998). This
is also in accordance with previous SEP research (Rossi
et al., 2003; Rossi et al., 2002).

3. Results

3.1. Subject statistics

Table 1 shows the spinal manipulation subjects’ details,
including age, gender, history of cervical pain or tension,
and any known neck and/or head trauma. Table 2 shows
the spinal segments manipulated for each subject in this
study.

3.2. Passive head movement intervention

There were no statistically significant differences
between the pre-intervention trials prior to the passive head
movement intervention. There were no significant changes
observed in either latency or amplitude of any of the SEP
peaks following passive head movement (see Fig. 1 and
Table 3). Fig. 1 depicts the percentage of change in the
averaged normalized SEP peak amplitudes ± SE before
(pre-intervention mean), and after (trials 0–10 min, 10–
20 min and 20–30 min) the single session of passive head

movements (the upper bar graphs A) and cervical spine
manipulation (the lower bar graphs B).

3.3. Spinal manipulation intervention

There were no statistically significant differences between
the pre-intervention trials prior to the spinal manipulation
intervention. Pre-intervention representational traces of
the various SEP components of a single subject are shown
in Fig. 2, with both pre-intervention trials to show repro-
ducibility of SEP recordings. There were no statistically sig-
nificant changes for the latency of any peak in the spinal
manipulation condition. The peripheral N9, spinal N11
and N13, and brainstem P14–N18 (measured from both
frontal and parietal recording sites) SEP peaks did not show
any significant amplitude changes following cervical spine
manipulation (see Fig. 1). However, the two cortical peaks,
parietal N20 and frontal N30, significantly decreased in
amplitude following the cervical spine manipulations (Pari-
etal P14–N20 Friedman non-parametric ANOVA
p = 0.025, parietal N20–P27 Friedman non-parametric
ANOVA p = 0.006 and frontal P22–N30 Friedman non-
parametric ANOVA p = 0.009), particularly during the first
20 min. The significant changes are marked with a star in
Fig. 1 and Table 3. There was variability between the sub-
jects, however the trend of the changes were similar for all
subjects. The parietal P14–N20, the parietal N20–P27 and
the frontal P22–N30 peak amplitudes decreased for every
single subject during the first post-manipulation trial. By
the second post-manipulation trial only one of the subjects’
parietal P14–N20 peak amplitudes returned to baseline lev-
els and only two were at baseline values for the third post-
manipulation trial. For parietal N20–P27 only two of the
subjects’ peak amplitudes returned to baseline levels by
the second post-manipulations trial and both remained at
baseline values for the third post-manipulation trial. On
the other hand, four of the subjects’ frontal P22–N30 peak
amplitudes had returned to baseline values by the second
post-manipulation trial, and by the third post-manipulation
trial half the subjects’ frontal P22–N30 peak amplitudes had
returned to baseline values. Table 3 contains the raw aver-
aged SEP data for both the spinal manipulation group
and the passive head movement group.

The greatest amplitude attenuation occurred with the
frontal P22–N30 SEP complex. It was on average over
30% attenuated during the first 10 min following the cervi-
cal spinal manipulation (trial 0–10 min), then on average
15% attenuated during the next 10 min (trial 10–20 min)
(see Fig. 1). These changes were significant with the
planned comparisons (Wilcoxon signed ranks test) (trial
0–10 min; p = 0.002, and trial 10–20 min; p = 0.019).
Fig. 3 depicts the attenuation of the frontal P22–N30
SEP component for an individual subject. The parietal
P14–N20 complex remained significantly attenuated with
the planned comparisons (Wilcoxon signed ranks test) dur-
ing all three post-manipulation trials, 0–10 min (p = 0.012),
10–20 min (p = 0.025), and 20–30 min (p = 0.036) (see
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Fig. 1). The parietal N20–P27 complex also remained sig-
nificantly attenuated with the planned comparisons (Wilco-
xon signed ranks test) during all three post-manipulation
trials, 0–10 min (p = 0.021), 10–20 min (p = 0.010), and
20–30 min (p = 0.010) (see Fig. 1). The parietal P14–N20
amplitude was attenuated by 12–18% of the pre-interven-
tion amplitude. The parietal N20–P27 amplitude was only
attenuated by 8–11% of the pre-intervention amplitude.
Figs. 4 and 5 depict spinal, parietal and frontal representa-
tional traces of the various SEP components of a single
subject prior to and after both the spinal manipulation
and passive head movement interventions, respectively.
The horizontal dashed lines represent the onset, peak or
subsequent trough of the various SEP components for
the pre-intervention condition to demonstrate clearly the
attenuation of both cortical SEP components (parietal
N20 and frontal N30) following spinal manipulation. Note
no changes occurred to any of the SEP components for this
subject following the passive head movement control
condition.

4. Discussion

The major finding in this study was that a single session
of spinal manipulation of dysfunctional joints resulted in
attenuated cortical (parietal N20 and frontal N30) evoked
responses. On average the frontal N30 changes persisted
for 20 min post-manipulation before returning to baseline
levels. The parietal N20 changes persisted for at least
30 min, i.e. during all three post-manipulation recordings.
To our knowledge, no prior study has shown persistent
changes in neither somatosensory processing nor sensori-
motor integration following spinal manipulation.

4.1. Evidence for cortical neural plastic changes following
spinal manipulation

As the peripheral N9 peak, representing the afferent vol-
ley in the brachial plexus (Cracco and Cracco, 1976; Des-
medt and Cheron, 1981; Jones, 1977), was unaltered the
changes observed in our study most likely reflect central

Fig. 1. Bar graphs showing the percentage of change in the averaged normalized SEP peak amplitudes ± SE before (pre-intervention mean), and after
(trials 0–10 min, 10–20 min and 20–30 min) a single session passive head movements (the upper bar graphs A) and cervical spine manipulation (the lower
bar graphs B). Note no significant changes were observed following the passive head movement control intervention. The significant changes that occurred
following the spinal manipulation session are indicated with a star (*).
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changes. However, the exact mechanisms of these central
changes can only be hypothesized. These plastic changes
lasted for the entire 30 min of recordings for the parietal
N20 SEP component. The frontal N30 SEP peak changes
lasted on average 20 min post-manipulation and then
returned to baseline values. Some individual subjects dem-
onstrated changes that persisted during all three post-ma-
nipulation trials (for example see Fig. 3 for lasting frontal
N30 peak changes). Other subjects demonstrated changes
in only the first (0–10 min) post-manipulation trial.

Although no brainstem SEP peak amplitude changes
were observed in this study, the design of the study does
limit the ability to exclude the possibility that sub-cortical
changes did occur. It is generally agreed that although
500 sweeps may be sufficient to record reliable peripheral
Erb’s and cortical SEP potentials, far-field potentials such
as subcortical P14–N18 do generally require a higher num-
ber of averaged sweeps (F. Mauguiere, 1999; Nuwer et al.,
1994). The possibility for sub-cortical SEP changes follow-
ing spinal manipulation does therefore need further
investigation.

4.2. The parietal N20 SEP peak changes

The parietal N20 SEP component, generated in the pri-
mary somatosensory cortex (S1) (Desmedt and Cheron,
1980; F. Mauguiere, 1999 ; Nuwer et al., 1994) was signif-
icantly decreased during all post-manipulation blocks, both
when measured from P14 to N20 and when measured from

Table 3
Mean raw amplitude (lV) and latency (ms) data with standard deviations of individual SEP components for the pre-intervention mean, and the three post-
intervention data, trials 0–10 min, 10–20 min, and 20–30 min

N11 N13 P14–N18 (Fc 0) P14–N18 (Cc0) P14–N20 N20–P27 P22–N30

SM Control SM Control SM Control SM Control SM Control SM Control SM Control

Pre-intervention
Amplitude 0.98 1.08 2.67 2.72 1.22 1.46 1.31 1.65 2.65 3.02 2.85 3.97 2.61 2.29
SD 0.31 0.29 0.53 0.54 0.49 0.58 0.54 0.54 1.05 1.07 1.03 1.78 1.41 1.35
Latency 12.1 12.4 13.7 13.8 15.1 15.2 17.6 17.6 19.7 19.7 19.7 19.7 30.5 31.9
SD 0.88 1.04 0.77 0.98 0.98 0.98 1.23 1.06 1.09 1.42 1.09 1.42 0.72 1.41

Trail 0–10 min
Amplitude 0.95 1.12 2.74 2.75 1.16 1.38 1.29 1.65 2.28* 2.99 2.70* 4.04 2.02* 2.37
SD 0.30 0.35 0.53 0.38 0.30 0.64 0.59 0.54 0.87 1.06 1.08 1.83 1.30 1.43
Latency 12.0 12.3 13.7 13.8 15.1 15.2 17.8 17.7 19.7 19.7 19.7 19.7 30.6 31.4
SD 0.92 1.07 0.83 0.96 0.98 0.93 1.37 1.19 1.09 1.42 1.09 1.42 1.03 1.33

Trail 10–20 min
Amplitude 0.93 1.16 2.69 2.70 1.14 1.42 1.31 1.60 2.23* 3.00 2.58* 3.97 2.29* 2.26
SD 0.38 0.32 0.62 0.63 0.43 0.63 0.49 0.44 1.02 0.97 0.95 1.74 1.3 1.4
Latency 12.0 12.3 13.7 13.7 15.0 15.1 17.8 17.5 19.6 19.5 19.6 19.5 30.53 31.52
SD 0.95 0.98 0.92 0.87 1.17 1.02 1.21 1.27 1.27 1.31 1.27 1.31 0.96 1.37

Trial 20–30 min
Amplitude 0.96 1.11 2.86 2.69 1.27 1.40 1.24 1.46 2.38* 3.11 2.56* 3.59 2.43 1.83
SD 0.26 0.33 0.49 0.35 0.39 0.59 0.54 0.31 0.96 0.94 0.97 1.80 1.10 1.36
Latency 11.9 12.0 13.5 13.5 15.0 15.0 17.5 17.2 19.5 19.2 19.5 19.2 30.7 31.9
SD 0.89 0.78 0.92 0.82 0.95 0.91 1.37 1.15 1.20 1.14 1.20 1.14 0.91 1.26

Note that the P14 SEP peak latency data is included under the P14–N18 (Fc 0) column and the N18 SEP peak latency data is included under the P14–N18
(Cc0) column.

* p < 0.05 compared to baseline values.

Fig. 2. Erb’s point (Erb), cervical (Cv5), post-central (Cc 0), and pre-
central (Fc 0) SEP traces from one representative subject prior to spinal
manipulation. Traces are superimposed to show reproducibility of the
measured peaks. The Cc 0 was recorded with a non-cephalic reference. The
Fc 0 was recorded with a cephalic reference (ipsilateral earlobe). The Cv5
spinous electrode was referenced to the anterior neck (tracheal cartilage).
The Erb’s point electrode and the central Cc 0 electrode were also
referenced to the contralateral shoulder for analysis of subcortical SEP
components.
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N20 to N27. This suggests that S1 processing was reduced
post manipulation. One possible contribution to the
reduced parietal N20 could come from enhanced active
inhibition. For example, thalamocortical afferents mono-
synaptically activate an intracortical feed-forward inhibi-
tion to area 3b pyramidal cells supposed to generate
parietal N20 (Desmedt and Cheron, 1980; F. Mauguiere,

1999; Nuwer et al., 1994) via the summation of excitatory
postsynaptic potentials. The cervical spine manipulation(s)
could have altered the afferent information originating
from the cervical spine (from joints, muscles, etc), in turn
altering the way that the 3b pyramidal cells respond to
any subsequent afferent input such as the median nerve
stimulation in our study.

Fig. 3. Changes to the N30 SEP component of a single subject recorded immediately before and after a session of cervical spine manipulations. The
averaged pre-intervention N30 peak is depicted in thick black, the post-intervention trials (trials 0–10 min, 10–20 min and 20–30 min) 0–10 min, 10–
20 min, and 20–30 min post-manipulation, respectively, are depicted in blue, green and purple, respectively. This particular subject displayed attenuated
peak amplitude during all three post-manipulation trials.

Fig. 4. Cervical (Cv5), post-central (Cc 0), and pre-central (Fc 0) SEP traces from one representative subject prior to and after cervical spine manipulation.
Horizontal dashed lines represent the onset, peak or subsequent trough of the various SEP components for the pre-intervention condition to demonstrate
clearly the attenuation of the cortical SEP components observed following spinal manipulation (parietal N20 and frontal N30). The Cc 0 was recorded with
a non-cephalic reference, the Fc 0 was recorded with a cephalic reference (ipsilateral earlobe), and the Cv5 spinous electrode was referenced to the anterior
neck (tracheal cartilage).
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The passive head movement SEP experiment demon-
strated that no significant changes occurred following a
simple movement of the subject’s head. Our results are
therefore not simply due to altered input from vestibular,
muscle or cutaneous afferents as a result of the chiroprac-
tor’s touch or due to the actual movement of the subjects
head. This therefore suggests that the results in this study
are specific to the delivery of the high-velocity, low-ampli-
tude thrust to the dysfunctional joints. The passive head
movement experiment was to control for the potential neu-
ral changes due to the afferent traffic resulting from touch
and head movement alone. It was not intended to be a
sham manipulation.

It is however also possible that subject arousal levels
differed between the two groups and this may be a con-
founding variable in this study. It is for example known
that sleep can prolong the latency and alter the morphol-
ogy of the parietal N20 component of median nerve
SEPs in healthy subjects (Emerson et al., 1988). The sub-
jects in the manipulation group may have been anxious
about the manipulations and therefore more alert than
the subjects in the passive head movement group. As it
is not possible to perform a sham adjustment, this is
an inherent problem with this type of intervention that
is difficult to overcome. It is the authors’ opinion that
it is unlikely that the subjects in the passive head move-
ment control condition were merely more relaxed

throughout the study for several reasons. First of all
there were no changes observed in any SEP peak latency
in this study, and latency changes are known to occur
with alterations in arousal levels (Emerson et al., 1988).
Furthermore, the subjects’ frontal N30 SEP component
returned to baseline by the third post-manipulation trial.
It would not make sense that the subjects were anxious
prior the manipulations, then all relaxed instantly follow-
ing the manipulations, and then became anxious again
towards the end of the study.

4.3. The frontal P22–N30 SEP peak changes

The greatest amplitude change was observed with the
frontal N30 component of the SEP peaks. Although some
authors suggest this peak is also generated in the post-cen-
tral cortical regions (i.e. S1) (Allison et al., 1989b, 1991,
1989a), most evidence suggests that this peak is related to
a complex cortical and subcortical loop linking the basal
ganglia, thalamus, pre-motor areas, and primary motor
cortex (Kanovský et al., 2003; Mauguiere et al., 1983; Ros-
sini et al., 1987, 1989; Waberski et al., 1999). The frontal
N30 peak is therefore thought to reflect sensorimotor inte-
gration (Rossi et al., 2003). The attenuated frontal N30
SEP peak observed in our study therefore suggests that
there may be a decrease of activity in these cortical and
subcortical loops linking the basal ganglia, thalamus, pre-

Fig. 5. Cervical (Cv5), post-central (Cc 0), and pre-central (Fc0) SEP traces from one representative subject prior to and after passive head movement
(control condition). Horizontal dashed lines represent the onset, peak or subsequent trough of the various SEP components for the pre-intervention
condition to demonstrate clearly that no changes occur following the passive head movement control condition. The Cc 0 was recorded with a non-cephalic
reference, the Fc 0 was recorded with a cephalic reference (ipsilateral earlobe), and the Cv5 spinous electrode was referenced to the anterior neck (tracheal
cartilage).
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motor areas and primary motor cortex resulting from medi-
an nerve stimulation, immediately following spinal manipu-
lation, lasting on average 20 min. Again this may be due to
altered afferent input following spinal manipulation.

Previous research has shown that the frontal N30 com-
ponent has independent cortical generators with a separate
thalamo–cortical input (Balzamo et al., 2004; Mauguiere
et al., 1983). Intracortical human recordings have also
shown afferent information following median nerve stimu-
lation project directly to the primary motor cortex (Balz-
amo et al., 2004), as has been documented previously in
primates (Strick and Preston, 1982; Tanji and Wise,
1981). The frontal N30 component is therefore subject to
more complex inputs than those flowing on from the pari-
etal N20 generator alone. That the frontal N30 amplitude
attenuation was on average 20% greater than the parietal
N20 amplitude attenuation could be a reflection of the
additional inputs from the separate thalamo–cortical
pathways.

4.4. The afferent mediators of the central neural effects of
spinal manipulation

The current study supports previous work that suggest
muscle afferents (probably Ia) are the most likely mediators
of the central neural effects of spinal manipulation (Bolton
and Holland, 1996, 1998; Murphy et al., 1995; Pickar and
Wheeler, 2001; Zhu et al., 2000, 1993). As mentioned, the
N30 peak was the most dramatically attenuated SEP peak
in this study. Previous work has demonstrated that the
frontal N30 peak is the most vulnerable SEP component
to vibration interference (Hoshiyama and Kakigi, 2000).
Vibration of relaxed muscles, as used in Hoshiyama and
Kakigi’s study, 2000, predominantly stimulates the group
Ia fibres (from muscles spindles) (Roll et al., 1989). Group
Ib and II fibres are not sensitive to this type of stimulation
(Roll et al., 1989). This study demonstrates that the frontal
N30 component is highly sensitive to changing levels of Ia
afferent input (Hoshiyama and Kakigi, 2000). The signifi-
cant attenuation of the frontal N30 SEP component
observed in the current study thus suggests that spinal
manipulation may alter Ia afferent processing. This is con-
sistent with previous animal studies that have demonstrat-
ed that displacement of vertebrae is signaled to the central
nervous system by afferent nerves arising from deep inter-
vertebral muscles (Bolton and Holland, 1996, 1998; Pickar
and Wheeler, 2001). In particular, both the velocity and rel-
ative position of the vertebral displacement appeared to be
encoded by afferent nerve activity from intervertebral mus-
cles (Bolton and Holland, 1996, 1998).

If Ia afferents are the mediators of the central neural
effects documented following spinal manipulation of dys-
functional joints, the persistent attenuation of the N20
component, seen in our study, may reflect a reduction of
activity at S1 following spinal manipulation. It is possible
that joint dysfunction leads to a bombardment of the
CNS with Ia afferent signaling from the surrounding inter-

vertebral muscles. Bolton and Holland’s (1996, 1998)
observations of increased Ia activity from the paravertebral
musculature surrounding surgically fixated vertebrae in
cats support this theory. Furthermore, Pickar and Wheeler
(2001) have demonstrated in anesthetized cats that both
spindle cells and golgi tendon organs can respond to
high-velocity, short-duration loads, i.e. loads with a
force-time profile similar to that of a load delivered during
spinal manipulation. Therefore, if spinal manipulation
reduces excessive signaling from the involved intervertebral
muscles this altered afferent input to the CNS may
change the way it responds to any subsequent input, such
as the electrical stimulation from the median nerve in this
study.

4.5. Implications for investigations of neural plasticity and
spinal manipulation

Episodes of acute pain, such as following an injury, may
initially induce plastic changes in the sensorimotor system
(for review, see Wall et al., 2002). Pain alone, without deaf-
ferentation, has been shown to induce increased SEP peak
amplitudes (Tinazzi et al., 2000, 2004) and increased
somatosensory evoked magnetic fields (Soros et al.,
2001). As the sensorimotor disturbances are known to per-
sist beyond the acute episode of pain (Jull et al., 2002; Ster-
ling et al., 2003), and thought to play a defining role in the
clinical picture and chronicity of different chronic neck
pain conditions (Michaelson et al., 2003), then the reduced
cortical SEP peak amplitudes observed in the current study
following spinal manipulation may reflect a normalization
of such injury/pain-induced central plastic changes, which
may reflect one mechanism for the improvement of func-
tional ability reported following spinal manipulation.

The observations in the present study suggest that spinal
manipulation of dysfunctional joints may modify transmis-
sion in neuronal circuitries not only at a spinal level as indi-
cated by previous research (Herzog et al., 1999; Murphy
et al., 1995; Symons et al., 2000), but at a cortical level,
and possibly also deeper brain structures such as the basal
ganglia. Further studies are needed to elucidate the role
and mechanisms of these cortical changes, and their rela-
tionship to a patient’s clinical presentation.
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