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Purpose: The aims of this study were to determine if there were any statistically significant immediate
effects of upper thoracic spinal manipulative therapy (SMT) on cardiovascular physiology in hypertensive
individuals.

Introduction: Preliminary research suggests that SMT to various regions of the spine may be capable of
lowering systolic and diastolic blood pressure in hypertensive individuals. Further studies are warranted to
corroborate or refute these findings as well as measure how other attributes of cardiovascular physiology
are impacted by SMT.

Methods: Fifty hypertensive participants (age=45.5413.9 years, height=1.69+0.10 m, body
mass=93.9+21.5 kg: mean+standard deviation (SD)) were equally randomized into a single-blind,
controlled trial involving two study groups: supine diversified anterior upper thoracic SMT of T1-4, or a ‘no
T-spine contact’ control. Outcome measures were electrocardiogram, bilateral pulse oximetry, and bilateral
blood pressure measurement performed at baseline, post 1-minute intervention, and post 10-minute
intervention. An independent samples t-test was used to compare between-group differences at baseline.
A repeated measures ANOVA was used to compare within-group changes over time.

Results: Within-group changes in PR interval and QRS duration demonstrated that the atria were transiently
less active post-SMT and the ventricles were more active post-SMT, however the changes were clinically
minimal.

Conclusion: The results of this study, and the limited existing normotensive, thoracic-specific SMT research
in this field, suggest that cardiovascular physiology, short-term, is not affected by upper thoracic spine

SMT in hypertensive individuals to a clinically relevant level.
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Introduction
High blood pressure prevalence is on the rise in the
United States.! It has been estimated that 41.9 million
men and 27.8 million women have pre-hypertension,
12.8 million men and 12.2 million women have stage-1
hypertension, and 4.1 million men and 6.9 million
women have stage-2 hypertension.! Globally, cardio-
vascular disease results in 17 million deaths per year,
with 9.4 million of these being due to complications
from hypertension.” Thus far, hypertension has been
found to be responsible for 45% of deaths from heart
disease and 51% of deaths due to stroke.®> Any form of
treatment to lower the prevalence and morbidity
associated with hypertension should be pursued.
Preliminary research suggests that one possible way
to lower blood pressure may be spinal manipulative
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therapy (SMT). Some researchers have shown that
spinal manipulation to various regions of the spine can
lower blood pressure.* '* Unfortunately, some of these
studies have suffered from methodological flaws
described elsewhere.'

Anatomically, the upper thoracic spine is poised to
impact cardiovascular physiology. Sympathetic ner-
vous system preganglionic neurons for the heart
originate from the lateral gray columns of T1-5.!31¢
Sympathetic nerve endings traveling to the heart
ultimately serve to increase the chronotropic and
inotropic events of the heart and cause mild
vasodilation of the coronary arteries.">'® Overall
these actions chiefly increase heart rate, stroke
volume, and cardiac output. Owing, in part, to this
anatomic relationship, some chiropractic researchers
have claimed that thoracic spine manipulation may
impact sympathetic nervous system output.'”?! If
upper thoracic spine SMT could modify sympathetic
nervous system output, then the degree to which it is
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able to do so should be clearly investigated as that
may impact blood pressure.

Studies focusing on thoracic spine manipulation and
cardiovascular response have yielded mixed results.
Welch and Boone'® theorized that manipulating the
thoracic spine would cause a sympathetic response in
patients. However, when they measured normotensive
participants who underwent SMT, they found that there
were minimal blood pressure changes (—1.8 mmHg
systolic blood pressure and + 3.0 mmHg diastolic blood
pressure). Similarly, Ward et al.'* found minimal change
in blood pressure post-manipulation amongst normo-
tensive participants (—3.6 mmHg systolic blood pres-
sure and +0.0 mmHg diastolic blood pressure post 1-
minute SMT right arm). Likewise, Holt ez al.® likewise
found insignificant changes in blood pressure in
response to thoracic spine SMT (—0.3 mmHg systolic
blood pressure and —0.6 mmHg diastolic blood pres-
sure). These findings strongly contrast with those
demonstrated by Yates er al'' In their study on
hypertensive patients, they observed a drop in systolic
blood pressure of 14.7 mmHg and a drop in diastolic
blood pressure post-thoracic spine manipulation of
13.0 mmHg."' Thus, this topic warrants further review.

Case studies have suggested that SMT may lower
medicated hypertensive patients’ blood pressure.'>*
Some researchers have warned practitioners to be
careful when manipulating hypertensive patients
because they believe that SMT applied to patients
on blood pressure medication may cause an unsafe
drop in blood pressure.'® In addition to the dramatic
results observed by Yates et al.,'! Torns’® research on
pre-hypertensive to stage-2 hypertensive patients
demonstrated a drop in blood pressure post-SMT.
After receiving SMT, participants’ systolic blood
pressured dropped 20.2 mmHg and diastolic blood
pressure dropped 6.8 mmHg. As a result, practi-
tioners using manipulative interventions may need to
be careful when applying them to the thoracic spine
of hypertensive patients.

The aim of this study is to help fill an existing gap
in the literature on the immediate impact that upper
thoracic spine SMT has on cardiovascular physiology
amongst hypertensive patients. Additionally, this
study will help determine if there is an unsafe drop

in blood pressure amongst hypertensive patients
receiving thoracic spine SMT. This study’s original
hypothesis was that upper thoracic SMT would
transiently lower blood pressure similar to the results
of Yates et al.'" with hypertensive patients, yet have
minimal impact on other cardiovascular parameters.

Methods

This study was approved by the Texas Chiropractic
College (TCC) Institutional Review Board and was
registered with the University hospital Medical
Information Network Clinical Trials Registry
(UMIN-CTR) 000013322.

Experimental design

This was a single-blind, randomized, and controlled trial
of the immediate effect of supine anterior upper thoracic
SMT on cardiovascular response of hypertensive indivi-
duals. Fifty participants were randomly assigned to one
of two groups: control (age=45.6+13.8 years, height=
1.684+0.10 m, mass=89.6+19.9 kg) or thoracic spine
SMT of T1-4 (age=45.3+14.0 years, height=1.70+
0.10 m, mass=98.2+23.1 kg). Study participants
(Table 1) attended one study session that involved
baseline, post 1-minute intervention, and post 10-minute
intervention assessments of cardiovascular function.
These measurements included ECG recording, bilateral
pulse oximetry analysis, and bilateral electronic auto-
mated blood pressure readings as illustrated in Fig. 1.
This study took place in a research lab with a room
temperature that was regulated as close as possible to
24°C. A 5’ x 3’ towel was placed on the adjusting table to
ensure uniform temperature against the skin between test
sessions. The experiment was performed in a quiet lab
with minimal ambient noise. On arrival to the labora-
tory, study participants would lay supine and engage in a
S5-minute rest period prior to undergoing their initial
cardiovascular measurements.

Randomization and blinding

A computer-generated randomized intervention list
was created before the study began and was used to
assign participants as they enrolled in the study to
avoid selection bias. By necessity, the chiropractor
performing the intervention was aware of the group
to which the study participant belonged. The trained
graduate research assistant taking all cardiovascular

Table 1 Participant baseline attributes
Control Thoracic SMT P-value

Sex (M/F) 14/11 14/11

Age (years) 456+13.8 45.3+14.0 0.943
Mass (kg) 89.6+19.9 98.2423.1 0.166
Height (m) 1.68+0.10 1.70+0.10 0.608
Body mass index (kg/m?) 31.6+7.0 33.8+6.3 0.231
On high blood pressure medication/s (yes/no) 17/8 17/8

Data listed as mean + standard deviation (SD) unless listed as a ratio.
Between-groups baseline data compared with an independent samples t-test.

SMT: spinal manipulative therapy.
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Figure 1 Experimental design.

outcome measurements was blinded as to the study
participant’s group designation. This was performed
by having that assistant leave the lab while the
intervention, or lack thereof, took place.

Participants
Participants were recruited with online advertise-
ments and via word-of-mouth.

No a priori power analysis was performed. Owing
to funding limitations, the study was capped at 25
participants per group. All study participants pro-
vided an informed written consent. They were then
screened against inclusion and exclusion criteria.
During data collection, men were instructed to not
wear a shirt. Females were directed to wear a loose
fitting sports bra. Both male and female participants
were provided with a cotton gown to cover their
chest, at their discretion, for modesty. A trained
female research assistant was used to place ECG
electrodes on all study participants. Data collection
for the participants took place over the course of a 3-
month window. This occurred between the hours of 4
PM-7 PM. The intent of these constraints was to
decrease the likelihood that seasonal or circadian
(e.g., related to cortisol daily cycle) rhythm changes
in heart rate and blood pressure could act as
covariates. Participants were given a study prepara-
tion handout of the exclusion criteria and reminded
to avoid the following during the study: caffeine,
alcohol, tobacco, and exogenous nutritional supple-
ments that contained omega-3 fatty acids, niacin,
magnesium, or potassium. In addition, they were also
instructed verbally and in written form to not receive
any outside source of SMT or wear skin lotions on
their chest during the days that they participated in
the study. To reduce any possible anxiety, study
participants were clearly instructed about the basic
sequence of their portion of the research study.
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Inclusion/exclusion criteria

Inclusion criteria were:

1. no contraindication to thoracic spine SMT
(unstable fractures, severe osteoporosis, multiple
myeloma, osteomyelitis, inflammatory phase anky-
losing spondylitis, spinal cord tumor, Paget’s
disease, and similar conditions);

2. between 18 and 65 years of age;

informed written consent was provided;

4. patients provided proof of high blood pressure
either by showing the researchers their high blood
pressure medications with their names written on
the prescriptions (which included only the follow-
ing: angiotensin converting enzyme inhibitors,
calcium channel blockers, beta blockers, angioten-
sin II receptor blockers, or diuretics) or by
demonstrating an initial screening blood pressure
reading greater than 140/90 mmHg.

Study participants with any of the following were

excluded from the study:

torso surgery in the past year;

torso broken bones in the past year;

tobacco product use;

pregnancy;

rheumatoid arthritis;

Down’s syndrome;

fingernail polish on the index fingers;

daily pain rated >3 on a 0-10 numeric rating scale
(NRYS).

w

NN RPN

Intervention

The intervention phase of the study was performed
by a chiropractor with 20 years of experience and
15 years of SMT technique teaching experience at
Texas Chiropractic College. The intervention con-
sisted of either: ‘no T-spine contact’ control or supine
diversified anterior upper thoracic SMT to the T1-4
region. The treating chiropractor exerted every effort
to ensure similar patient positioning between study
participants in each of the two study groups.
Participants in both groups were supine on the
adjusting table. Participants in the control group
had their arms folded across their chest by the
treating chiropractor for a few seconds. Then the
chiropractor unfolded their arms. Participants in the
thoracic SMT group underwent a supine diversified
anterior upper thoracic SMT described by Bergmann
and Peterson® as an opposite-side thenar/transverse
drop. This form of supine diversified anterior upper
thoracic SMT was chosen because it allowed for the
patient to not have to change from a supine position
for baseline ECG recording to an alternate body
position (e.g., prone) for SMT and then back to a
supine position to reconnect ECG electrodes and
continue with measurements. This additional move-
ment would likely have acted as a covariate due to
participants increasing their heart rate with the added
motion. Initially participants in the SMT group had
their arms folded across their chest. The treating
chiropractor then rolled the participant toward him
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Cardiovascular response to manipulation

Figure 2
thoracic spinal manipulative therapy (SMT).

lllustration of supine diversified anterior upper

and made a ‘cupped’ hand contact at the T2 spinous
level with slight overlap above and below that
vertebra. Following this he asked the participant to
breathe out fully as he/she was rolled back to a supine
position. This researcher then performed a quick
drop of his upper body over the participant’s chest
with a high-velocity low-amplitude SMT (Fig. 2).
During this SMT, the chiropractor attempted to
achieve cavitation of the T1-4 segments of the
thoracic spine. No second attempt was made if an
audible joint cavitation failed to occur. Following
this, the chiropractor uncrossed the study partici-
pant’s arms.

Assessments

Cardiovascular measurements were taken at baseline,
post 1-minute intervention, and post 10-minute later
by one trained female research assistant. Throughout
the baseline, post 1-minute intervention, and post 10-
minute intervention, the study participant stayed in a
supine position on the table. Three measurements
were employed for analysis of cardiovascular
response: ECG measurement, pulse oximetry read-
ings, and automated blood pressure recording.

ECG measurements were performed using the 10-
lead CardioTouch 3000 ECG monitor (Bionet,
Tustin, CA, USA). R41 Skintact (Leonard Lang,
Inverness, FL, USA) disposable manufacturer-sug-
gested surface electrodes were utilized. Surface
electrodes were placed over the anterior thorax,

Journal of Manual and Manipulative Therapy 2015 voL. 23

NO.

wrists, and ankles as per the manufacturer’s instruc-
tion manual. Study participants were asked to relax
just prior to each recording. A 10-second recording
was made and analyzed for each study participant at
each of the three time points. A printout was
produced during each recording. The dependent
variables, heart rate, PR interval, QRS duration,
QT interval, and QTc interval were extracted from
the printouts. Surface electrode stickers were not
removed from the body during the baseline, post 1-
minute intervention, and post 10-minute intervention
data collection steps. The clamps and wires were,
however, removed from the sticker electrodes right
before SMT and were immediately reconnected to
their unmoved surface electrode stickers after SMT.
This was done because performing the manipulation
with the clamps attached may have harmed the
patients.

Pulse oximetry was measured bilaterally using the
Pulse Ox 5500™ Finger unit (SPO Medical, Sylmar,
CA, USA). The index finger of each hand was used
for pulse oximetry recordings. The dependent vari-
able, percent saturation of oxygen on hemoglobin,
was determined.

Blood pressure was measured bilaterally using the
Omron HEM-705 CP automated blood pressure
analyzer (Omron Healthcare Inc., Lake Forest, IL,
USA). An automated device was used to reduce
possible examiner bias. This monitor was specifically
purchased for the study because it had been tested in
large epidemiological studies and was shown to be
accurate.”* The dependent variables, systolic and
diastolic blood pressure, were also recorded. Pulse
oximetry and blood pressure were analyzed bilater-
ally with the intent to determine if any unique
unilateral changes occurred in response to upper
thoracic spine SMT. All cardiovascular data were
transcribed by hand by the blinded research assistants
to a form created for this study. Then data were
transferred into an Excel spreadsheet (Microsoft
Office 2010, Redmond, WA, USA). Following this,
pulse pressure, mean arterial pressure, and rate
pressure product were determined mathematically in
Excel using the previously described dependent
variables taken exclusively from the right upper
extremity.

Statjstical analysis

Data were analyzed in SPSS version 20 (IBM,
Armonk, NY, USA). Results were reported as
mean+standard deviation (SD) unless otherwise
specified. An independent samples #-test was used to
compare between-group differences at Dbaseline.
Levene’s test for equality of variance was utilized
and followed for homogeneity of variance violation.
A repeated measures ANOVA was used to compare

1



within-group changes over time. The repeated measure
factor was the session of data collection (baseline, post
I-minute, or post 10-minute). Mauchly’s test was used
to monitor sphericity and the Greenhouse-Geisser
correction was utilized during instances of sphericity
violation.?®> A Bonferroni post hoc test was utilized on
statistically significant data to determine which time
intervals were significant. The alpha level of P<<0.05
was considered statistically significant for all within-
group and between-group variables.

Results
Between-groups comparison at baseline indicated
that there were statistically significant differences in
left pulse oximetry, #(48)=—1.198, P=0.020, and PR
interval, #(48)=—2.148, P=0.037 between the groups.
The SMT group demonstrated a lower level of
oxygenation saturation in their blood as sampled
from the left index finger. The SMT group also
demonstrated a longer PR interval than the control
group, which indicates longer electrical activity in the
atria.

There was a statistically significant within-group
difference for the experimental group’s PR interval,

Ward et al. Cardiovascular response to manipulation

F(2,48)=3.275, P=0.046, and QRS duration,
F(2,48)=4.008, P=0.025. For the SMT group, the PR
interval decreased at post 1-minute transiently and then
increased at post 10-minute. Bonferroni post hoc testing
indicated there was a significant difference between post
I-minute and post 10-minute for the PR interval. For
the SMT group, the QRS duration increased at post 1-
minute transiently and then decreased at post 10-
minute. Bonferroni post hoc testing demonstrated a
statistically significant difference between post 1-minute
and post 10-minute for QRS duration. There was a
statistically significant within-group difference for the
control group for PR interval, F(2,48)=3.620,
P=0.047, for unclear reasons. Bonferroni post hoc
testing demonstrated a significant difference between
baseline testing and post 1-minute for the PR interval.
In all cases of within-group repeated measures,
sphericity was not violated. Overall, the cardiovascular
changes, although statistically significant, were tran-
sient and minimal in clinical effect. This would suggest
that supine diversified anterior upper thoracic SMT
resulted in no appreciable clinical changes in cardio-
vascular function in hypertensive participants com-
pared to the control group. Tables 2-4 demonstrate the

Table 2 Blood pressure and related blood flow variable recordings at baseline, post 1-minute, and post 10-minute

Baseline Post 1-minute Post 10-minute P-value
R. systolic blood pressure (mmHg)
Control 141.0+16.3 143.0+17.7 141.2+17.5 0.412
Thoracic SMT 149.0+21.7 147.64+24.9 146.3+20.5 0.464
Baseline P 0.145
R. diastolic blood pressure (mmHg)
Control 83.5+8.6 83.4+8.6 81.7+10.0 0.235
Thoracic SMT 87.2+15.1 85.1+15.7 85.6+14.6 0.102
Baseline P 0.292
L. systolic blood pressure (mmHg)
Control 142.4417.9 139.24+16.3 144.4+18.4 0.107
Thoracic SMT 146.4+21.1 145.0+20.4 144.4+23.6 0.599
Baseline P 0.478
L. diastolic blood pressure (mmHg)
Control 82.5+9.5 81.6+9.4 83.3+9.1 0.260
Thoracic SMT 85.4+16.8 85.1+16.9 85.2+15.2 0.971
Baseline P 0.454
Pulse pressure (mmHg)
Control 57.54+12.0 59.5+13.1 59.5+12.1 0.359
Thoracic SMT 61.8+12.8 62.5+16.6 60.7+14.0 0.663
Baseline P 0.224
Mean arterial pressure (mmHg)
Control 102.6+10.3 103.3+10.8 101.5+11.7 0.287
Thoracic SMT 107.8+16.5 106.0+17.6 105.8+15.5 0.152
Baseline P 0.193
Heart rate (bpm)
Control 70.9+10.6 71.7+8.9 71.0+10.4 0.682
Thoracic SMT 71.8+125 71.5+123 70.9+12.1 0.498
Baseline P 0.789
Rate pressure product (mmHg bpm)
Control 9987 + 1838 10 22441680 997841652 0.316
Thoracic SMT 10 77242713 10 64542925 10 43842560 0.288
Baseline P 0.238

Data listed as mean + standard deviation (SD).

Within-group data were analyzed with repeated measures ANOVA.

Between-group baseline data were compared with an independent samples t-test.

SMT: spinal manipulative therapy.
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Table 3 Change in pulse oximetry readings from baseline to post 1-minute and post 10-minutes

Baseline Post 1-minute Post 10-minutes P-value

Pulse oximetry — right index finger (%)

Control 97.6+1.5 97.840.9 97.841.0 0.514

Thoracic SMT 97.441.4 97.74+1.1 97.84+0.7 0.370
Baseline P 0.700
Pulse oximetry — left index finger (%)

Control 98.0+ 1.1 97.54+1.0 97.7+1.2 0.290

Thoracic SMT 96.94+1.9 97.441.2 97.241.2 0.307
Baseline P 0.020%*

Data listed as mean + standard deviation (SD).
* Statistically significant data.

Within-group data were analyzed with repeated measures ANOVA.

Between-group baseline data were compared with an independent samples f-test.

SMT: spinal manipulative therapy.

relationships between all of the cardiovascular depen-
dent variables measured.

Discussion

The purpose of this study was to determine if supine
diversified anterior upper thoracic SMT resulted in a
significant unsafe drop in blood pressure or in some
other way significantly impacted variables of cardio-
vascular function amongst hypertensive individuals.
This study’s original hypothesis was that upper
thoracic SMT would transiently lower blood pressure
similar to the results of Yates e al.'! with hypertensive
patients, yet have minimal impact on other cardiovas-
cular parameters. Contextually, minimal clinically
important difference (MCID) represents the smallest
amount of change for an outcome that would be
important to a patient or clinician.’® For hypertensive
patients this would be a drop in systolic blood pressure
of 10 mmHg and a drop in diastolic blood pressure of
5 mmHg.*"*® Studies have demonstrated prevalence
rates of various cardiovascular pathologies (coronary
death, myocardial infarction, or stroke) to significantly

increase with hypertension.?’~? Ultimately, the MCID
was not achieved for BP changes in this study.

This experiment differs from the work of other
researchers,>>'*14%33 a5 it involved hypertensive
participants who were taking blood pressure medica-
tion. Most of the preliminary studies on thoracic
spine manipulation and blood pressure have used
normotensive participants'®'* or excluded partici-
pants on medications.® Holt er al® did use some
participants with stage-1 hypertension in their
research study, but it is unclear how many partici-
pants had hypertension in their treatment group.
Their overall findings (—0.3 mmHg systolic blood
pressure and —0.6 mmHg diastolic blood pressure),
which were similar to the present study, suggest that
there is minimal change in blood pressure in response
to thoracic spine SMT.¢

The findings of this present study strongly contrast
with those of Yates er al'' (—14.7 mmHg systolic
blood pressure and —13.0 mmHg diastolic blood
pressure) and Torns® (—20.2 mmHg systolic blood
pressure and —6.8 mmHg diastolic blood pressure).

Table 4 Change in ECG readings from baseline to post 1-minute and post 10-minute

Baseline Post 1-minute Post 10-minute P-value
PR interval (ms)
Control 141.0+28.4 144.6+27.8 143.9+26.5 0.047*
Thoracic SMT 156.24+21.2 154.9+23.4 158.7+12.1 0.046*
Baseline P 0.037*
QRS duration (ms)
Control 93.0+18.2 94.9+4+18.8 93.84+18.3 0.150
Thoracic SMT 91.84+8.5 94,1491 89.94+8.3 0.025*
Baseline P 0.767
QT (ms)
Control 396.7 +26.9 397.1+27.7 400.0+28.1 0.078
Thoracic SMT 392.8+30.4 386.2+65.7 396.0+28.2 0.483
Baseline P 0.631
QTc (ms)
Control 428.0+21.7 430.0+19.1 432.2+18.2 0.286
Thoracic SMT 425.3+29.4 415.2+69.1 426.2+28.6 0.419
Baseline P 0.715

Data listed as mean + standard deviation (SD).
* Statistically significant data.

Within-group data were analyzed with repeated measures ANOVA.
Between-group baseline data were compared with an independent samples f-test
SMT: spinal manipulative therapy.
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It is unclear why Torns® and Yates et al.'' both
found significant decreases in blood pressure in
response to SMT when the present study did not.
The results of Yates er al.'' might be explained by the
low participant number in their treatment group,
which consisted of only seven participants (three of
which were on blood pressure medication). The
likelihood of statistical error with such a small
sample size is significant. The difference between the
present study’s findings and those of Torns’ is much
harder to rationalize. Torns® had 18 participants who
were classified as pre-hypertensive to stage-2 hyper-
tensive. Perhaps the difference in the findings of
Torns® and the present study is due to the region of
the spine that was manipulated. Some researchers
have suggested that cervical spine SMT results in
greater lowering of blood pressure than thoracic
spine SMT.® The findings of Torns’ were so
drastically different in relation to the findings of the
present study and other researchers that they warrant
further corroboration.

Meanwhile, the recent systematic review published
by Mangum et al.** further corroborates the findings
of this study. Those authors found that there is
currently a lack of low bias evidence to support the
use of SMT to positively impact hypertension. The
researchers classified half of the studies that they
reviewed as having a high risk of bias according to
the Cochrane Collaboration High Risk of Bias
standards.®> They also found that, when SMT was
compared to effleurage, no statistically significant
drop in blood pressure occurred in clinical trials that
were categorized as having low bias.

Study limitations
In the present study’s design, the researchers did not
attempt to exclusively manipulate fixated segments of
the upper thoracic spine or to manipulate participants
specifically complaining of thoracic pain. It may be
argued that, when a patient with a painful or fixated
region of the thoracic spine is manipulated, the results
of this study may be different. Future researchers
should explore if there is any link between thoracic
back pain and cardiovascular response markers.
Following a post hoc power analysis using G*Power
version 3.1.3 (Universitit Kiel, Germany),¢ resear-
chers determined study power was 0.6697. This
analysis was in accordance with a desired effect size
of 0.5, o of 0.05, and 25 participants per group. In
consideration of this analysis, the current study was
underpowered and the possibility of type II error
exists. Ideally, in order to have a power of 0.90,
researchers would need 44 participants per group.
Another limitation of the study is that the
researchers did not collect data on how many years
the patients had had hypertension. However, the
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researchers have no reason to believe that this would
have impacted the results of this study.

Lastly, the researchers did not include, in the
exclusionary criteria, severe cardiovascular condi-
tions or specific non-cardiovascular medications that
could have impacted the cardiovascular system due to
their side effects. It is plausible that consideration of
these factors may have made the study’s participants
less homogenous.

Conclusions

The results from this study suggest that supine
diversified anterior upper thoracic SMT appears to
have minimal impact on any of the cardiovascular
physiology variables tested. There were statistically
significant changes noted in PR interval and QRS
duration, but they did not reach a clinically
significant level. The broader implications of this
research in this field support that spinal manipulation
to this region appears to minimally impact cardio-
vascular physiology in normotensive or hypertensive
individuals and it appears to be safe.
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