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Abstract

Aims—Several lines of evidence support a functional interaction between the cardiovascular and
pain regulatory systems. Elevated resting blood pressure is consistently associated with reduced
responsiveness to experimental pain stimuli in healthy normotensive subjects. This prospective
observational study was designed to evaluate the relationship between preoperative resting arterial
blood pressure and postoperative pain in patients undergoing non-surgical endodontic treatment
(also known as root canal therapy).

Methods—Written informed consent was obtained from normotensive patients seeking treatment
for teeth with a preoperative diagnosis of pulpal necrosis and periradicular periodontitis.
Preoperative resting blood pressure was recorded and non-surgical root canal therapy was initiated
using a standardized protocol. Patients recorded their preoperative and postoperative pain intensity
on a 100mm visual analog scale for up to 7 days after the procedure. A linear regression model
was used to predict postoperative VAS intensity using preoperative pain and blood pressure values
as covariates. Pearson correlations were calculated to assess the relationship between the measures
of preoperative blood pressure and both preoperative and postoperative pain.

Results—After controlling for preoperative pain, significant correlations were observed between
preoperative systolic blood pressure and postoperative pain (p < .05) as well as between
preoperative pulse pressure and postoperative pain (p< .005) on day 1.
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Conclusion—This study provides further evidence of a functional interaction existing between
the cardiovascular and trigeminal pain regulatory systems. Understanding this complex
relationship may lead to enhanced pain management strategies.
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Introduction

In vivo studies report an association between high resting blood pressure and a reduced
sensitivity to acute pain.1 This relationship between blood pressure and pain is consistent
not only when comparing hypertensive individuals (>140/90mm Hg) to normotensive
individuals 8 but also on comparing higher versus lower blood pressure within the
normotensive range.?-11 Correlation analysis reveals that the relationship between blood
pressure and pain is linear across the normotensive blood pressure range.1%:11 Interventions
which raise blood pressure, such as exercise and high sodium diets, reduce sensitivity to
experimental pain stimuli.1213 Furthermore, even in the absence of hypertension, the
familial risk for hypertension is associated with a diminished responsiveness to acute pain
suggesting genetic contributions to the observed relationship.14.15

The functional interaction between blood pressure and pain has been replicated in studies on
odontogenic pain as well. For example, studies evaluating pulpal response to electrical
stimulation show that both pain threshold and pain tolerance are higher in hypertensive
patients than in normotensive individuals.>16 In a randomized controlled clinical trial
untreated hypertensive patients were assigned to receive enalapril (an angiotensin converting
enzyme-inhibitor) or losartan (an angiotensin receptor Il antagonist) and their response to
electrical pulpal stimulation was measured prior to and after the drug treatment.
Administration of both of these antihypertensive drugs resulted in a significant reduction in
pain threshold and tolerance.1’

Most studies evaluating hypertension associated hypoalgesia in humans have used
experimental stimuli to elicit pain.18: 1011 Relatively fewer studies have evaluated the
relationship between the cardiovascular system and clinical pain conditions.19-22 These
studies report that chronic pain conditions such as temporomandibular disorders and chronic
musculoskeletal complaints are less prevalent in individuals with higher resting blood
pressure values as compared to those with low blood pressure values.19-21 Individuals with
high resting systolic and diastolic blood pressure are ten times less likely to develop
temporomandibular disorders as compared to those with low blood pressure.22 To date, no
study has evaluated the relationship between resting arterial blood pressure and acute
postoperative orofacial pain. A prospective observational study was conducted to evaluate
the relationship between resting arterial blood pressure and postoperative pain in patients
undergoing non-surgical root canal therapy We hypothesized that elevated preoperative
resting arterial blood pressure readings are associated with diminished postoperative pain
experiences.
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Materials and Methods

This prospective observational study was conducted in accordance with the Declaration of
Helsinki and was approved by the Institutional Review Board at the University of North
Carolina, Chapel Hill. Patients were recruited from the endodontic clinic in the School of
Dentistry, University of North Carolina, Chapel Hill. Inclusion criteria were (1) teeth with a
clinical diagnosis of pulpal necrosis as shown by a negative response to both cold
(dichlorodifluoromethane Endo Ice; Hygienic®, Akron, OH) and to electric sensibility
testing (Sybron Endo Vitality Scanner Model 2006, Glendale, CA), (2) teeth with a
periradicular diagnosis of apical periodontitis as shown by the presence of a periradicular
radiolucency more than twice the width of the periodontal ligament. Exclusion criteria
included patients with an American Society of Anesthesiologists' physical status of 3 or
greater, a periodontal pocket site of 6 mm or deeper around the tooth to be treated, the
presence of an abscess or swelling around the affected tooth, persistent (>7 days) use of
medication that might alter their pain experience (such as steroids and antidepressants) and
any use of analgesics up to 6 hours prior to clinical assessment.

After explaining the study and obtaining written informed consent, patients were asked to
rate their spontaneous pain related to the affected tooth on a 100mm horizontal visual analog
scale (VAS) with the anchors of “No pain” and “Worst pain imaginable”. They reported
how long they had had their tooth pain and as well as mechanical allodynia, which was
described as the presence or absence of pain on to gentle digital percussion. Patients were
asked about the presence of facial or body pain conditions. Facial pain was described as pain
in the face, jaw, temple, in front of the ear, or in the ear, not including toothache or ear
infection. Patients who reported having facial pain were asked to indicate the mean pain
intensity on a 100mm VAS. Bodily pain was described as pains in the body that lasted a day
or more, or pain in the body that has occurred several times a year due to any cause. Patients
were instructed not to report aches and pains that were fleeting or attributed to known
factors such as sore muscles after exercise. Those with bodily pain were asked to indicate
the affected area by drawing on a manikin and to report the pain intensity on a 100mm VAS.

After completion of the preoperative questionnaires, the patients' resting arterial blood
pressure and heart rate were measured once using a wrist cuff blood pressure monitor. These
measurements were taken a minimum of 15 minutes after seating the patient in an upright
position.. The monitors used included OMRON Models HEM 605 and HEM 741 (OMRON
Vernon Hills, Illinois). Endodontic therapy was initiated using a standardized protocol.
Briefly, this protocol consisted of first administering local anesthesia and then isolating the
tooth with a rubber dam. The root canal system was then accessed and the canals
instrumented using nickel-titanium rotary and stainless steel hand instruments to
International Organization for Standardization apical size =35 with 0.04 taper. Calcium
hydroxide (Henry Schein, Melville, NY, USA) was placed as an intracanal medicament and
a temporary restoration (IRM®, Dentsply International Inc. Milford, DE, USA) was placed.

Prior to dismissal patients were given a postoperative pain diary in which they recorded their
average daily pain as well as the most intense daily pain experienced on a 100mm VAS.
They also recorded the presence or absence of tooth pain when they gently tapped on their
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tooth with a finger. The name, dose and frequency of any analgesics taken were also
recorded in the pain diary. Patients were instructed to complete the questionnaire at a
consistent time daily for 1 week and were given an addressed, stamped envelope in which to
mail the pain diary back to the investigators after completion.

Data from questionnaires and pain diaries were merged to produce an analytic data file in
which each person was represented as one unit record. A linear regression model was used
to predict postoperative VAS intensity using preoperative pain and blood pressure values as
covariates. Pearson correlations were calculated to assess the relationship between the
measures of preoperative blood pressure and both postoperative and preoperative pain. T-
tests were used to test the null hypothesis of no association between pre-existing facial pain/
bodily pain and the intensity/duration of postoperative pain. A significance level of p<.05
was used. All data analysis was done using R version 2.13 (Vienna, Austria). Values are
reported as mean = standard error of the mean.

A total of 93 patients were enrolled in the study. Of that number, 20 patients did not return
their postoperative pain diaries and their data was not included in the statistical analysis. The
mean age of patients was 46 +1.8 years. Just over one third of the study population was male
(36%). The majority of the population described themselves as Caucasian (63%). There
were over twice as many maxillary teeth (51) treated during the study as mandibular teeth
(22).

Fifty-two percent of patients had pain prior to initiation of treatment. All of these patients
reported that they had both spontaneous tooth pain and mechanical allodynia. The mean
intensity of preoperative pain was reported as 27 + 4.0 mm on the VAS. Seventy-five
percent of patients had pain on postoperative day one with the mean pain intensity reported
as 24+3.1 mm on the VAS. Mechanical allodynia was reported by 47% of patients on
postoperative day 1. Both the number of patients who reported pain and the mean pain
intensity decreased steadily during the postoperative period. Forty-three percent of patients
continued to have pain on postoperative day 7 with a mean pain intensity of 3 £ 0.97 mm on
the VAS. Sixteen percent of patients continued to have mechanical allodynia on
postoperative day 7.

The preoperative systolic blood pressure was 126+1.8 mm of mercury and the preoperative
diastolic blood pressure was 78+1.1 mm of mercury. The preoperative pulse pressure was
48+1.5 mm of mercury and the heart rate was 72+1.1 beats per minute. Table 1 shows the
preoperative blood pressure variables. A negative correlation was noted between
preoperative systolic blood pressure and pain on the first postoperative day (r=-0.24, p=.03)
(Figure 1). Additionally we found a negative correlation between preoperative pulse
pressure and pain intensity on the first postoperative day (r=-0.32, p =.005) (Figure 2). No
significant correlation was observed between diastolic blood pressure (r=0.03; p=.9) or heart
rate (r=-0.06; p=.8) and pain on the first postoperative day. Also, no significant correlations
were observed between preoperative pain and any of the cardiovascular measures (Jr|<0.1
and p>.5 for all four measures).
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Thirty-five percent of patients reported having facial pain, which was described as pain in
the face, jaw, temple, in front of the ear, or in the ear (not including toothache or ear
infection). The mean intensity of the facial pain reported was 48+6.6 mm on the VAS.
Twenty-five percent of patients reported having persistent or chronic body pain, and the
mean intensity of body pain was 48+4.4 mm on the VAS. The presence of facial and /or
body pain was not associated with the intensity or duration of postoperative pain after
endodontic therapy (p>.05 for all t-tests performed).

Discussion

Endogenous pain regulatory systems composed of both inhibitory and facilitatory pathways
modulate our ability to adapt to acute and persistent pain. The immediate response to a
noxious stimulus engages the inhibitory pathways allowing us to escape from the source of
injury (or noxious stimulus) without experiencing intense pain.23 24 Once the acute danger
has passed, then the facilitatory pathways amplify the pain which helps to avoid additional
injury, encourages rest and facilitates healing. Under normal conditions, when pain persists
beyond the initial healing period, inhibitory pathways are once again engaged which enables
the resumption of the normal activities needed for survival.23

An important component of the endogenous pain regulatory system is the functional
interaction between the cardiovascular and pain regulatory systems which results in an
association between elevated resting blood pressure and diminished acute pain sensitivity.
There is substantial overlap between the brain regions underlying control of the
cardiovascular system and those which contribute to antinociception. The mechanisms that
underlie the interaction between blood pressure and pain sensitivity include baroreceptor-,
endogenous opioid- and noradrenergic- related mechanisms. It has been proposed that (a)
pain increases sympathetic arousal resulting in increased blood pressure, (b) this increased
blood pressure results in increased baroreceptor stimulation, which in turn (c) activates the
inhibitory pathways resulting in reduced pain sensitivity and thus facilitating the return to a
normal homeostatic state.25 26 Several lines of evidence support the role of baroreceptors in
the blood pressure/pain sensitivity relationship. Electrical or pharmacological stimulation of
baroreceptors afferents induce antinociception.2’-2? Surgical denervation of these afferents
eliminates the hypoalgesia displayed in hypertensive animals and produces hyperalgesia in
normotensive animals.2”- 30 |t is important to note that baroreceptor stimulation modulates
both the sensory and affective components of pain.

Endogenous opioids, an important component of the pain regulatory system, are proposed to
mediate the interaction between the cardiovascular and pain regulatory systems. Elevated
blood pressure is associated with increased plasma levels of B endorphin in experimental
animals as well as in humans.3! Naloxone, an opioid antagonist, reverses the hypoalgesia
seen in hypertensive animals.1-32 Some but not allclinical studies report that opioid blockade
reverses the relationship between blood pressure and pain sensitivity.11:33-35 This suggests
that in humans, the interaction between blood pressure and pain sensitivity is mediated at
least in part by opioid mechanisms.
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Central noradrenergic pathways are important players in the descending pain inhibitory
pathways and regulation of the cardiovascular system. Structures in the central nervous
system which are involved in the cardiovascular and pain regulatory relationship, such as the
nucleus tractus solitarius, nucleus raphe magnus, periaqueductal gray, rostral ventrolateral
medulla and locus coeruleus, are all potential sources of noradrenergic influences on
descending pain modulation. 24 26: 36 Animal studies provide substantial evidence of the
role of supraspinal alpha-2-adrenergic descending pathways in mediating the relationship
between blood pressure and pain sensitivity. For example, pharmacological blockade of the
adrenergic receptors or lesioning of the brainstem adrenergic system reverses or eliminates
hypertension associated antinociception.36-38 In humans, higher blood pressure is associated
with both elevated pain tolerance and increased blood levels of norepinephrine.37-38
However there is no direct evidence of the a-2-adrenergic system in the blood pressure /pain
sensitivity interaction in humans.®

To our knowledge this is the first prospective study demonstrating a functional interaction
between the cardiovascular system and postoperative pain sensitivity following endodontic
therapy. The frequency of postoperative pain observed in this study is similar to that
reported in other studies on endodontic patients.39-43 The factors known to be correlated
with postoperative pain include preoperative swelling, tenderness to percussion prior to
initiation of treatment, previous chronic pain problems, and the presence of preoperative
pain in the tooth.#4-46 We did not recruit patients who presented with an abscess or swelling
around the affected tooth. While other studies suggest that previous chronic pain conditions
are associated with increased postoperative pain, we did not see a significant correlation
between the presence of facial or bodily pain and the intensity or duration of postoperative
pain in this study. This may due to the fact that the study was underpowered as only twenty-
five percent of the subjects in the present study reported chronic or persistent pain. Prior
studies have reported that the administration of antihypertensive medications result in
decreased pain sensitivity.#” None of the subjects in this study were taking antihypertensive
medications.

While most studies evaluating the interaction between the cardiovascular and pain
regulatory systems have reported an association between elevated blood pressure and
reduced pain sensitivity, fewer studies have reported the opposite?8-50. For example
fibromyalgia patients have higher resting systolic and diastolic blood pressure as compared
to pain free controls*8. Hypertension is reported to be risk factor for migraine
chronification?®:50, It has been proposed that hypertension exacerbates the effects of
migraine on the vascular wall and thus enhances the endothelial dysfunction in cerebral
vasculature?®. Results of a recent systematic review suggest that angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers may have a role in migraine
prophylaxis®0.

This study has several limitations. Preoperative arterial blood pressure was measured only
once in this study and was measured using a wrist cuff monitor. An average of at least three
readings obtained using an arm cuff monitor would have been a better estimate of resting
blood pressure. Comparison of blood pressure values and pain ratings prior to treatment
would then have provided valuable information. We did not obtain information about
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parental history of hypertension and exercise history. Both of these are known to affect the
relationship between blood pressure and pain sensitivityl3-15 While patients recorded their
postoperative pain intensity, they were not asked to record the period of time for which they
experienced pain. In the present study mechanical allodynia was defined as pain on gently
tapping the tooth with a finger. Quantitative measurement of mechanical allodynia in the
pre- and postoperative period would have been a better approach. We did not evaluate the
subjects for anxiety and stress, which may have affected elevated blood pressure as well as
pain sensitivity®1:52. In future studies a consultation appointment will provide an opportunity
for measuring blood pressure in a more relaxed environment.

While the results of this study support an interaction between the cardiovascular system and
acute postoperative pain, future studies are needed to elucidate the mechanism underlying
this interaction. Continuing this line of research will enhance our ability to manage and / or
prevent odontogenic pain associated with clinical procedures.
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Figure 1.
Scatter plot showing the negative correlation between preoperative systolic blood pressure

and pain on the first postoperative day in patients undergoing endodontic therapy. Patients
(N=73) rated their pain intensity on a 100mm visual analog scale. Linear regression was
performed to assess the relationship between preoperative systolic blood pressure and
postoperative pain. The regression line is shown on the graph. r=-0.24, p=.03
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Scatter plot showing the negative correlation between preoperative pulse pressure and pain
on the first postoperative day in patients undergoing endodontic therapy. Patients (N=73)
rated their pain intensity on a 100mm visual analog scale. Linear regression was performed
to assess the relationship between preoperative pulse pressure and postoperative pain. The
regression line is shown on the graph. r=-0.32, p=.005
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Preoperative blood pressure variables in patients undergoing endodontic therapy.

Table 1

Minimum | Maximum | Mean+SE
Systolic blood pressue (mm Hg) 94 164 126+1.8
Diastolic blood pressure (mm Hg) 60 95 78+1.1
Heart Rate (beats/minute) 47 103 72+1.1
Pulse Pressure (mm Hg) 20 82 48+1.5
Mean Arterial Pressure 73 118 94+1.2
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