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Abstract
Background Context—Spinal manipulative therapy (SMT) has shown clinical effectiveness in
some patients with musculoskeletal pain.

Purpose—We performed the current experiment to test whether regional pain modulation is to
be expected from thoracic SMT.

Study Design/Setting—Randomized experimental design performed in a university pain
laboratory.

Outcome Measures—The primary outcome was experimental pain sensitivity in cervical and
lumbar innervated area.

Methods—Ninety healthy volunteers were randomly assigned to receive one of three
interventions (SMT, exercise or rest) to the upper thoracic spine. Participants completed
questionnaires about pain-related affect and expectations regarding each of the interventions. We
collected experimental pain sensitivity measures of cervical and lumbar innervated areas before
and immediately after randomly assigned intervention. Mixed-model analysis of co-variance was
used to test changes in measures of experimental pain sensitivity.

Results—No interactions or intervention (group) effects were noted for pressure or A-delta
mediated thermal pain responses. Participants receiving SMT had greater reductions in temporal
sensory summation (TSS).

Conclusions—This current study indicates thoracic SMT reduces TSS in healthy subjects.
These findings extend our previous work in healthy and clinical subjects by indicating change in
the nocioceptive afferent system occurred caudal to the region of SMT application. However, the
duration of reduction in TSS is an unknown, and more work needs to be completed in clinical
populations for confirm the relevance of these findings.

Spinal manipulation techniques (SMT) are interventions distinguishable from other manual
therapies used to manage spinal pain by their characteristic high velocity and low amplitude.
SMT are commonly used during the management of disorders in the cervical [1,2], thoracic
[3] and lumbar spines [4]. Proposed models of the mechanisms of SMT [5,6,7,8] suggest
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that the mechanical stimulus of a manual therapy technique triggers a cascade of
neurophysiological effects. Our recent work [9,10,11] and that of others [1,12] suggests
these neurophysiological mechanisms result in hypoalgesic responses in patients with
musculoskeletal pain and participants in experimental studies of SMT. For example,
diminished ratings of pain intensity associated with standardized thermal [9,10,11],
mechanical [1,2] and electrical [13] stimuli are observed after SMT.

Our data suggests that the effect of SMT applied to the lumbar spine is strongly associated
with a particular aspect of the nociceptive afferent system, temporal sensory summation
(TSS) [9,11]. This finding is of potential importance as TSS is a specific, short lasting aspect
of central sensitization of the nervous system. TSS is determined by the administration of
consecutive, rapid pulses of standard nociceptive input, all at the same amplitude and
frequency. TSS in humans is a reversible phenomenon that occurs rapidly at stimulus rates
faster than 0.3–0.5 Hz [14]. TSS is thought to occur predominantly in the dorsal horn of the
spinal cord but it also involves areas of the cerebral cortex involved in pain processing and
pain behavior.[15] In our prior experimental studies of lumbar SMT involving healthy
subjects and subjects with low back pain, immediate reduction of TSS occurred in lumbar
innervated regions (lower-extremities) but not in cervical innervated regions (upper-
extremities) after SMT [9,11]. We hypothesized, based on these findings, that SMT directed
at the lumbar spine stimulates a neurophysiological response that affects pain modulation in
the lumbar, but not the cervical region.

To further test if local pain modulation was to be expected from spinal manipulation we
performed the current experiment using a upper thoracic SMT shown to result in short-term
reductions in pain and disability for people with neck pain [16]. The objective of the current
study was to identify if the immediate pain modulatory effects of upper thoracic SMT were
local to areas innervated by the cervical region. We hypothesized that pain modulation
would occur for TSS but not other aspects of afferent nociception consistent with our prior
studies [9,17,18]. We also hypothesized that if the effect of SMT was regionally specific,
there would be immediate modulation of pain sensitivity in the upper extremity but not the
lower extremity.

METHODS
We recruited 90 volunteer healthy subjects (mean age 22.9 ± 2.7 years, 66 women) using
advertisements posted in XXXXX. All participants read and signed a consent form. The
consent from and protocol for this study were approved by the Institutional Review Board.
Inclusion criteria for this study were: 1) between 18-35 years of age and 2) no neck or
upper-extremity complaints within the past sixty days. Exclusion criteria for this study were:
1) identification of any medical signs and/or symptoms suggesting systemic dysfunction, 2)
history of whiplash-type injury within 60 days of initial examination, 3) previous spinal or
upper-extremity surgical interventions, 4) regular use of analgesic or anti-inflammatory
drugs (within past 48 hours).

Measures
Demographics—Subjects completed a demographic survey that included information
about their education, prior pain experiences and prior experience with the interventions
used in this study.

Psychological Questionnaires—We chose to measure these psychological factors
given the reported influences of these constructs on pain intensity in experimental models of
thermally induced pain [19]. Any measure different between groups post-randomization was
to be included in subsequent analysis as a covariate.
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The Fear of Pain Questionnaire (FPQ) is a 30-item, 5-point rating scale developed to
measure fear about specific situations that may cause pain. We use the total score for the
FPQ-III, as we were most interested in measuring subjects’ general fear of pain [20].

Tampa Scale of Kinesiophobia – General Population (TSK-G) – The TSK-G utilizes a 12-
item, 4-point Likert scale with higher scores indicating elevated levels of fear of movement/
(re)injury [21].

The Anxiety Sensitivity Index (ASI) uses a 16-item, 4-point rating scale to assess anxiety
sensitivity, which is the perception of whether experiencing symptoms of anxiety causes
harm. The ASI has been validated in community samples [22] and demonstrated factor
invariance across different sex and age groups [23].

Pain Catastrophizing Scale (PCS) - The PCS utilizes a 13-item, 5-point Likert scale with
higher scores indicating elevated levels of Catastrophizing [24].

Expectations for reductions in induced pain—Subjects completed a 1-item, 3-point
Likert scale survey about their expectation for reductions in pain associated with the thermal
stimuli. Subjects rated if they would experience more, the same, or less pain during testing
of thermal pain sensitivity.

Outcome measures
Experimental Pain Sensitivity—We used mechanical and thermal stimuli to determine
experimental pain sensitivity in cervical and lumbar innervated areas. Pain sensitivity was
measured before, and immediately after, the application of any intervention.

Mechanical Stimuli—Pressure pain threshold (PPT) was assessed using a pressure
algometer (Pain Diagnostics & Treatment, Great Neck, NY). The tip of the algometer is
equipped with a rubber foot-plate of 1-cm diameter. During testing, pressure was gradually
applied until the subject reported that the sensation changed from pressure to pain. At that
point the force application was stopped and the applied force was recorded in kg-force. This
test was performed at the dorsal web-space between: 1) the first and second fingers, and 2)
the first and second toes.

Thermal Stimuli—All thermal stimuli were delivered to the skin of subjects using a
computer-controlled Medoc Neurosensory Analyzer (TSA-2001, Ramat Yishai, Israel).
Stimulation sites were varied to prevent carryover effects due to local sensitization. We had
both a male and female examiner present during testing to account for sex and/or gender
influence on pain reporting [25].

Before each testing session, subjects underwent a practice session. During this session
subjects experienced the entire range of temperatures to which they were to be exposed.
Subjects practiced using the rating scale to rate the intensity of pain experienced in response
to each stimulus. In order to standardize the scaling instructions, a standardized instructional
set was used for all subjects during every exposure to the thermal stimuli. The scaling
instructions were repeated for every set of ratings within each session [26].

First pain—Thermal stimuli of 5 seconds duration were applied to the volar forearm and to
the posterior surface of the upper calf below the popliteal fossa, with the subject in a sitting
position. The subjects experienced a sequence of four thermal pulses that included 45 C, 47

C, 49 C, or 51°C presented randomly.
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Subjects were cued to provide a rating of any pain experienced immediately after the peak of
each thermal pulse using a numeric rating scale (NRS) anchored at 0 (no pain sensation at
all) and 100 (worst pain imaginable). These response ratings were categorized as first pain
responses [12].

This procedure was performed twice and the average of both trials was used in subsequent
analyses. The interstimulus interval was at least 60 seconds to avoid carryover effects from
one stimulus to another, to prevent changes in receptor responses and to prevent tissue
changes. Temperature levels were monitored by a contactor-contained thermistor, and
returned to a preset baseline of 35°C by active cooling at a rate of 10°C.sec−1 [27,28].

Temporal sensory summation—A train of 10 heat pulses peaking at 50 C was applied
to the glabrous skin of the hand (thenar eminence) and foot (medial longitudinal arch).
Temperature levels were monitored by a contactor-contained thermistor, and returned to a
preset baseline by active cooling at a rate of 10 C.sec−1. The participants were asked to rate
the magnitude of their second pain sensation following each heat pulse using the same 101
point NRS. This increase in the delayed or second pain intensity rating that occurs from
early to later inputs is referred to as TSS. We used a simple slope measure (the rating of
pulse 1 subtracted from the rating of pulse 5) in our analyses.

Interventions
Participants were randomly assigned to one of three intervention groups: 1) High velocity,
low amplitude intervention (SMT), 2) specific cervical exercise (CE) or, 3) control group.

The SMT group received an intervention used for patients with cervical disorders and has
been shown to be effective in reducing pain and self-report of disability [16]. This technique
is hypothesized to affect the lower cervical and upper thoracic region [29]. The technique
was performed with the subject in the supine position. The subject clasped their hands
behind their neck and brought their elbows together in front of their chest. One hand of the
physical therapist was placed on the upper thoracic region and the other on the subjects’
elbows. The force application was directed through the subjects’ elbows. The technique was
applied two times in concordance with clinical literature related to the technique. In the
event that a cavitation (audible-pop) occurred during the intervention, it was documented.
This particular procedure was chosen to replicate the procedure used in previous studies of
clinical efficacy and effectiveness.

The CE group performed a common exercise used for patients with cervical disorders [30]
that has been reported to be associated with immediate effects on complaints of cervical pain
with movement. This exercise has also been associated with immediate hypoalgesic
treatment effects in patients experiencing cervical pain [31]. Subjects were instructed on the
performance of an active exercise to be performed in the supine position. “The movement
involves flexion of the cranium on the cervical spine while ensuring the back of the head
remains in contact with the supporting surface” [31]. The subject was asked to perform three
sets of ten repetitions with a five second hold at a sub-maximal (<25%) effort.

The control group rested quietly in supine for five minutes.

Data Analysis
Demographic variables were compared among groups using one way analyses of variance
(ANOVA) with t-tests for post-hoc comparisons of group means from continuous parametric
and Mann-Whitney U and Chi-squared for non-parametric data. Additionally, the
frequencies of cavitation noted by the patient or researcher were calculated.
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We used three-way mixed model ANOVAs to examine changes in each of the primary
outcome variables for this study. Those outcomes were the ratings of pain at 47°C and 49°C,
TSS, and the force measured at the pressure pain threshold. For first pain responses, data for
45°C and 51°C were not analyzed because these represented sub-threshold and tolerance
values respectively, for a majority of patients in our previous studies [9,10,11].

Each model contained the between subjects factor group (SMT, CE, control) and there were
two within subject factors: time (pre, post) and body region (upper extremity, lower
extremity). Confounding variables were defined as those variables different among groups
post-randomization and associated with the outcomes. Any confounding variables identified
were to be included as covariates.

Significant interactions were followed using a two-way or one way ANOVA as indicated.
Pair-wise comparisons were made using t-tests, and Type 1 error was maintained at 5%
using Bonferroni corrections. All analysis was performed using SPSS 17 (SPSS Inc,
Chicago, IL).

RESULTS
Group differences

Demographic variables are summarized in Table 1. The groups were not different in key
demographic (sex, age, race, and education) and most psychological (anxiety, fear,
kinesiophobia) variables. There were post-randomization group differences in pain
catastrophizing with the control group reporting elevated levels of catastrophizing in
comparison to the group receiving exercise (p=0.029). However, catastrophizing was not
associated with any of the outcome measures used in this study. See Table 2. Likewise,
while post-randomization differences were noted in the expectation for hypoalgesia (chi-
square=10.8, p=0.028). Residual analysis indicated that this effect was driven by more
participants in the control group expecting to worsen after intervention (residual=2.09).
There were no differences in any of the outcomes among the categories of expectation.
Within the group receiving SMT, nine participants experienced cavitation with each
application of SMT (four total), and three experienced no cavitation at all. The median
number of cavitations per participant was two.

Experimental Pain Sensitivity
Mechanical Stimuli: Pressure Pain Threshold—For PPT, no interaction effects were
noted to be significant (all p>0.27). There were no significant effects for group; however, a
main effect for limb (F1,85=62.3, p<0.001, partial η2 = 0.41) was significant. On average, the
lower extremity threshold values were higher than the upper extremity values regardless of
the type of intervention received or testing time. A time effect was also noted (F1,85=9.6,
p=0.009, partial η2 = 0.10) in which all groups increased in PPT from pre to post-
intervention.

Thermal Stimuli: First Pain—No three-way or two-way interactions were evident for
ratings of first pain at 47 C. However, main effects were identified for time (F1,85=41.8,
p<0.001, partial η2 = 0.32) in which the average rating of 47 C was lower at the post-test.
Additionally, a limb effect was identified (F1,85=8.2, p=0.005, partial η2 = 0.41) whereby the
ratings of 47 C were higher in the upper extremity than the lower extremity (p=0.005).
Similar effects for time (F1,85=21.1, p<0.001, partial η2 = 0.20) were noted for the ratings at
49 C. No limb effects were noted. The figure shows the changes in rating of first pain over
time.
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Thermal Stimuli: Temporal Sensory Sensation—No three way interactions were
noted (F2,85=0.07, p=0. 935, partial η2 = 0.012). However, a two-way interaction occurred
between group × time (F2,85=6.9, p=0.010, partial η2 = 0.07). Here the SMT group
experienced a significant reduction in TSS after the intervention (p=0.003) to have a
significantly lower TSS than both CE (p=0.005) and control (p=0.014) groups. There were
no other effects noted.

DISCUSSION
The primary finding of this study was that changes in TSS occurred immediately after SMT
to the upper thoracic spine, supporting our first hypothesis. This effect of upper thoracic
SMT is consistent with our previous work in the lumbar spine [5,9,11] and provides
additional evidence that immediate inhibition of TSS may result following SMT.

Demonstrating a reduction in TSS has potentially meaningful implications. Patients with
chronic pain conditions often demonstrate increased rates and magnitudes of TSS compared
to pain free individuals [32,33,34]. TSS is a behavioral measure of wind-up in humans.
Windup is activity dependent modulation of dorsal horn activity[35] characterized by a
progressive increase in output from dorsal horn neurons in response to repeated unchanging
low-frequency nociceptor stimuli [35,36]. Windup is a short term and reversible event
related to central sensitization that is independent of transcription phenomena that
characterize long lasting facilitation and changes in central sensitization [37]. However,
repeated exposure to increased nociceptor activity resulting from windup can cause
facilitated transmission in dorsal horn neurons and long-lasting changes in synaptic
properties. This in turn could drive long-lasting changes in dorsal horn and CNS excitability
resulting in reduced thresholds to future episodes of nociception. We speculate that an
intervention that reduces TSS may inhibit or reduce the potential for central sensitization in
maintaining musculoskeletal pain. Additionally, interventions that inhibit or reduce TSS
may prevent long-term facilitation from occurring preventing the progression to central
sensitization and persistent pain states. This explanation is speculative as the current study
did not include subjects with musculoskeletal pain.

Our previous lumbar SMT studies have indicated that TSS is reduced in both patients with
LBP [5], and healthy subjects [9,10,11]. In those studies, reduction of TSS was noted in the
lower extremity after application of SMT to the lumbar spine potentially indicating a local
or regional treatment effect for SMT. Boal and Gillette [6] suggest that SMT interventions
activate A-delta fibers, initiating long-term depression of any local facilitation or
potentiation that has occurred in the dorsal horn at or around the level at which SMT is
applied. Such a finding may explain the observations of reduced TSS in dermatomes
associated with the region in which SMT is targeted. Consequently, we had hypothesized for
this current study that if the effect of SMT was local, or regionally specific, there would be
immediate reduction in the upper extremity after SMT but not the lower extremity.

This hypothesis was not supported by our data as there were reductions in TSS that occurred
in both the upper and lower extremity. Converging evidence from experimental studies of
nociception in animal models suggests that the observed phenomenon (changes in TSS distal
to the spinal level of application) could be mediated by propriospinal neurons projecting
from the lower cervical cord to the lumbar spine. For example, cervical propriospinal
neurons mediate inhibition of neurons in the [38], cats [39,40] and primates [41]. Also, and
more specifically, Sandulker et al [42] concluded that propriospinal neurons from the
cervical and thoracic cord modulate thermally-evoked noxious responses of lumbar dorsal
horn neurons. Furthermore, activation of capsacin sensitive vanilloid receptors in cervical
muscles of cats increases the neuronal activity of the cervical and lumbar dorsal horns
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[39,40]. This activation in the lumbar dorsal horn occurs bilaterally with the highest
concentration of activity in lamina I and V [39,40] representing areas with the largest
concentration of nociceptive neurons receiving terminations from c-fiber afferents, [43]
which are hypothesized to be the primary inputs for TSS [27,44,45]. The implications for
this caudal effect on TSS remain unclear.

More recently, Haavic-Taylor and Murphy [46] reported that cervical SMT produces
changes in cortical sensory evoked potentials. These authors hypothesized that cervical SMT
alters afferent information from the cervical spine which in turn alters the manner in which
the somatosensory cortex responds to subsequent afferent input. Changes in cortical
response to afferent input could likely contribute to altered TSS we observed immediately
following SMT. What is not clear is whether cortical responses to SMT would differ in
region or magnitude based on the spinal region targeted.

Limitations
Our conclusions based on the results of the current study must be tempered by the fact that
we tested the response to SMT in healthy subjects and consequently, we are unable to
comment about effects in patients with neck pain. Previously we have studied lumbar SMT
and our approach has been to examine nervous system responses in experiments in which
we were able to control many of the aspects of the encounter such as participant expectation,
diurnal fluctuations in physiology, room temperature and experimental setup. Studies in
healthy participants provide information about the performance of the nervous system in a
baseline condition. Our approach also involves eventual test of the interventions in a clinical
model – a situation in which there is far more variability. Determining that similar effects
were identified in highly controlled laboratory conditions and the more variable clinical
setting allows us to conclude that the response is robust given our observations of across
multiple studies involving lumbar SMT [9,10,18].

In the current study we proposed that the effect of SMT in the cervical spine would be
consistent with the lumbar spine; that is, the mechanisms would likely be the same. If we
had performed the clinical study first, and not found an effect, we would be unable to
comment whether the negative finding was related to differences in cervical anatomy/
physiology or response to the intervention. Therefore, we have done this study in healthy
participants first. The logical extension of our findings will be to repeat this study in
individuals with upper thoracic and cervical pain.

Additional limitations are that we are unable to describe the duration of these effects on
TSS. Future work will address the assessment of caudal/distal changes bilaterally, and
evaluate changes in TSS over a longer time period.

Conclusions
This current study confirms that reduction in TSS may be an expected neurophysiological
response to SMT for healthy subjects. This is an intriguing pre-clinical finding because
interventions that reduce TSS have the potential of limiting the development of central
sensitization of pain. This study extends previous work by identifying that reduction in TSS
occurred caudal to the region of application of upper thoracic SMT. We suggest that
subsequent studies of upper-thoracic SMT should include patient populations and collecting
neurophysiological data from multiple areas innervated by regions caudal to application.
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Figure 1.
This figure shows the group by time interaction for the measure of temporal sensory
summation. The asterisk indicates that TSS was significantly decreased after intervention for
the SMT group. Neither of the other groups was different after intervention.
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Table 1

Demographic Variables, and Baseline Measures of Pain Sensitivity, and Psychological Variables

SMT Exercise Control p-value

Demographic factors

Age (years) 23.03 ± 2.44 23.03 ± 2.95 22.47 ± 2.21 0.61

Sex (number female) 19 22 25 0.22

Race 0.53

 Caucasian 23 23 24

 African American 2 0 2

 Asian 4 3 2

 Native Hawaiian or Pacific Islander 0 2 0

 Other 1 2 2

Education (years) 16.5 ± 2.06 16.05 ± 1.5 15.95 ± 1.17 0.38

Episodes of neck pain in life? 1.33 ± 1.63 1.87 ± 5.03 2.38 ± 4.35 0.60

Prior treatment with manipulation 10 11 8 0.70

Psychological factors

 Anxiety (ASI) 15.37 ± 6.42 15.03 ± 6.38 18.47 ± 8.7 0.14

 Fear of pain (FPQ-9) 12.93 ± 4.39 14.2 ± 3.89 14.03 ± 3.59 0.14

 Catastrophizing (PCS) 15.83 ± 9.77 13.63 ± 8.87 19.6 ± 7.38 0.03

 Kinesiophobia (TSK-G) 19.7 ± 4 19.63 ± 4.93 20.9 ± 4.34 0.46

Pre-intervention expectation 0.03

 Less pain 8 3 5

 Same pain 19 23 14

 More pain 3 4 11

SMT – high velocity low amplitude technique

ASI – Anxiety State Index (0-64)

FPQ-9 – Fear of pain questionnaire (0-36)

PCS – Pain Catastrophizing Scale (0-52)

TSK-G – Tampa Scale of Kinesiophobia – General (11-44)

Pre-intervention expectations were measured by asking subjects to indicate what that they expected to experience during the thermal testing after
the intervention.
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