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Changes in Biochemical Markers
of Pain Perception and Stress Response
After Spinal Manipulation

pinal manipulation (SM) is a common treatment approach
for pain reduction in low back and neck disorders.?>*** The
effectiveness of SM to treat musculoskeletal pain, such as spinal
pain, has been summarized in recent Cochrane reviews.*¢

Overall, the evidence suggests that
SM provides improvements in pain re-
lief, though similar results have been de-
scribed in other competing treatments,
such as general practitioner manage-
ment, medication, and exercise, in pa-
tients with musculoskeletal pain.®7 It has
been shown that the presence of pain in-

duces changes in the anatomy and func-
tion of the central and peripheral nervous
systems.2%46:53 Therefore, research on an
asymptomatic population may be impor-
tant to accurately determine the antinoci-
ceptive mechanism of SM. Several studies
in asymptomatic subjects have shown
that SM techniques induce changes in

© STUDY DESIGN: Controlled, repeated-mea-
sures, single-blind randomized study.

© OBJECTIVES: To determine the effect of
cervical or thoracic manipulation on neurotensin,
oxytocin, orexin A, and cortisol levels.

© BACKGROUND: Previous studies have re-
searched the effect of spinal manipulation on pain
modulation and/or range of movement. However,
there is little knowledge of the biochemical process
that supports the antinociceptive effect of spinal
manipulation.

© METHODS: Thirty asymptomatic subjects

were randomly divided into 3 groups: cervical
manipulation (n = 10), thoracic manipulation (n =
10), and nonmanipulation (control) (n = 10). Blood
samples were extracted before, immediately after,
and 2 hours after each intervention. Neurotensin,
oxytocin, and orexin A were determined in plasma
using enzyme-linked immuno assay. Cortisol was
measured by microparticulate enzyme immuno
assay in serum samples.

© RESULTS: Immediately after the intervention,
significantly higher values of neurotensin (P<.05)
and oxytocin (P<.001) levels were observed with
both cervical and thoracic manipulation, whereas
cortisol concentration was increased only in the
cervical manipulation group (P<.05). No changes
were detected for orexin A levels. Two hours after
the intervention, no significant differences were
observed in between-group analysis.

© CONCLUSION: The mechanical stimulus pro-
vided by spinal manipulation triggers an increase
in neurotensin, oxytocin, and cortisol blood levels.
Data suggest that the initial capability of the
tissues to tolerate mechanical deformation affects
the capacity of these tissues to produce an induc-
tion of neuropeptide expression. J Orthop Sports
Phys Ther 2014;44(4):231-239. Epub 22 January
2014. doi:10.251%/jospt.2014.4996
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physiological reflexes,?® increase neu-
romuscular excitability,?> and modify
sensitivity.?°

The mechanisms through which
SM alters musculoskeletal pain are still
unknown. However, current evidence
suggests an interaction between the
mechanical stimulus and the associated
neurophysiological responses,®! includ-
ing rapid hypoalgesia with concurrent
sympathetic nervous system and mo-
tor system excitation, similar to those
generated by direct stimulation of the
periaqueductal gray matter.*® Recent
animal studies show that the analgesia
produced by joint mobilization involves
serotonin and noradrenaline receptors
in the spinal cord, thereby performing a
supporting role for central mechanisms
of pain modulation.® Several neuropep-
tides, such as neurotensin,?* oxytocin,?
or orexin A,’ have been associated with
hypoalgesia and pain modulation, and it
is well known that cortisol plays an anal-
gesic role related to stress responses.***
Recent theories have also suggested that
chronic pain could be partly maintained
by maladaptive physiological responses of
the organism facing a recurrent stressor,
a situation related to high cortisol lev-
els.*% To our knowledge, there is a lack
of studies analyzing changes in these no-
ciception-related biochemical markers in
response to manual therapy.
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There are controversial opinions re-
garding the antinociceptive effects of
SM according to the site of application.
Some authors have reported that cervical
manipulation may produce better analge-
sic effects than thoracic manipulation,
and other authors have not detected
differences in pain relief between the 2
techniques.*> To make better therapeu-
tic decisions, professionals would profit
from knowing whether one type of SM
is better than others in terms of antino-
ciceptive effects. Taking these data into
account, our purpose was to determine
whether cervical and thoracic manipu-
lation would induce differences in neu-
ropeptide production or have a similar
biochemical response. The aim of this
study was to evaluate the effects of cer-
vical and thoracic SM on the plasmatic
concentration of biochemical markers
(neurotensin, orexin A, oxytocin, and
cortisol). This study represents a prelimi-
nary step in advancing the understand-
ing of the underlying mechanisms of SM
treatment and its effects.

METHODS

Subjects

HE SAMPLE POPULATION CONSISTED

of graduate students who responded

to advertisements placed in the Uni-
versity of Jaén (Spain). All subjects signed
an informed consent form approved
by the University of Jaén Institutional
Review Board prior to participating in
the study. Participants were verbally
screened for their history of neck pain
and for current use of any drug. Those
who had 1 or more of the following con-
ditions were excluded from the study:
contraindication to manipulation, his-
tory of whiplash or cervical surgery, pain
related to cervical spine or arm in the
previous month, headache in the previ-
ous days, spinal manipulative therapy in
the previous 2 months, or loss of standing
balance. The study was approved by the
Ethical Committee in Clinical Research
of the University of Jaén, and the proto-
col was performed following the Ethical
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FIGURE 1. Thoracic spinal manipulation.

Principles for Medical Research in Hu-
mans of the Declaration of Helsinki.

Interventions

SM procedures consisted of standard
techniques performed as described by
Gibbons and Tehan.?! The thoracic SM
technique involved a high-velocity, end-
range, anterior-posterior force through
the elbows to the middle thoracic spine
(T3-4) on the lower thoracic (T4-5) spine
in a supine position, with the patient’s
arms crossed (FIGURE 1). The cervical
manipulation involved a high-velocity,
midrange, left rotational force to the mid
cervical spine (C4) on the lower cervical
spine (C5) in supine, with left rotation
and right sidebending (FIGURE 2).

Blood samples and active cervical ro-
tation movement were obtained from all
subjects before, immediately after, and 2
hours after the intervention. Confound-
ing factors such as time of day (circadian
rhythms), prior diet, and activity patterns
were controlled in the 2-hour period
prior to reassessment. All interventions
were performed at the same time of day
for each participant.

Outcome Measures

Extracting Blood Samples and Obtain-
ing Serum/Plasma Serum samples were
extracted by venipuncture of the cephalic
vein, according to a standardized proto-
col?® that used a Vacutainer system (Bec-
ton, Dickinson and Company, Franklin
Lakes, NJ). Blood was collected in a tube
for serum (Vacutainer SST II Advance,

FIGURE 2. Cervical spinal manipulation.

model 367953) and a tube for plasma
(Vacutainer PST II Advance, model
367374) separation. After blood extrac-
tion, tubes stood at room temperature for
1 hour until the blood clotted. Afterward,
the tubes were centrifuged for 10 min-
utes at 2000g (Avanti J-301; Beckman
Coulter, Inc, Brea, CA). Supernatant was
collected, aliquoted, and kept at -80°C
until used.

Neuropeptide Quantification It has been
shown that neurotensin is implicated in
analgesia via its actions within central
and peripheral pain modulatory cir-
cuits,?® oxytocin plays an antinociceptive
role in the central nervous system,? and
orexin is involved in nociceptive sensory
processes.>?* Neuropeptides were de-
termined by a Luminex (Luminex Cor-
poration, Austin, TX) assay (Milliplex;
EMD Millipore Corporation, Billerica,
MA). This kit allows the simultaneous
quantification of neurotensin, orexin A,
and oxytocin (Milliplex HNP-35K; EMD
Millipore Corporation). Plasma samples
were thawed at room temperature and
processed following recommendations
from the manufacturer. Neuropeptide
data were normalized with the total
protein concentration of each sample,
which was calculated using the Bradford
assay.!® Cortisol has been found to corre-
late inversely with pain intensity, and in
this sense, a specific increase of cortisol
has been proven to have an antinocicep-
tive effect.! Cortisol concentration was
determined in serum samples using the
microparticulate enzyme immuno assay
in the AxSYM analyzer (Abbott Labo-
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‘ Assessed for eligibility, n = 35

FIGURE 3. Flow diagram of the study.
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TABLE 1 BASELINE CHARACTERISTICS OF PARTICIPANTS*
Thoracic Manipulation ~ Cervical Manipulation
All (n=30) Control (n =10) (n=10) (n=10)

Age,y 2780 + 416 2580 + 3.22 2980 = 4.52 2780 =+ 399
Weight, kg 69.50 + 1294 70.80 = 494 69.00 =+ 1495 6870 = 1700
Height, m 173 £ 0.09 175 = 0.07 17301 173 £ 008
BMI, kg/m? 2298 =319 2320 = 1.41 2293 + 360 22.82 =423
Gender, n (%)

Male 16(53.3) 6(60.0) 5(50.0) 5(50.0)

Female 14 (467) 4(40.0) 5(50.0) 5(50.0)
Student, n (%)

No 17 (56.7) 4(40.0) 8(80.0) (50.0)

Yes 13(433) 6(60.0) 2(20.0) (50.0)
Married, n (%)

No 22 (73.3) 7(70.0) 7(70.0) 8(80.0)

Yes 8(267) 3(30.0) 3(30.0) 2(20.0)
Smoker, n (%)

No 17 (56.7) 8(80.0) 4(40.0) 5(50.0)

Yes 13(43.3) 2(20.0) 6 (60.0) (50.0)
Abbreviation: BMI, body mass index.
*Values are mean = SD unless otherwise indicated.

ratories, Abbott Park, IL) following the
manufacturer’s recommendations.

Statistical Analysis

Data for continuous variables were ex-
pressed as mean * SD. Categorical data
were expressed as frequencies and per-

centages. The Kolmogorov-Smirnov and
Levene tests were performed to assess
normality and homoscedasticity, respec-
tively. A 3-by-3, mixed-model analysis of
variance (ANOVA) was performed to test
the effect of the factor (control, thoracic
manipulation, and cervical manipula-

tion) on the dependent variables (range
of motion and concentration of neuroten-
sin, orexin A, oxytocin, and cortisol). The
hypothesis of interest was the group-by-
time interaction. Additionally, to find out
if there was any significant interaction, a
Bonferroni pairwise comparison was per-
formed. Pearson correlation coefficients
were used to analyze the relations be-
tween continuous variables. Eta-square
and adjusted R? were used for measuring
effect sizes. Management and data analy-
sis were performed using the statistical
package SPSS for Windows Version 17.0
(SPSS Inc, Chicago, IL) and MedCalc
Version 12.5 (MedCalc Software bvba,
Ostend, Belgium). The level of statistical
significance was set at P<.05.

RESULTS

UT OF THE 35 PARTICIPANTS
OScreened, 30 subjects (46.7%

women; mean * SD age, 27.8 *
4.2 years) satisfied the eligibility criteria,
agreed to participate, and were random-
ized by sealed-envelope selection into the
cervical SM group (n = 10), the thoracic
SM group (n = 10), or a control group
that did not receive any treatment (n =
10) (FIGURE 3). Baseline characteristics of
participants are shown in TABLE 1.
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Neurotensin Concentration

TABLE 2 INTERGROUP COMPARISON in Blood Samples
OF NEUROPEPTIDE LEVELS* The 3-by-3, mixed-model ANOVA re-
vealed a significant interaction of time
Oh 2h by group for neurotensin concentration
Preintervention Postintervention  Postintervention PValue® Effect Size, 7/ (P = .029), with an eta-square value of
Neurotensin® 029 0179 18% (TABLE 2). On the other hand, with-
Control 4% =124 547122 493 =130 in-group comparisons in cervical and
Thoracic 515185 934233 6.16 = 2.64 thoracic manipulation groups showed a
Cervical 6.58 = 167 10.33 395 801+ 384 significant increase in neurotensin lev-
Orexin A* 210 0.101 els immediately postintervention com-
Contrl 200062385 205132197 20095+ 2676 pared with preintervention levels (P<.05)
Thoracic 20751 + 6693 160.89 = 46.19 15378 + 43.63 (TABLE 3). For the between-group analysis
Cervical 2U72+4850  1B17+669%6 16703 =5993 (FIGURE 4A), statistically significant differ-
Oxytocin <001 0622 ences were found on posttreatment mea-
Control 5241+1673 50772165  4606= 1364 surements between the control group
Thoracic 5312 +1553 14719 + 5111 58.39 + 26.16 and the thoracic manipulation group
Cervical 58.45 = 20.69 251.35 + 91.36 85.68 + 52.87 (mean difference, -3.87; 95% confidence
Cortisol <001 0.32 interval [CI]: -6.00, -0.74; P = .012)
Control 990 348 960 =310 0 =313 and between the control and the cervical
Thoracic 980 = 3.08 1010 = 3.67 6.70 + 2.50 manipu]ation groups (mean difference,
Cervical 1051 + 3.37 14.20 + 3.58 8.50 + 3.89 ~4.86; 95% CI: ~7.99, ~1.74; P = .001).
*Values are mean = SD unless otherwise indicated.
s
‘g;:jefgi;fzgg'qf neuropeptides in plasma samples (pg/mg of total protein). Orexin A Concentration in Blood samples
SConcentration of cortisol in serum samples (pg/mg of total protein). A 3-by-3, mixed-model ANOVA did not

show a significant interaction of group by
time for orexin A concentration in blood

WITHIN-GROUP COMPARISON samples (P = .210) (TABLE 2). The effect
TABLE 3 OF PRETREATMENT VALUES AND VALUES size, measured by eta-square, was 10%.
IMMEDIATELY AFTER INTERVENTION At the descriptive level, an important
decrease in orexin A concentration was
Mean Difference* P Value detected after the intervention in the tho-
Neurotensin' racic SM group in comparison with the
Control -0522 (-2790, 1745) 1.000 control group (mean difference, 47.16;
Thoracic -4,188 (-6.456, -1921) <001 95% CI: -4.78, 99.10; P = .085), although
Cervical 3752 (-6.019, -1.485) 001 this decrease did not reach statistical sig-
Orexin Af nificance (FIGURE 4B).
Control 3936 (-42.821, 50.692) 1000
Thoracic 46621 (-0136, 93.377) 051 Oxytocin Concentration
Cevical 18,552 (-28.205, 65.308) 961 in Blood Samples
Oxytocinf The group-by-time interaction was sig-
Control 1642 (-43.042, 46.326) 1000 nificant for oxytocin plasma concentra-
Thoracic -94.063 (-138.747,-49.379) <001 tion (P<.001). The effect size, measured
Cervical -192.899 (-237583, -148.215) <001 by eta-square, was 62% (TABLE 2). An
Cortisolt increase in oxytocin concentration was
Control 0.300 (-1.659, 2.259) 1.000 detected just after the intervention in
Thoracic -0.300 (-2.259, 1659) 1000 both the cervical SM group (mean dif-
Cervical -3.690 (-5.649, -1731) <001 ference, -200.58; 95% CI: -271.03,
*Pretreatment minus immediately posttreatment values. Values in parentheses are 95% confidence -130.12; P<.001) and the thoracic SM
interval. group (mean difference, -96.42; 95%

*Mean difference of neuropeptide concentration in plasma samples (pg/mg of total protein).

“Mean difference of cortisol in serum samples (pg/mg of total protein). CL: -166.87, -25.96; P = .005) when

compared with the control group. In
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the same way, the cervical SM group
showed increased oxytocin values when
compared with the thoracic SM group
immediately postintervention (mean
difference, -104.16; 95% CI: -174.62,
-33.71; P<.002) (FIGURE 4C).

Likewise, in the within-group analy-
sis, an increase in oxytocin plasma con-
centration levels was detected in both
the cervical manipulation and thoracic
manipulation groups immediately post-
intervention (P<.001) compared to pre-
intervention levels (TABLE 3). At 2 hours
after the intervention, an increase was
found only in the cervical SM group
(P<.05) when compared with preinter-
vention levels (TABLE 4).

Cortisol Concentration in Blood Samples
Using a mixed-model ANOVA, the
group-by-time interaction for cortisol
as a dependent variable was significant
(P<.001). Eta-square analysis yielded a
32% effect size (TABLE 2).

Blood samples extracted from the
cervical SM group showed a significant
increase in cortisol plasma concentration
immediately postintervention compared
with baseline values (P<.001) (TABLE 3).
On the other hand, a significant decrease
was detected at 2 hours postintervention
in the thoracic SM group when compared
with the preintervention values (P<.05)
(TABLE 4).

A significant increase in the between-
group analysis was found immediately
posttreatment in the cervical manipula-
tion group compared with the control
group (mean difference, 4.60; 95% CI:
0.65, 8.55; P =.018) and the thoracic ma-
nipulation group (mean difference, 4.10;
95% CI: 0.15, 8.05; P<.040) (FIGURE 4D).

DISCUSSION

EVERAL STUDIES CURRENTLY SUP-
port the idea that the analgesic effect
of manual therapy is mediated by
central mechanisms of pain modulation
through the modulation of neuropeptide
production.®>?%%° To our knowledge, this
is the first work to analyze neurotensin,
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oxytocin, orexin A, and cortisol levels af-
ter a cervical or a thoracic manipulation
in asymptomatic subjects.

Neurotensin is a 13-amino acid pro-
duced in several regions of the central
nervous system, such as the substan-
tia nigra, amygdala, hypothalamus,
prefrontal cortex, periaqueductal gray
matter, and the spinal cord,® and it has
several actions, including analgesia.!**
Our data indicate an increase in neu-
rotensin plasmatic concentration after
an SM, suggesting that the mechanical
stimulus provided by SM is enough to
modulate the liberation of this neuro-
peptide. In this sense, neurotensin has
long been known to include analgesia
among its actions.?!%?* The analgesic ac-
tions of neurotensin are readily distinct
from those of the opioids, based on their
insensitivity to the highly opioid-selective
antagonist naloxone, thus ruling out an
opioid mechanism.*® Neurotensin acts as

part of the peripheral and central mecha-
nisms of pain modulation,* because the
antinociceptive effect of neurotensin has
been reported after the injection of the
peptide in many brain areas.®? There
are anatomical data suggesting an in-
teraction between neurotensin and se-
rotonergic neurons. As a matter of fact,
neurons of the rostral part of the raphe
synthesize neurotensin, whereas neuro-
tensin receptors are widely expressed in
most of the raphe.’®*%7 The functional
role of neurotensin in the raphe remains
to be determined, but it may participate
in the modulation of some of the known
functions of the serotonergic system, in-
cluding nociception'® and stress-related
responses.” It may also play a role in
mediating stress-induced analgesia, as
neurotensin knockout mice and rats
pretreated with neurotensin antagonists
show no increase in pain tolerance after
stress.’* Recent studies with neurotensin
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antagonists and knockout mice lacking
neurotensin or neurotensin receptors
have revealed that the neurotensiner-
gic system plays a pivotal role in the
nonopioid form of stress-induced anal-
gesia.>**>% In summary, the antinocicep-
tive effect of neurotensin after SM may
increase the mechanical stress threshold
that cervical tissues can tolerate.

It is well established that neurotensin
affects the activity of oxytocin-positive
cells in the supraoptic nucleus.* Oxyto-
cin is a nonapeptide that plays a major
neuroendocrine role, modulating several
physiological functions in mammals, like
somatosensory transmission, nocicep-
tion, and pain.25*65 Oxytocin is synthe-
sized and secreted by a subpopulation
of the paraventricular and supraoptic
nuclei of the hypothalamus.®* In fact,
several studies now support the idea that
oxytocin exerts a potent antinocicep-
tive control after its release in the spinal
cord from hypothalamo-hypophysal de-
scending projections.'”*7 Breton et al'
have shown that this antinociceptive ac-
tion is mediated, in part, by an increase
in synaptic inhibition within the most
superficial layers of the spinal cord. In
addition, Robinson et al** showed that
oxytocin inhibits sensory glutamatergic
transmission between afferent fibers and
dorsal horn neurons. Along the same
lines, Petersson et al*® hypothesized that
an increase of oxytocin might possibly
result in a greater synthesis of endog-
enous opioids, because the antinocicep-
tion observed after repeated injections of
oxytocin was temporarily reversed by the
opioid antagonist naloxone.

In studies involving human subjects,
pain relief was reported in central neuro-
genic pain and in low back pain™ after the
intracerebroventricular and intrathecal
administration of oxytocin. No previous
study has evaluated whether SM has an ef-
fect on oxytocin plasmatic concentration.
Our results suggest that the increase of the
plasmatic concentration of oxytocin fol-
lowing an SM could be partly responsible
for the analgesic effect linked to manual
therapy techniques due to the activation

RESEARCH
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WITHIN-GROUP COMPARISON BETWEEN
TABLE 4 PRETREATMENT VALUES AND VALUES
2 HOURS AFTER INTERVENTION
Mean Difference* P Value

Neurotensinf

Control 0.018 (-2.260, 2.296) 1000

Thoracic -1014 (-3.292,1.264) 798

Cervical -1431(-3.709, 0.847) .362
Orexin At

Control 8.117 (-38.213, 54.447) 1.000

Thoracic 53729 (7.399, 100.060) 019

Cervical 44,683 (-1.647,91.014) 062
Oxytocint

Control 6.357 (-16.001, 28.714) 1000

Thoracic -5.270 (27627, 17.087) 1000

Cervical -27.236 (-49.594, -4.879) 013
Cortisolt

Control 0.200 (-2.156, 2.556) 1000

Thoracic 3.100 (0.744, 5.456) 007

Cervical 2.010 (-0.346, 4.366) 115
*Values in parentheses are 95% confidence interval.
"Mean difference of neuropeptide concentration in plasma samples (pg/mg of total protein).
“Mean difference of cortisol in serum samples (pg/mg of total protein).

of descending pain-inhibitory pathways.

Orexins are known to be a hypotha-
lamic peptide critical for feeding and
normal wakefulness. Orexin A and B are
distributed throughout the spinal cord,
and orexin fibers are concentrated in
lamina I of the dorsal horn and in lamina
X surrounding the central canal.” Orex-
inergic projections were identified in
periaqueductal gray matter, the rostral
ventral medulla, the dorsal horn, and
the dorsal root ganglion.?"*>67 Emerging
evidence shows that the central nervous
system administration (intracranial ven-
tricle or intrathecal injection) of orexin
A can suppress mechanical allodynia and
thermal hypersensitivity in multiple pain
models, suggesting the regulation of no-
ciceptive processing via spinal and supra-
spinal mechanisms.®™

In addition, orexins showed antino-
ciceptive effects on models of pain, such
as neuropathic pain, carrageenan test,
and postoperative pain.*”*® There is a
lack of literature that analyzes the effect
of physical therapy techniques on orexin

A expression. A recent study using a rat
model reported a significant increase of
orexin A following electroacupuncture
therapy after a laparotomy.?” In contrast,
our results did not show a statistically
significant change in orexin A levels after
a thoracic or cervical SM.

One of the actions of orexin A in
stress situations is the activation of glu-
cocorticoid production from adreno-
cortical cells."* Cortisol is therefore one
of the biochemical factors delivered in
stress situations® that acts to decrease
local edema and pain by blocking early
stages of inflammation. In addition, it
is also believed that high cortisol levels
promote wound healing by stimulating
gluconeogenesis.*® The response to stress
is triggered by the stimulation of the hy-
pothalamus-pituitary-adrenal axis. It has
been proven that a subject’s level of stress
can be correlated with secreted cortisol
levels.* Our results suggest that no plas-
matic concentration changes of cortisol
follow a thoracic SM, which agrees with
the results of a recent review using mas-
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sage therapy.* Those authors* reported
that no change in salivary cortisol fol-
lowed massage therapy in symptomatic
and asymptomatic subjects. A study by
Whelan et al® examined the effect of SM
on salivary cortisol levels and found no
effect in asymptomatic subjects. Never-
theless, we found a significant increase
of cortisol plasmatic concentration fol-
lowing cervical manipulation, which
does not agree with previous results.>5
A possible explanation for this could be
the use of venipuncture to obtain blood
samples. Venipuncture is thought to be a
stress factor that may increase circulating
cortisol levels.?® The use of blood testing
for cortisol analysis should be questioned
due to the possible increase in cortisol
levels due to the invasive nature of the
vein puncture required for blood sam-
pling, and to the anticipatory stress ex-
perienced by the knowledge of the subject
of the impending needle.®® Even so, all 3
groups were exposed to the vein punc-
ture, and changes were only observed in
response to cervical SM. In our opinion,
the use of a control group provides a cer-
tain degree of confidence that the results
of cortisol plasmatic concentration are
related to the technique.

CONCLUSION

AKEN TOGETHER, THE RESULTS OF

this study show that cervical and

thoracic manipulation resulted in
an increase in neurotensin, oxytocin,
and plasmatic cortisol concentration in
asymptomatic individuals. These neuro-
peptides are related to the modulation of
nociception and stress-induced analge-
sia. These findings suggest that descend-
ing inhibitory pathway mechanisms may
be involved in the physiological effects
that follow SM. In addition, the effect size
for the cervical manipulation group was
larger than that for the thoracic manipu-
lation group. This suggests an increase in
the activation of the possible descending
inhibitory pathway mechanisms after
cervical manipulation compared to tho-
racic manipulation. Further studies with

larger sample sizes of both asymptomatic
and symptomatic neck-pain populations
are required to determine the effect of
SM on antinociceptive neuropeptide lev-
els more accurately. ®

ERKEY POINTS

FINDINGS: Mechanical stimuli derived
from SM can modify neuropeptide ex-
pression in asymptomatic subjects.
IMPLICATIONS: The findings of this study
suggest that some of the beneficial ef-
fects of SM may relate to neurochemical
changes.

CAUTION: The small sample size of the
population of asymptomatic subjects is
the main limitation of this study. The
biochemical response after SM in symp-
tomatic subjects may not be extrapolat-
ed from the results of the present study.
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