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Thoracic spine manipulation has been shown to be effective for the management of neck pain. The purpose
of this study was to investigate the immediate effect of a T3-T4 spinal thrust manipulation on autonomic
nervous system activity in subjects with chronic cervical pain. An additional aim was to determine if the
manipulation resulted in an immediate pain relief in patients with chronic neck pain when compared to a
placebo intervention. One hundred subjects with chronic neck pain were randomly assigned to receive
either a thoracic thrust manipulation or a placebo intervention. The Friedman’s test was used to evaluate the
change in pupil diameter within both groups. The Wilcoxen signed-ranks test was used to explore pupil
changes over time and to make paired comparisons of the pupil change between the groups. The Mann-
Whitney U test was used to compare the change in pain perception for the chronic cervical pain group
subjects receiving either the thrust manipulation or the placebo intervention. The results demonstrated that
manipulation did not result in a change in sympathetic activity. Additionally, there was no significant
difference in the subject’s pain perception (P=0.961) when comparing the effects of the thrust manipulation
to the placebo intervention within this group of subjects with chronic neck pain. The clinical impression of
this study is that manipulation of the thoracic spine may not be effective in immediately reducing pain in

patients with chronic neck pain.
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Introduction
The occurrence of chronic spinal pain has been
reported to be as high as 54-80%," resulting in
substantial disability and economic burden. Health
care costs related to neck disorders includes visits to
health care providers, the inability to work, and loss
of work-related productivity.>> Approximately 10%
of the adult population will experience neck pain at
any one time and up to 60% of patients continue to
report chronic pain 5 years after the initial onset of
symptoms.'®® The development of chronic pain has
been associated with a state of increased excitability
of spinal inter-neurons.”'®'* This phenomenon is
known as central sensitization. The increased spinal
neuron activity can lead to the development of
hyperalgesia and allodynia’ in the peripheral tissues
and can cause increased muscle tone or the subjective
sensation of pain.'*!3

Physical therapists frequently use manipulation as an
intervention in the management of patients with neck
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pain as it has been shown to be effective.
Although the exact physiological mechanisms underlying
spinal manipulative techniques is still unknown, a few
hypotheses have been proposed offering mechanical,
neurophysiological, and psychological rationales.''**
Mechanical force used during manipulation has a direct
effect on the central nervous system, creating positive
neurophysiological responses resulting in a reduced
overall central sensitization.'""'*!° The effects of manip-
ulation is beyond biomechanical changes only;'> how-
ever, In the current literature, there is no clear
explanation for some of the effects of manipulation.'!
Within the nervous system, both the somatic and
autonomic nervous system functions as one unit, with
interaction between both systems, and their function-
ing can be influenced by each other.'*?>*® Somatic-
nociceptive and autonomic regulatory regions in the
central nervous system often respond to the same
type of somatic or visceral afferent input. They
receive convergent nociceptive and viscerosensory
information. The central system contains regions that
initiate autonomic, anti-nociceptive, and behavioral
responses to the somatic and visceral afferent input.>’
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Several areas of interaction between the somatic and
autonomic nervous system have been identified in the
periphery, dorsal horn of the spinal cord, brainstem,
and forebrain.”®?° Bialosky et al.!' have presented a
model which identifies several pathways within the
peripheral and central nervous system that could
explain the effects of manipulation. Within this
model, it was suggested that the effects of manipula-
tion either could influence or be influenced by the
autonomic nervous system. During a state of central
sensitization, there is a corresponding over-activity in
the lateral gray matter and an expected increase in
sympathetic activity will be present.** 3>

Recently, studies have demonstrated that manip-
ulation targeting the thoracic spine results in positive
benefits for patients with acute/subacute mechanical
neck pain resulting in increased cervical range of
motion, reduction in pain, and a decreased level of
self-reported disability.?!***3¢ Manipulation tech-
niques used in the clinical prediction rules are less
segmental and tissue specific,’”*® and clinical
research has shown that they result in measurable
objective improvements.** % To date, little is known
about the direct effect of thoracic manipulation in the
chronic neck pain population. However, findings in
the acute and subacute populations support the
notion that manipulation, in general, achieves neu-
rophysiological changes in both the peripheral and
central nervous system. The primary mechanism
responsible for maintaining normal quality of tissues
is the autonomic nervous system.*'** Therefore, it
seems a plausible hypothesis that both the more
classical tissue-specific mechanical approaches and
the more indirect approaches can affect the auto-
nomic nervous system functioning and, therefore,
reduce the state of central sensitization and achieve
positive outcomes.

A close relationship exists between pain and the
autonomic nervous system; therefore, its parameters
are often regarded as objective measures of pain in
humans.** There have been several methods used to
assess the activity of the autonomic nervous system
and its components. Traditionally, the autonomic
symptoms consisting of vasomotor, sudomotor dis-
turbances, and trophic changes have been observed
and measured in the periphery.*>*® The pupil is an
example of an organ that receives innervation from
the autonomic nervous system exclusively. Both the
sympathetic and parasympathetic components influ-
ence the pupil.**** The innervation of the con-
strictor pupillae muscle is parasympathetic®® and
the dilator pupillae muscle is sympathetically
innervated.*’ Based on a negative feedback mechan-
ism within the autonomic nervous system, the pupil
diameter is based on the functional balance between
the sympathetic and parasympathetic nervous
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system.***7! Pfeifer er al.>* demonstrated that pupil
size increased by stimulation of the sympathetic
nervous system and decreased during stimulation of
the parasympathetic system. Additionally, it has been
demonstrated that sympathetic activation through
the upper thoracic spine causes pupil dilation.'
Owing to the pupils exclusive autonomic innervation,
more recently an interest has emerged to measure the
pupil diameter to obtain a direct impression of
autonomic function.>*>° A dilation of the pupil is a
result of simultaneous increasing activity of the
sympathetic system and decreasing parasympathetic
activity. #4749

There is a lack in the literature accounting for some
of the neurophysiological effects that seem to take
place following manipulation techniques.!' Vicenzino
et al demonstrated that a manipulation of the
cervical spine resulted in an increase in pain threshold
in the forearm and a sympathoexcitatory effect.”’
Bialosky et al. have demonstrated hypoalgesic effects
following manipulation in segmental related
areas.”®> These studies seem to provide evidence
that neurophysiological changes occur following
manipulation. To further validate the use of manip-
ulation techniques in clinical practice, continued
investigation into the neurophysiological effects is
necessary. Based on the relationship between the
autonomic nervous system, in the upper thoracic
spine, and the cervical spine, it seems a plausible
hypothesis that thoracic manipulation may directly
affect the autonomic nervous system functioning.
Hence, the purpose of this study was to investigate
the effect of a manipulation directed at the upper
thoracic spine on the autonomic nervous system
function in patients with chronic neck pain and
compare this to non-specific placebo effects in a
control group. Furthermore, studies investigating the
effects of thoracic spine manipulation on patients
with neck pain to date have primarily used a sample
of patients with acute/subacute symptoms.?>*
Therefore, a secondary aim of this study was to
investigate if there was an immediate reduction in
pain following thoracic manipulation in subjects with
chronic neck pain.

Material and Methods
Subjects

Consecutive patients between May and August of
2008 with chronic cervical pain were recruited from
five outpatient physical therapy clinics in Indiana.
For the purpose of this study, cervical pain was
operationally defined as the presence of non-specific
pain in the cervical and cervicothoracic region
down to T4, which was provoked with neck
movements.”">* Chronicity was operationally defined
as the presence of pain that had not subjectively
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changed in intensity and had been present for at least
3 months.®!

All available patients were screened for eligibility
criteria. To participate, patients had to be between
the ages of 18 and 65 years and able to fluently speak
and read the English language. Patients were
instructed not to take any medication that could
alter the functioning of the autonomic nervous
system for at least 24 hours before participating in
the study. If physician approval could not be
obtained, the patients were not eligible to participate
in the study. All patients were instructed not to
consume caffeinated drinks, smoke, or eat anything
for at least 12 hours before the study. Patients were
also excluded from this study if they were previously
diagnosed with autonomic diseases such as the
Horner’s syndrome; had a history of current neuro-
logical, ocular, and/or retinal disease; used two or
more alcoholic beverages daily; or were trained for
endurance sports. This study received IRB and HPD
approval from NOVA Southeastern University. All
patients provided written consent before participat-
ing in the study.

Self-reported measures

The visual analog scale (VAS) was used to assess pain
before treatment intervention and immediately after
all pupil measurements were taken. The VAS consists
of a 100 mm line with an anchor at each end. The left
anchor indicated ‘no pain’ and the right anchor
indicated ‘the worst pain imaginable’.**% The
validity and reliability of the VAS have been
previously reported for patients with acute and
chronic pain.6%:64-68

Automated measures

To obtain a measure of autonomic nervous system
activity, the pupil diameter can be measured
directly.*-325436:69.70 'Eyly automated pupillometry
devices have been used previously in a number of
studies investigating autonomic nervous system
activity.>*>*71"7 The human eye has difficulties
detecting differences of the pupil that are smaller
than 1.0 mm.”*”” The automated pupillometric
measurement will be able to detect differences smaller
than 0.2 mm and will, therefore, be much closer to
the ‘true’” measure than any direct manual measure
can ever be.”® A fully automated pupillometry device
was used during this study, thereby eliminating
researcher bias during the measurement phase and
minimizing rater reliability issues.

The measurement error has been shown to be
minimal and pupil changes smaller than 0.2 mm will
be detected.”*’%777° It has been previously demon-
strated that the intra-rater repeatability of automatic
pupillometric devices is good, with coefficient of
repeatability ranging from 0.6 to 1.4 mm.”"”* The
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Figure 1 Goggles, with the infrared camera attached to the
right eye, manufactured by Micromedical Technologies.

diameter of the pupil can be considered as a direct
reflection of the ‘live’ balance between the parasym-
pathetic and the sympathetic nervous systems.
Several studies have evaluated the correlation
between autonomic function tests and pupillometry
and have shown that there is a significant
correlation.®™®"  Other studies have shown that
pupillometry is sensitive enough to identify auto-
nomic differences.>* %8283

The pupil responses during this study were
measured with the fully automated Vorteq® system.
The Vorteq system for recording of the pupil reaction
was developed by Micromedical Technologies, Inc. It
includes goggles, which the subject wears during the
measurement, creating a completely dark environ-
ment for both eyes. An infrared camera is attached to
the goggles, allowing measurement of the pupil
diameter of the right eye (Fig. 1).

Study protocol

To consistently identify the localization of the T3-T4
level for this study, each patient was tested by the
same researcher. In all patients, C7 was identified as
that vertebrae that has the largest spinous process,
and C6 was identified as that spinous process that
would relatively disappear upon extension motion of
the cervical spine.®**> Passive neck flexion was used
to identify inter-segmental motion to determine the
T3-T4 level.'® A clear mark was placed on the skin
identifying the T3-T4 inter-spinous space and the T4
transverse process allowing for easy identification
during the intervention.

During the measurement phase, all patients were
placed in the supine position with the knees slightly
flexed over a bolster, and the head, with the goggles
in place, was placed on a pillow in a neutral position
of the cervical spine. This standardized position was
assumed by all patients. During the manipulation or
placebo maneuver, the patients had the arms crossed
over the chest (Fig. 2). All patients were in complete
darkness during the pupillometric measurements. The
darkness achieved by the goggles allowed for a
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Figure 2 Standardized position during the manipulation
maneuver.

constant maximum pupil diameter during the pupil
measurement without the influences of light.

After 3 minutes of accommodation to the dark
environment, the pupil of the right eye was measured
continuously for a 60-second duration. During this 3-
minute period, patients were randomly assigned to
receive thrust manipulation or a placebo directed at
T3-T4. Concealed allocation was performed by using
a computer-generated randomized table of numbers
created before the beginning of the study. Individual,
sequentially numbered index cards with the random
assignment were prepared and placed in sealed
opaque envelopes.

Directly following the baseline measurement, the
patient received either the manipulation or the
placebo intervention. The physical therapeutic
manipulation consisted of a high velocity, mid-range,
and posterior-to-anterior force to the upper thoracic
spine targeting the T3-T4 segment in the supine
position. Before the manipulation application, the
right thenar eminence of the researcher was placed on
the marked transverse process of T4. In order to
create capsular tension at the T3-T4 segment before
the manipulation, added components of segmental
flexion, rotation, side bending, and some slight
compression of the patient’s chest were introduced
using the research’s own chest and left arm. The right
hand simultaneously performed a pronation of the
right forearm and a slight distraction toward the
pelvis, thereby further tightening the capsule. When
the tissue barrier was felt, the manipulation maneuver
was achieved by pushing the patient’s elbows toward
the shoulders (Fig. 2). This manipulation technique
was previously described by Hartman.®

The placebo treatment consisted of an open-hand
placement in such a way that it should not have
resulted in a manipulation at the T3-T4 level on the
right side similar to the previously used sham
technique described by Cleland.?” The researcher’s
right hand was placed with a flat hand contact under
the T4 segment. The patient crossed the arms over the
chest, and in this position with minimal mobilization
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and without manipulation effect, the patient was
asked to take a deep inhalation followed by an
exhalation at which time a light 3-second compres-
sion of the arms into the chest was achieved. All
manipulation and placebo treatments were provided
by the same experienced physical therapist who has
more than 14 years of experience in manual therapy.

Directly following the intervention, a continuous
measurement of the right pupil was taken for
60 seconds. Four minutes after the intervention
modality, there was a final 60-second measure of
the right eye, after which the pupil measurement was
concluded.

Statistical analysis

Data analyses were performed using the statistical
software package SPSS (version 14.0; SPSS Inc.,
Chicago, IL, USA). The assumptions for the use of
parametric statistics was not satisfied, based on
analysis of skewness and kurtosis for both groups
in regard to the gender distribution, the pre-
intervention pupil diameter, and the post-intervention
pupil diameters; therefore, nonparametric analysis
was necessary. The chi-square test for categorical data
was used to analyze the gender distribution amongst
both groups. For each group, the Friedman’s test was
used to evaluate the change in pupil diameter from the
pre-intervention to the post-intervention measures
and the Cohen’s d was used to determine the effect
size. The Wilcoxen signed-ranks test was used to
explore how the pupil changed over time in the
placebo group and to make paired comparisons of the
pupil change between the groups. And finally, the
Mann-Whitney U test was used to compare the
change in pain perception for the chronic cervical pain
group patients receiving either the thrust manipula-
tion or the placebo intervention.

Results
Baseline characteristics for both groups

A total of 135 consecutive patients with chronic neck
pain were assessed for eligibility. Twenty-six patients
refused to participate and eight did not have
physician approval. The remaining 101 patients were
enrolled in the study. One patient was removed
during the measurement phase because the patient
was unable to keep their eye in a position that the
infrared camera could measure the pupil. Hence, 100
patients completed the testing protocol (Fig. 3).
Baseline demographics for both groups can be found
in Table 1. No significant differences in the gender
distribution (chi-square(2)=0.66; P=0.72) and pre-
intervention VAS (P=0.17) existed between the
groups.®®

Change in pupil diameter
The Friedman’s test was used to evaluate the change in
pupil diameter from pre-intervention measure to
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Total assessed for eligibility
n=138

Refused to participate
n=26

No physician consent
n=8

Study subjects
n=101

I

Allocated to cervical pain group
n=101

Randomized
n=101

Chronic placebo group

[Chronic cervical manipulation group]
n=51

n=50

-inability to obtain pupil measure

Discontinued intervention
n=1

Analyzed
n=100

Figure 3 Consort flow diagram.

post-intervention measure 1 (post 1) and post-inter-
vention measure 2 (post 2), separately for each
treatment group. Table 2 demonstrates the mean pupil
diameter between the three time points for either
group. When comparing the pupil diameter at the
three measurement points for the manipulation group,
there was a slight increase in pupil diameter (Fig. 4).
However, the Friedman’s test showed that there was
no statistical significant change in the mean pupil
diameter (P=1.0). Additionally, the Cohen’s d effect
size was 0.01 indicating no trivial effect from the
manipulation on the pupil diameter. There was a
statistical significant difference in the mean pupil
diameter among the three time points within the
placebo group (P<<0.001). This indicates that the pupil
diameter decreased over time for the placebo group.
To further explore how the mean pupil diameter
changed over time within the placebo group, the

Sillevis et al.

non-parametric Wilcoxon signed-ranks test was used
to compare pre-intervention measure versus post 1,
pre-intervention measure versus post 2, and post 1
versus post 2.3 There was a statistical significant
difference between pre-intervention measure and post
1 (P=0.002), and between pre-intervention measure
and post 2, (P<<0.001), but there was not a statistical
significant difference between post 1 and post 2
(P=0.076). Therefore, it was concluded that the pupil
in the placebo group was significantly more dilated
before intervention compared to both post interven-
tion measures.

Effect of manipulation on pain

To determine the effect of the thrust manipulation on
the pain perception of the subjects with chronic
cervical pain, the VAS change score was compared
for the subjects that underwent the manipulation and
the subjects that underwent the placebo intervention
(Table 3). The assumptions to use parametric statis-
tics were not satisfied for the pupil diameter; there-
fore, the Mann—Whitney U test was used to compare
the VAS change score for both groups.®® The within-
group comparison demonstrated a significant reduc-
tion of pain for both groups. However, there was no a
statistical significant difference in VAS change score
between both groups following the intervention
(P=0.961). Therefore, it was concluded that the
thrust manipulation did not result in immediate pain
reduction in the patients with chronic neck pain.

Discussion

The sympathetic and parasympathetic nervous sys-
tems are functionally opposite of each other and a
balance between them is necessary to have a state of
homeostasis in the tissues.'**”***! In order to obtain
an impression about the autonomic system, the pupil
diameter and its response to stimuli can be mea-
sured. 3234366970 A method of automated pupillo-
metry was used in this study to capture pupil
responsiveness. Pupillometry has been previously
used to measure the pupil and has been shown to
be an easy, valid, and reliable method of assessing the
nervous system without the presence of much
examiner bias.>? 3717274777992 1t has been shown
that the pupil dilates as a result of noxious stimula-
tion and that the pathway through which the
sympathetic systems creates dilation passes through

Table 1 Baseline demographic
Gender Mean Mean

Mean VAS duration Pre-test pupil

age pre-test of symptoms diameter measured
Group Female Male (years) (mm) (month) in computer pixels
Manipulation 40 10 42.7 38 23.3 152.49
Placebo 37 13 46.84 33 25.3 142.79
P value 0.72 0.18 0.17 1.0 0.63
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the midbrain and the hypothalamus, which indicates
a central supraspinal mechanism affecting the pupil
diameter.”®> However, the diameter itself is by no
means only pain specific.’*>° It does appear that the
pupil diameter is an indication for general arousal,
stress, anxiety, and noxious stimulation.”*%>

The normal pupil size ranges between 10 and
85 mm.”"?% %% There have been reports that the pupil
diameter decreases with age.”*’®%7 Each pupil has a
slightly different curvature; therefore, the distance
between the infrared camera and the eye is not the
same for each subject. Twa et al.”’” have reported a
similar concern during their assessment of pupil
diameter using a digital camera. Both the age
difference between both groups and the camera—
pupil distance might account for the pre-intervention
pupil diameter difference between both groups.
During the statistical analysis, change scores between
pre-intervention, post 1, and post 2 were used. Hence,
this difference between pre-intervention pupil dia-
meter should not have affected the outcomes of this
study. The pupil diameter is not static, it is the
reflection of the direct ‘live’ balance between the two
components of the autonomic nervous system.*”%
Therefore, pupil diameter measurement will show
continued fluctuation in size. This pupillary fluctua-
tion, or hippus, is synchronous in both eyes and has
been reported previously.”!’>°7:1% Considering this
normal fluctuation in pupil diameter, it is necessary
to capture the pupil for a longer period of time so the
risk of capturing the pupil at a moment of relative
constriction is minimized. In this study, the duration
of the pupil measurement was 1 minute, after which
the mean pupil diameter was determined. Using this
methodology should have minimized the direct effect
of pupillary hippus and minimize this threat to the
internal validity of this study.

Pfeifer er al>> demonstrated that there is no
statistical significant difference between the pupil
diameter of the right versus the left eye in both the
dark and the light environments. For this reason,
only one pupil was assessed for change during the
measurement phase of this study. There is agreement
that the pupil diameter in the dark is a direct
representation of the balance between the parasym-
pathetic and sympathetic nervous system. In the
dark, the activity of the parasympathetic nervous
system is greatly reduced; therefore, the pupil

155.0000- group
— treatment
— placebo

150.0000-

145.0000-

140.0000—

135.0000-

time
Figure 4 Mean pupil diameter, measured in pixels, at the
three measurement points for both groups.

diameter is determined by the activity of the
sympathetic nervous system.’>*> When the patient,
while in a complete dark environment, displays an
increase in pupil diameter, this should be indicative of
a relative unopposed hyper-activity of the sympa-
thetic system.*’

The results of the current study investigating the
pupil response after a physical therapeutic thrust
manipulation targeting the T3-T4 segment showed
that the mean pupil diameter in the placebo group
exhibited a significant decrease in diameter
(P=0.022), which would indicate an increase in
parasympathetic activity or a decrease in activity of
the sympathetic system. The mean pupil diameter of
the manipulation group did not show a statistical
significant change, which would indicate that, the
balance between the sympathetic and parasympa-
thetic nervous system remained the same following
the manipulation. The findings of this study were not
consistent with the findings of Gibbons* who
showed that suboccipital thrust manipulation
resulted in a change in pupil response to light,
indicating an increased activity of the sympathetic
nervous system or Driscoll and Hall'®', who demon-
strated that cervical manipulation had a direct effect
on the autonomic nervous system. Therefore, the
original hypothesis that a non-specific manipulation
would directly cause an increased activity of the
sympathetic system could not be confirmed with the
findings of this study and additional research seems
warranted to further explore this hypothesis.

There was no statistical significant difference in
VAS change scores following the intervention

Table 2 Mean pupil diameters, in computer pixels, and standard deviations for both groups before intervention (pre-test),
directly after the intervention (post 1), and 5 minutes following the intervention (post 2)

Group Pre-test Post 1 Post 2 Change pre-posti Change pre-post 2
Manipulation ~ 152.49 (SD=27.54)  154.21 (SD=27.17)  153.71 (SD=27.75) 1.68 1.23
Placebo 142.79 (SD=27.40)  138.51 (SD=23.58)  138.90 (SD=25.42) —4.28 -3.89

Note: Change scores identify the pupil diameter change; a negative change score represents a constriction of the pupil; a positive

change score represents a dilation of the pupil.
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Table 3 Mean VAS values of pre-test and post-test, P values, and VAS change scores for both groups

Mean Mean

pre-test post-test P value within Mean change score
Group VAS (mm) VAS (mm) group difference pre-post VAS (mm)
Manipulation 38 32 0.06 -5.3
Placebo 33 28 0.03 -4.3
P value 0.17 0.076 0.961

Note: a negative value represents a decrease in pain report.

between the placebo and thrust manipulation groups
(P=0.961). This is not consistent with the findings of
Cleland er al.,>* who showed that a subject group of
neck patients responded to a thoracic manipulation
with an immediate overall reduction of their neck
pain. The difference in findings might be based on the
fact the mean duration of neck pain symptoms for the
subjects, in the current study, was 24.3 months
compared to the 12-13 weeks of duration of symp-
toms in the Cleland study.”® Additionally, the
subjects in the Cleland study?® underwent an average
of three manipulations compared to only one in this
study and the manipulations in the Cleland study®’
were directed at restricted segments, which was not
the case in this study. The findings of this study could
be an indication that thrust manipulation in the
upper thoracic spine is less effective in reducing pain
in the more chronic patient group versus the more
acute patient group.

Pain is the result of the activity of the dorsal horn
inter-neurons, #1271 which will determine the
accumulative affect of the efferent input. This inter-
neuron activity is not yet fully understood;'?
however, there are many neuro-chemicals, such as
endorphins, Substance P, serotonin, and GABA,
which could affect the activity of these inter-
neurons.*’*%1% The descending pathways from the
cranial structures can result in an inhibiting or
facilitating effect on the segmental inter-
neurons.’” 102107114 1t has been shown that spinal
manipulative techniques affect inter-neural activity at
the spinal segments influencing the descending central
pathways,''>!1° and also have an effect at the cortical
level.!'” In a state of central sensitization, or chronic
pain, it appears that there is a change in processing of
nociceptive information in time.® There will be a
lowering of threshold for excitation of neurons in the
spinal cord, which will result in an increased central
discharge on relatively normal effective inputs and
inputs that previously did not exceed the neuron
threshold.'” This lowering of the threshold of the
spinal inter-neurons might be the result of the fact
that the descending inhibiting pathways from the
cranial structures has reached the exhaustion state,''®
which could explain why the patient population of
this study did not respond to a thoracic manipulation
with an immediate overall reduction of pain. How the
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descending pathways and inter-neuron activity are
regulated is still not understood and should be the
focus of future multidisciplinary research.

There were a few limitations to this study. First,
this study evaluated only the immediate response of a
single manipulation on the autonomic nervous
system; therefore, no conclusions can be drawn
regarding the long-term effects. This is similar to
previous studies evaluating the direct effect of
manipulation on the central nervous system.’>>
The main rationale for this was the inability to re-
create the same basic level of autonomic function
within the subjects to obtain valid repeated measures.
Follow-up studies should evaluate the long-term
effect of repeated manipulation on the autonomic
nervous system and how this system might change
when patient’s overall complaints reduce. In addition,
only one physical therapist performed the manipula-
tion technique, which may limit generalizability of the
results.

Conclusion

This study measured the immediate short-term effect
on the autonomic nervous system of a physical
therapeutic thrust manipulation targeting the T3-T4
segment. The results of this study demonstrated no
significant change in pupil diameter following manip-
ulation, which would indicate that the balance
between the sympathetic and parasympathetic ner-
vous system activity remained the same. There was a
significant reduction in sympathetic nervous system
activity in the placebo group. This study did not show
a statistical difference in the subject’s pain perception
when comparing the effects of either the manipula-
tion or a placebo intervention. This suggests that
thrust manipulation was not effective in reducing
pain in the chronic neck pain subjects of this study.
Future studies should investigate the effect of
manipulation on inter-neuron activity at different
stages of chronicity. Additionally, research needs to
further evaluate the effect of segmental specific versus
non-specific manipulation on the autonomic nervous
system.
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