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Abstract

Objective/Subjects. To determine the autonomic effects of suboccipital release (SOR) during experimentally induced
pain, 16 healthy subjects (eight women, eight men) experienced ischemic (forearm postexercise muscle ischemia
[PEMI]) and cold (cold pressor test [CPT]) pain. Design. Beat-to-beat heart rate (electrocardiogram), mean arterial
blood pressure (finger photoplethysmography), baroreflex sensitivity (transfer function analysis), and pain percep-
tion were measured. SOR or a sham (modified yaw; 30 cycles/min) was performed in minute 2 of pain. Results. PEMI
increased blood pressure by 23 6 2 and 20 6 2 mmHg; no differences occurred between SOR or yaw. PEMI modestly
elevated heart rate during ischemia, followed by significant reduction from baseline with SOR (–3 6 2 bpm) and yaw
(�4 6 2 bpm); no differences were observed between treatments. CPT increased blood pressure (SOR¼ 11 6 1,
yaw¼ 9 6 2 mmHg) and heart rate (SOR¼10 6 2, yaw¼ 8 6 3 bpm) before SOR and yaw. Neither treatment nor
sham blunted blood pressure increases (SOR¼25 6 2, yaw¼ 22 6 2 mmHg) during CPT; both decreased heart rate
(SOR ¼ �3 6 2, yaw ¼ �2 6 2 bpm) from baseline. PEMI and CPT caused increased pain without treatment modula-
tion. Following pain and manual intervention, SOR increased baroreflex sensitivity in the 0.15–0.35 Hz range and de-
creased R-R interval power spectral density in the 0.03–0.5 Hz range compared with yaw. To probe potential mecha-
nisms and interactions between manual treatment and a prototypic analgesic, oral aspirin (967 mg) was given 60
minutes before testing to reduce prostaglandin synthesis. Aspirin slightly attenuated pain but neither altered cardio-
vascular changes to PEMI nor interacted with SOR or yaw. Conclusions. SOR has the capacity to modulate pain-
induced autonomic control and regulation.

Key Words: Cold Pressor Test; Postexercise Muscle Ischemia; Baroreflex Sensitivity; Manipulative Treatment; Nonsteroidal Anti-
inflammatory Drugs

Introduction

In 2012, �19 million adults in the United States used
some form of manipulative treatment as part of their

overall health care [1]. Suboccipital release (SOR) is a

commonly used manual medicine technique of the head

and neck. Other names and related techniques include

suboccipital depression, CV4, basilar decompression,
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condylar decompression, and cervical myofascial release.
Suboccipital myofascial release is used to promote joint and
soft tissue mobility and decrease pain and tenderness [2].

SOR and related techniques are also used to treat pain

from tension-type and migraine headaches [3,4]. The

clinical effects of SOR are purported to be mediated via

the autonomic nervous system [5], but similar to many

manual techniques, the neurophysiological data in this

area are sparse. Thus, the effects and mechanisms of

SOR are unclear and not well understood.

A few reports have identified links between SOR-re-

lated techniques and autonomic activity. Cutler et al. [6]

observed a decrease in direct measurements of muscle

sympathetic nerve activity after the CV4 manual therapy

technique but not after a sham procedure, indicating that

cranial and spinal manual therapy can modulate the va-

somotor component of sympathetic outflow to the mus-

cle. Thus, arterial blood pressure and central mediators

of cardiovascular function may be affected. Additionally,

skin blood flow changes have been observed with cranial

and spinal manual techniques [7–10]. As most blood ves-

sels in the body are controlled by the sympathetic norad-

renergic system, these data indicate that these manual

techniques may have the capacity to modulate the sympa-

thetic nervous system. The parasympathetic nervous sys-

tem has also been implicated with SOR-related

techniques, primarily via changes in heart rate variability

[11–13], which is defined as variation in

electrocardiogram-derived R-R intervals expressed in the

time or frequency domain [14]. Despite these suggestive

findings, clear autonomic nervous system evidence does

not exist for SOR-related techniques.

Perturbations that alter autonomic nervous system

effects are often difficult to observe in a healthy popula-

tion in basal conditions. It is possible that SOR is most

efficacious during nonhomeostatic conditions such as

during strong sympathetic nervous system engagement.

Henley et al. [15] used a 50� head-up tilt to engage sym-

pathoexcitatory postural reflexes [16], which increased

the ratio of normalized low-frequency to normalized

high-frequency power using fast Fourier transform of R-

R intervals to analyze heart rate variability. SOR attenu-

ated this increase, with no effect observed in supine base-

line or with a sham control [15]. These data indicate a

clear potential for an autonomic effect. However, the

effects with a more clinical sympathetic engagement,

such as pain, and in other indices of autonomic function,

such as vasoconstriction and arterial blood pressure, are

less clear. Additionally, analysis of autonomic effects us-

ing more complex analytical methodology (fast Fourier

transform of both the R-R interval and systolic blood

pressure and transfer function analysis of their cross-

spectra) can provide insight into autonomic control and

regulation with or without changes in absolute values of

end organs. This type of comprehensive approach has

not yet been performed in an SOR experimental

paradigm.

This study aimed to determine the effects of SOR on

the cardiovascular system during cold pain and ischemic

pain. Both cold pain via the cold pressor test (CPT)

[17,18] and ischemic pain via postexercise muscle ische-

mia (PEMI) [19,20] have been identified to increase sym-

pathetic activity. We hypothesized that cardiovascular

reflex responses to acute perception of ischemic pain and

cold pain would be reduced with SOR compared with a

sham procedure (modified yaw head movements; previ-

ously identified not to alter sympathetic outflow to mus-

cle and skin [21,22]). Many people who receive manual

therapy also take nonprescription cyclooxygenase inhibi-

tors such as aspirin and other nonsteroidal anti-

inflammatory drugs for pain and inflammation manage-

ment. We also aimed to determine whether inhibition of

prostaglandin synthesis and SOR have a synergistic effect

on lessening cardiovascular responses to ischemic pain.

We hypothesized that if SOR works in part via a prosta-

glandin mechanism, then prostaglandin inhibition would

mimic or potentiate SOR effects.

Methods

Subjects
Sixteen healthy subjects (eight male and eight nonpreg-

nant female, age 23 6 3 years, height 170 6 9 cm, weight

73 6 17 kg) participated in the study. Subject health was

assessed via a health history and physical exam that in-

cluded a 12-lead electrocardiogram. Females were also

given a urine pregnancy test. All subjects’ arterial blood

pressure was <140/90 mmHg and body mass index was

<30 kg/m2. In addition, all subjects were nonsmokers

and did not report history of disease or current medica-

tion usage that would affect the neurological, muscular,

or cardiovascular systems. Individuals familiar with man-

ual therapy were excluded from study participation. The

protocol and procedures were approved by the Ohio

University Biomedical Institutional Review Board and

complied with the tenets and ethical principles for medi-

cal research outlined in the Declaration of Helsinki. All

subjects gave written and verbal informed consent before

participation in these studies.

Measurements
Heart rate and R-R interval were measured via standard

limb lead I or II electrocardiogram (ECG100C, Biopac

Systems Inc., Goleta, CA, USA) routed through a cardio-

tachometer (CT-1000, CWE Inc., Ardmore, PA, USA).

Beat-by-beat arterial blood pressure was obtained from

finger photoplethysmography (Finometer Pro, FMS,

Amsterdam, the Netherlands) [23]. Beat-by-beat stroke

volume was estimated from the arterial waveform via the

Modelflow method (Beatscope, FMS). Skin blood flow

was indexed from red blood cell flux via laser-Doppler

flowmetry using integrative optic probes (MoorLab,

Moor Instruments, Devon, UK). Venous occlusion
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plethysmography was used to determine calf blood flow

(EC6, Hokanson, Bellevue, WA, USA) as previously de-

scribed [24]. Respiration rate was monitored using a pie-

zoelectric transducer connected to an elastic belt

(Pneumotrace II, UFI, Morro Bay, CA, USA) to ensure

that participants did not hold their breath during exercise

or pain stimulus. Skin temperature was measured using a

thermistor (400 series, YSI, Yellow Springs, OH, USA),

and handgrip force was measured via a load cell device

(TSD121C, Biopac), both of which were routed through

amplifiers (SKT100C and DA100C, Biopac) into the

data acquisition system (MP150, Biopac). Immediately

after each recovery period, subjects were asked to ver-

bally rate their pain during the preceding condition

(0¼ no pain, 10¼worst pain) [25].

Protocol
Subjects were tested in a supine position on three sepa-

rate days. The research design consisted of testing the au-

tonomic and cardiovascular effects of SOR (as previously

described [2]) vs a hands-on sham control (yaw) during

ischemic and cold pain perturbations. The sham was a

modified yaw head movement, which consisted of pas-

sive rotation (30 cycles/min, timed by counting rotations

per time frame) [21,22]. Each technique was performed

during the full second minute of the painful stimulus. To

standardize the time frame of the techniques, the investi-

gator maintained the hand position for the SOR if release

occurred before the 60-second time point. A single clini-

cally trained investigator performed all treatments.

Subjects were not informed which procedure was the

sham. The order of the SOR and yaw treatments and ex-

perimental days was determined in a randomized, bal-

anced design. Thus, the ischemic or cold pain

perturbations were performed twice each experimental

day to complete both treatments, separated with a recov-

ery period that was extended until subjects’ heart rate

and arterial blood pressure returned to baseline levels

(Figure 1).

Cold Pressor Test

On the CPT experimental day, baseline recordings were

taken for six minutes, followed by two minutes of CPT,

consisting of immersion of one hand into a 4�C ice slurry

up to the wrist. During the second minute of the CPT, ei-

ther SOR or sham was performed. There was a six-min-

ute recovery period, followed by another extended

recovery period, allowing subjects’ heart rate and arterial

blood pressure to return to baseline levels. The protocol

was then repeated with the alternate treatment (i.e., SOR

or sham).

Postexercise Muscle Ischemia

On the PEMI experimental day, maximal voluntary con-

traction was first assessed with a minimum of three

attempts. Baseline measurements were taken for six

minutes, followed by two minutes of handgrip at 25% of

maximal voluntary contraction and two minutes of

PEMI, as previously described [20]. During the second

minute of PEMI, either SOR or sham was performed, fol-

lowed by a six-minute recovery and an extended recov-

ery, allowing for subjects’ heart rate and arterial blood

pressure to return to baseline levels. The protocol was

then repeated with the alternate treatment (i.e., SOR or

yaw).

Postexercise Muscle Ischemia with Aspirin

On the PEMI with the cyclooxygenase inhibitor acetyl-

salicylic acid (aspirin) experimental day, aspirin (975 mg

with a glass of water, witnessed and supervised by an in-

vestigator) was taken one hour before the protocol be-

gan, as aspirin’s duration of action is six to 12 hours

[26]. The remainder of the protocol was identical to the

PEMI day. Subjects quietly read or listened to music in

the seated position as they waited for the drug to take

effect.

Data Analysis
Data were sampled at 1,000 Hz via a data acquisition

system (Biopac). Cardiac output was calculated as stroke

volume � heart rate, and systemic vascular resistance
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Figure 1. Cold pressor test (CPT; top) and postexercise muscle ischemia (PEMI; bottom) timelines.
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was calculated as mean arterial blood pressure/cardiac

output. Peripheral blood flow measurements were

expressed as conductance to account for the pain-

induced changes in arterial blood pressure. Vascular con-

ductance is preferred over vascular resistance because its

relationship is linear across physiological conditions [27].

Therefore, cutaneous vascular conductance was calcu-

lated as flux/mean arterial blood pressure, and calf vascu-

lar conductance as calf blood flow/mean arterial blood

pressure. Baroreflex sensitivity was assessed by transfer

function analysis by dividing the cross-spectra of R-R in-

terval and systolic blood pressure by the power spectra of

the input signal and expressing values as the magnitude

of the gain in both the low-frequency (0.05–0.15 Hz) and

high-frequency (0.15–0.35 Hz) ranges [28]. The cross-

spectra were obtained as previously described [28]. To

normalize individual differences in absolute power spec-

tral density, the low-frequency and high-frequency ranges

were divided by total spectral power (0.03–0.5 Hz). The

0.00–0.03 Hz frequency was removed because of the du-

ration of the recordings and because this range contains

the direct current component of the signal [29]. The R-R

interval was also presented as the ratio of normalized

low-frequency to high-frequency spectral power, as this

can give insight into sympathetic and parasympathetic

influences [14]. Fast Fourier transforms and transfer

function analysis require five to six minutes of sustained

(i.e., steady state) values and thus could only be com-

pleted during baseline and recovery. Differences in hand

temperature and handgrip force were analyzed via paired

t test. Differences in the mean values of the cold pressor

test were analyzed after repeated-measures one-way anal-

ysis of variance (ANOVA). Differences in the mean val-

ues of handgrip PEMI were analyzed after repeated-

measures two-way ANOVA. Pain perception and barore-

flex sensitivity-related variables were analyzed across ex-

perimental pain and manual treatment via a 2 � 3

repeated-measures ANOVA. Because the magnitude of

the effect of absolute values for baroreflex sensitivity-

related variables is more difficult to assess, partial eta

squared (gp
2) [30] was also calculated when significant P

values were obtained for these variables. Student

Newman Keuls post hoc analysis was performed when

significant main effects were observed in ANOVAs. All

values are reported as mean 6 SE, and P values of <0.05

were considered statistically significant.

Results

Cold Pain
Participants experienced similar temperatures and pain

responses during both treatment protocols. Baseline dor-

sal hand skin temperature was not different between

groups (P¼ 0.680) and decreased (P< 0.001) to similar

temperatures during the CPT (P¼ 0.495) (Table 1).

Dorsal hand skin temperature decreased further during

treatment (P¼ 0.001), but there was no difference be-

tween SOR and sham (P¼ 0.352) (Table 1). CPT caused

similar pain in all participants (SOR ¼ 6.02 6 0.41, yaw

¼ 5.91 6 0.38).

Cardiovascular system responses to CPT included in-

creased mean arterial blood pressure (Figure 2) and heart

rate (Figure 3), with no change in stroke volume before

SOR and yaw. Neither SOR nor sham blunted the CPT-

induced increases in mean arterial blood pressure

(P< 0.001) or decreases in heart rate (P¼ 0.001) or

stroke volume (P< 0.001). Calf vascular conductance de-

creased during both SOR and sham compared with base-

line (P¼ 0.049); however, there were no differences

between the SOR and sham conditions (P¼ 0.294)

(Table 1). Additional cardiovascular variables are pro-

vided in Table 1.

Ischemic Pain
Participants experienced similar handgrip exercise and

pain responses during both treatment protocols.

Participants were able to maintain the target handgrip

force at similar levels before PEMI (SOR ¼ 25 6 2 and

sham ¼ 24 6 3%, P¼ 0.793). Participants did not hold

their breath or perform Valsalva maneuvers during exer-

cise. Handgrip increased mean arterial blood pressure

(Figure 2) and heart rate (Figure 3) and decreased stroke

volume. PEMI caused similar pain in all participants

(SOR ¼ 5.55 6 0.43, yaw ¼ 5.44 6 0.44).

Cardiovascular system responses to PEMI included a

modest fall from the exercise-elevated mean arterial

blood pressure (P< 0.001) (Figure 2) and heart rate

(P< 0.001) (Figure 3) and a modest increase from the

exercise-lowered stroke volume (P< 0.001). Only heart

rate changed during treatment, with significant reduc-

tions (P¼ 0.015) occurring during both SOR and sham

(Figure 3). No differences were observed between treat-

ment and sham in mean arterial blood pressure

(P¼ 0.103), heart rate (P¼ 0.738), or stroke volume

(P¼ 0.206). Calf vascular conductance did not change

throughout the protocol (P¼ 0.253) (Table 1).

Additional cardiovascular variables are provided in

Table 1.

Ischemic Pain 1 Aspirin
Similarly, during the PEMI þ aspirin protocol, partici-

pants were able to maintain the target handgrip force at

similar levels before PEMI (SOR ¼ 24 6 1 and sham ¼
23 6 3%, P¼ 0.846) and did not hold their breath or per-

form Valsalva maneuvers during exercise. Handgrip in-

creased mean arterial blood pressure (Figure 2) and heart

rate (Figure 3) and decreased stroke volume. Pain percep-

tion was slightly decreased compared with the non-cyclo-

oxygenase-inhibited treatments (P¼ 0.002), but no

differences were observed between SOR and sham (SOR

¼ 4.77 6 0.44, yaw ¼ 4.62 6 0.48, P¼ 0.155).
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Table 1. Central and peripheral responses to cold and ischemic pain protocols

A) Cold pressor test

Cardiac
Output,

L/min

Systemic
Vascular

Resistance, RU

Calf Vascular
Conductance, mL/100 mL

Tissue/min/mmHg

Cutaneous Vascular
Conductance:

Probe #1, Flux/mmHg

Cutaneous Vascular
Conductance:

Probe #2, Flux/mmHg

Dorsal Hand Skin

Temperature, �C

SOR Baseline 5.2 6 0.3 1,278 6 45 3.0 6 0.6 8.7 6 2.7 10.9 6 2.2 29.7 6 0.9

CPT 6.2 6 0.6 1,470 6 77 2.2 6 0.5 6.7 6 1.3 9.4 6 1.1 15.5 6 0.7*

Treatment 4.9 6 0.5 1,396 6 74 1.8 6 0.2* 7.6 6 1.3 11.0 6 1.6 11.5 6 1.0†

Recovery 5.0 6 0.4 1,248 6 63 2.3 6 0.3 4.5 6 0.5 8.6 6 1.5 n.d.

Yaw Baseline 5.2 6 0.3 1,272 6 36 2.2 6 0.3 6.2 6 1.4 8.8 6 1.1 29.1 6 0.9

CPT 5.9 6 0.6 1,428 6 61 2.0 6 0.4 5.2 6 0.5 7.6 6 0.8 16.4 6 1.6*

Treatment 4.9 6 0.5 1,355 6 65 1.4 6 0.2* 6.2 6 1.0 10.1 6 1.6 12.7 6 1.7†

Recovery 5.2 6 0.4 1,278 6 49 1.9 6 0.2 4.3 6 0.5 7.4 6 0.8 n.d.

B) Postexercise muscle ischemia

Cardiac
Output,
L/min

Systemic
Vascular
Resistance, RU

Calf Vascular
Conductance, mL/100 mL
Tissue/min/mmHg

Cutaneous Vascular
Conductance:
Probe #1, Flux/mmHg

Cutaneous Vascular
Conductance:
Probe #2, Flux/mmHg

SOR Baseline 5.4 6 0.4 1,395 6 73 2.1 6 0.2 9.5 6 2.9 11.5 6 3.8

Exercise 6.2 6 0.5 1,789 6 93 n.d. 10.0 6 3.1 11.9 6 2.2

PEMI 5.4 6 0.5 1,491 6 112 2.2 6 0.4 10.2 6 3.1 12.1 6 1.6

Treatment 5.0 6 0.4 1,493 6 143 1.7 6 0.3 8.0 6 2.7 9.6 6 1.7

Recovery 5.2 6 0.4 1,325 6 75 2.0 6 0.3 5.0 6 1.2 8.0 6 1.4

Yaw Baseline 5.2 6 0.4 1,386 6 66 2.3 6 0.2 7.2 6 1.6 8.1 6 1.2

Exercise 6.1 6 0.5 1,720 6 87 n.d. 8.8 6 2.2 11.2 6 1.8

PEMI 5.3 6 0.5 1,444 6 93 2.3 6 0.3 11.1 6 3.3 11.8 6 2.1

Treatment 5.0 6 0.5 1,428 6 134 2.0 6 0.3 8.1 6 2.7 9.9 6 2.8

Recovery 5.2 6 0.4 1,340 6 75 2.1 6 0.2 4.3 6 0.7 6.9 6 1.2

C) Postexercise muscle ischemia þ aspirin

Cardiac

Output,
L/min

Systemic

Vascular
Resistance, RU

Calf Vascular

Conductance, mL/100 mL
Tissue/min/mmHg

Cutaneous Vascular

Conductance:
Probe #1, Flux/mmHg

Cutaneous Vascular

Conductance:
Probe #2, Flux/mmHg

SOR Baseline 4.6 6 0.2 1,219 6 48 2.8 6 0.7 5.3 6 1.0 7.2 6 0.9

Exercise 6.0 6 0.3 1,535 6 66 n.d. 8.7 6 2.3 10.2 6 1.7

PEMI 4.8 6 0.3 1,282 6 50 2.6 6 0.5 9.1 6 3.3 11.0 6 1.9

Treatment 4.4 6 0.3 1,200 6 58 1.9 6 0.4 4.2 6 0.6 7.9 6 1.1

Recovery 4.6 6 0.2 1,197 6 49 2.2 6 0.5 4.0 6 1.0 5.4 6 0.4

Yaw Baseline 4.6 6 0.2 1,228 6 38 1.9 6 0.3 5.8 6 0.8 10.1 6 2.3

Exercise 5.6 6 0.3 1,571 6 74 n.d. 9.1 6 2.2 12.2 6 3.0

PEMI 4.7 6 0.3 1,396 6 157 2.2 6 0.5 7.0 6 1.0 14.3 6 3.0

Treatment 4.4 6 0.3 1,284 6 145 2.2 6 0.6 4.4 6 0.5 9.8 6 1.7

Recovery 4.5 6 0.2 1,229 6 55 1.8 6 0.3 4.0 6 0.5 7.8 6 2.0

CPT ¼ cold pressor test; n.d. ¼ no data; PEMI ¼ postexercise muscle ischemia; RU ¼ vascular resistance units; SOR ¼ suboccipital release.

*Denotes difference compared with baseline (P� 0.05).
†Denotes difference compared with CPT.
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Cardiovascular system responses to PEMI during this

protocol included a modest fall from the exercise-

elevated mean arterial blood pressure (P¼ 0.006)

(Figure 2) and heart rate (P< 0.001) (Figure 3) and a

modest increase from the exercise-lowered stroke vol-

ume. Only heart rate changed during treatment, with sig-

nificant reductions (P¼ 0.005) occurring during both

SOR and sham (Figure 3). No differences were observed

between treatment and sham in mean arterial blood pres-

sure (P¼ 0.312), heart rate (P¼ 0.302), or stroke volume

(P¼ 0.936). Calf vascular conductance did not change

throughout the PEMI þ aspirin protocol (P¼ 0.336)

(Table 1). Additional cardiovascular variables are pro-

vided in Table 1.

Pre–Post Pain Alterations in the Baroreflexes
Low-frequency baroreflex sensitivity was not altered af-

ter pain in either condition regardless of type of pain

(P¼ 0.785) (Figure 4). In contrast, high-frequency

baroreflex sensitivity increased after pain and SOR but

not after pain and sham (P¼ 0.031, gp
2 ¼ 0.173)

(Figure 4). Normalized low-frequency systolic blood

pressure power spectral density trended toward differen-

ces between SOR and sham (P¼ 0.067, gp
2 ¼ 0.147),

but this was not different in the normalized high-

frequency range (P¼ 0.178) (Table 2). Normalized low-

frequency R-R interval power spectral density was differ-

ent after pain between SOR and sham (P¼ 0.013, gp
2 ¼

0.180), and this trend was also observed in the high-

frequency range (P¼ 0.076, gp
2 ¼ 0.083) (Table 2).

Finally, the ratio of low-frequency to high-frequency R-R

interval spectral power was not different after pain be-

tween SOR and sham (P¼ 0.355) (Table 2).

Discussion

This study’s primary new finding is that SOR has the ca-

pacity to modulate pain-induced autonomic control and
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Figure 4. Response of low-frequency (LF) and high-frequency (HF) baroreflex sensitivity (ms/mmHg) during baseline and following
(recovery) the CPT (left), PEMI (center), and PEMI þ aspirin (right) protocols, where SOR ¼ suboccipital release, Sham ¼ yaw, and *
denotes P�0.05.
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regulation, despite not altering the acute pain or hyper-

tensive conditions caused by experimental pain.

Baroreflex sensitivity, expressed as the cross-spectra

transfer function gain between the R-R interval and sys-

tolic blood pressure, was accentuated in higher frequen-

cies during SOR compared with sham following ischemic

and cold pain. Additionally, dynamic control of the R-R

interval and systolic blood pressure was affected or

trended in both low- and high-frequency ranges. These

data indicate the possibility of autonomic neural control

and regulation of pain-induced sympathoexcitation to

both the heart and vasculature that can be modulated by

manual therapy.

Sympathetic activity increased during cold and ische-

mic pain in this study, as inferred by increased heart rate

and mean arterial blood pressure. Our CPT and PEMI

data were consistent with previous cardiovascular findings

for CPT [17,18,31] and PEMI [19,20,32], and all subjects

experienced subjective increases in pain. Thus, we success-

fully induced experimental pain and appropriate auto-

nomic responses in participants. Heart rate decreased

from minute 1 of pain during both SOR and sham in all

protocols. This may indicate the possibility of “hands-on”

interventions having a calming effect to a painful stimulus,

but this is difficult to fully evaluate because we did not

have a nontreatment pain control trial in the study.

SOR has been proposed to mitigate certain types of

pain and affect the autonomic nervous system. We did

not observe any effect of SOR on pain perception com-

pared with sham. Henley et al. [15] identified that cervi-

cal myofascial release (SOR) attenuated the increase in

heart rate variability caused by head-up tilt, leading the

authors to conclude that vagal tone was increased. We

extended observations to the more clinical sympathoexci-

tatory stimulus of pain rather than blood pooling and ob-

served altered normalized R-R interval in the low

frequency, trend in the high frequency, and no change in

the ratio between low and high frequency. This low-fre-

quency power spectral density change with SOR is novel

and could indicate a more global autonomic system mod-

ulation of heart rate. Traditionally, high-frequency

changes in R-R interval have been associated with the

parasympathetic nervous system, and low-frequency

changes with the sympathetic nervous system [14,33]

however, this view is too simplistic [34,35]. We also ex-

tended the previous study [15] into a post-treatment pe-

riod. This could have important clinical implications, as

Table 2. Power spectral density and ratio of low-frequency to high-frequency power spectral density alterations before and after
cold and ischemic pain

A) Cold pressor test

Normalized

Low-Frequency:
Systolic Blood
Pressure

Normalized

High-Frequency:
Systolic Blood
Pressure

Normalized
Low-Frequency:
R-R Interval

Normalized
Low-Frequency:
R-R Interval

R-R Interval -
Low-Frequency/
High-Frequency

SOR Baseline 0.42 6 0.03 0.19 6 0.04 0.42 6 0.05 0.41 6 0.04 1.46 6 0.33

Recovery 0.43 6 0.02† 0.20 6 0.04 0.35 6 0.04* 0.40 6 0.03† 1.04 6 0.17

Yaw Baseline 0.41 6 0.03 0.17 6 0.03 0.44 6 0.04 0.39 6 0.04 1.66 6 0.41

Recovery 0.49 6 0.03 0.18 6 0.03 0.45 6 0.04 0.35 6 0.03 1.54 6 0.20

B) Postexercise muscle ischemia
Normalized

Low-Frequency:
Systolic Blood
Pressure

Normalized

High-Frequency:
Systolic Blood
Pressure

Normalized
Low-Frequency:
R-R Interval

Normalized
High-Frequency:
R-R Interval

R-R Interval-
Low-Frequency/
High-Frequency

SOR Baseline 0.43 6 0.03 0.21 6 0.03 0.44 6 0.04 0.37 6 0.04 1.47 6 0.25

Recovery 0.44 6 0.03† 0.25 6 0.04 0.35 6 0.04* 0.45 6 0.04† 1.04 6 0.22

Yaw Baseline 0.40 6 0.03 0.20 6 0.04 0.43 6 0.03 0.40 6 0.04 1.42 6 0.27

Recovery 0.46 6 0.04 0.22 6 0.04 0.41 6 0.04 0.41 6 0.05 1.53 6 0.42

C) Postexercise muscle ischemia þ aspirin
Normalized

Low-Frequency:
Systolic Blood
Pressure

Normalized

High-Frequency:
Systolic Blood
Pressure

Normalized
Low-Frequency:
R-R Interval

Normalized
High-Frequency:
R-R Interval

R-R Interval-
Low-Frequency/
High-Frequency

SOR Baseline 0.47 6 0.04 0.17 6 0.02 0.43 6 0.04 0.34 6 0.04 1.88 6 0.45

Recovery 0.39 6 0.04† 0.20 6 0.04 0.38 6 0.05* 0.39 6 0.04† 1.39 6 0.44

Yaw Baseline 0.46 6 0.04 0.19 6 0.04 0.45 6 0.05 0.33 6 0.04 1.92 6 0.41

Recovery 0.45 6 0.04 0.18 6 0.03 0.39 6 0.05 0.40 6 0.05 1.46 6 0.34

SOR ¼ suboccipital release.

*Denotes difference compared with sham (P� 0.05).
†Denotes trend toward difference compared with sham (0.05<P< 0.10).
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interventions should have some utility both during and in

recovery from pain.

A substantial advantage of our experimental design

was the ability to measure beat-by-beat arterial blood

pressure to gain more insights compared with only heart

rate variability, as the heart is under both sympathetic

and parasympathetic control, whereas the vasculature is

predominantly sympathetic. We observe a trend in nor-

malized low-frequency systolic blood pressure power

spectral density between SOR and sham post–pain per-

ception, again indicating that dynamic control and regu-

lation data provide additional information over static

data [36]. Baroreflex sensitivity analysis did yield accen-

tuation in higher frequencies in SOR compared with

sham following ischemic and cold pain. These data indi-

cate that SOR has the capacity to alter aspects of the bar-

oreflex after pain, as evidenced by the input (systolic

blood pressure)-to-output (R-R interval) gain of the re-

flex, despite no overall difference in the absolute heart

rate or arterial blood pressure between SOR and sham.

This autonomic reflex change is intriguing and could

have an impact for autonomic disorders that also present

with primary or secondary pain [37]. This baroreflex

finding deserves further exploration into the level at

which the pathway is altered.

This study used a sham manipulation, yaw head move-

ments, to control for a potential treatment effect. Controls

for manual manipulation are very difficult to create, as

double-blinding is not possible [38]. Yaw head movements

provide a mild semicircular canal stimulation and have

previously been observed to have no effect on muscle or

skin sympathetic nerve activity [21], even during height-

ened sympathoexcitatory states [22]. Thus, yaw head

movements are an appropriate sham for the present study.

In fact, polling participants after study completion

revealed that the majority believed that the active yaw pro-

cedure was the manual therapy treatment and the more

subtle SOR was the control. We did not intend to deceive

participants but do believe that this is an ideal control.

The present study also tested a cyclooxygenase inhibi-

tor for two reasons: 1) to investigate the interactive effects

of a nonprescription prototypic nonsteroidal anti-

inflammatory drug with manual treatment and 2) to

investigate possible prostaglandin mechanism interactions

associated with PEMI and baroreflexes. Previous studies

testing prostaglandin [39] and pain biomarker [40–42]

levels after manipulation and sympathetic responses to is-

chemic pain [19,43,44] have not yielded conclusive results.

We did not observe any interactive effects with manual

therapy and aspirin for static or dynamic cardiovascular

responses. Subjective pain perceptions were slightly lower

with aspirin treatment when compared with noncyclooxy-

genase inhibition conditions. Combined, these data indi-

cate a lack of interaction between manual treatments and

oral cyclooxygenase inhibition on pain perception and

autonomic responses to pain.

Limitations
Despite the benefits in generalizability and transferability

in these human-based studies, there are some limitations.

First, although we tested cold and ischemic pain, we

could not mimic musculoskeletal or headache pain. Thus,

we cannot determine the role of SOR in those types of

pain. Based on the current study, it is possible that auto-

nomic control and regulation to pain in general are altered

with SOR. We did not double-blind our aspirin treatment

arm or assess plasma prostaglandin levels. A high dose of

oral aspirin has previously been shown to decrease prosta-

glandin synthesis [45,46]. We did not observe an effect of

aspirin on cardiovascular responses to pain, so it is doubt-

ful that there was a placebo effect of the drug. Despite the

lack of effect, we do think it is clinically important to have

experimental arms that include nonprescription medica-

tions to investigate interactive effects with other treat-

ments, should they exist. It is possible that there was a

placebo effect of the manual therapy. However, we

attempted to mask this with an active procedure (yaw) that

has previously been identified to not alter sympathoexcita-

tion. Based on polling, this masking was successful and

perhaps could be a model for future studies assessing man-

ual therapies that cannot be adequately blinded.

Conclusions
Our results indicate that most static ANS results (abso-

lute heart rate and arterial blood pressure) were elevated

by pain but not modulated by SOR. However, dynamic

alterations in autonomic cardiovascular control were sig-

nificantly affected by SOR compared with yaw after

pain. The most prominent effect was an alteration in bar-

oreflex sensitivity regardless of the type of pain (cold and

ischemic). Baroreflexes contain both parasympathetic

and sympathetic effector arms to alter arterial blood

pressure [36]; the control and regulation of arterial blood

pressure are fundamental autonomic homeostatic mecha-

nisms, and a change indicates an alteration in regulation.

SOR does not appear to modulate pain perception of ei-

ther cold or ischemic origin. Thus, SOR has the capacity

to modulate pain-induced autonomic control and regula-

tion, despite not altering the acute pain or hypertensive

conditions caused by experimental pain.
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