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Aims: To investigate whether acute dental pain due to pulpal or periapical
inflammation is associated with increased expression of cortisol and inflammatory
markers and mediators in the saliva, as well as changes in salivary flow rate.
Methods: Patients experiencing pain (n = 42) were recruited when seeking
emergency dental treatment. A O to 10 numeric rating scale (NRS) was used as
a measure of the severity of pain, and the number of days with pain sensation
was also recorded. Unstimulated saliva was collected for 3 minutes (salivary
flow measured in mL/minute) and stored at —80°C. Saliva was analyzed for the
biomarkers cortisol, C-reactive protein (CRP), and cytokines interleukin-18 (IL-18)
and interleukin-6. In addition, the participants completed a simple questionnaire
about stress-inducing factors such as insomnia, dental anxiety, or home/workplace
stress. Patients received a dental examination and diagnosis (eg, symptomatic
pulpitis/apical periodontitis or acute apical abscess), which was confirmed during
dental treatment. The control group (n = 39) consisted of participants without any
pain and no known medical or dental problems. Results: Patients experiencing
acute pain due to pulpal or periapical inflammation had a mean NRS score of
7.0 £ 2.69. The mean duration of pain was 6.5 £ 7.9 days. There was no significant
difference in pain level between male and female subjects, tooth type affected,
or diagnosis. Higher levels of cortisol, IL-1B, and IL-6 and increased salivary flow
were detected in patients with pain when compared to controls (P < .05). CRP was
higher in patients with acute pain compared to control participants without pain, but
this difference was not statistically significant. Stress at home or the workplace was
reported by 79% of patients experiencing pain and by 28% of control participants.
Conclusion: Acute dental pain due to pulpal or periapical inflammation was
associated with an increase in salivary cortisol, IL-1B, and IL-6 levels and in salivary
flow rate. Stress arising from home or the workplace may aggravate a symptom-
free pulpal or periapical inflammation to an acute phase. Inflammation in the pulp
and periapical region can have effects in regions remote from the disease site.
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pain rating scale due to the dense innervation of the dental pulp

by nociceptive fibers."? The most frequent cause of activation of
these nociceptive fibers is inflammation of the dental pulp (ie, pulpi-
tis) due to untreated dental caries. Pain symptoms localized to teeth
are among the most frequently experienced orofacial pain complaints.®
Since the dental pulp lacks collateral blood circulation, inflammation
due to untreated caries or other factors often progresses to partial
and then complete necrosis without healing. Inflammatory mediators
and bacterial toxins released from the necrotic dental pulp exit via the
apical foramen into the alveolar bone, creating periapical inflammation
(ie, apical periodontitis). In both pulpal and periapical inflammation,
a wide range of cytokines and neuropeptides are released locally.*~®
Pro-inflammatory cytokines interleukin-1 beta (IL-18) and interleukin-6
(IL-6) are released in the inflamed dental pulp and are involved in the
progression of endodontic disease.®’

Pain of endodontic origin can reach the maximum intensity on any
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Interestingly, endodontic diseases can progress
without any symptoms. Experiencing acute dental
pain of sudden onset is a potentially stressful event
that results in patients seeking emergency dental
treatment. Stress activates the sympathoadrenal
axis to secrete catecholamines and the hypotha-
lamic-pituitary-adrenocortical (HPA) axis to secrete
cortisol. Because the sympathetic nervous system
is an important modulator of immune reactions,® its
activation can affect inflammatory reactions, which
are also shown in the dental pulp and the periapical
region.® Cortisol, a steroid hormone released from
the adrenal glands in response to stress, is respon-
sible for activating the body’s “fight-or-flight” re-
sponse and also modulates inflammation.®="

Diseases of dental origin have in recent years
been shown to increase systemic levels of C-reactive
protein (CRP).'2'3 CRP is an acute-phase protein
produced by the liver in response to most forms of
inflammation, infection, and tissue damage. CRP syn-
thesis starts about 6 hours after stimuli and peaks
around 48 hours, with a half-life of about 19 hours.
CRP levels are monitored in clinical practice to as-
sess the extent and intensity of many infections.'*
Dental diseases causing increased CRP levels
are also associated with increased risk of cardio-
vascular diseases, atherosclerosis, and stroke.'”'®
Furthermore, a recent study on patients with chronic
kidney disease and necrosis of the dental pulp tissue
reported high systemic levels of CRP and IL-6."°

Cortisol, CRP, and cytokines are secreted in
the saliva, along with most compounds found in
blood.2°-22 Cortisol, IL-6, and salivary flow rate are
influenced by circadian rhythm, which means their
physiologic release varies during the course of a
day.?324 Salivary flow is controlled by the brain and is
affected by sympathetic and parasympathetic activa-
tion. There is a paucity of information on salivary flow
rate in healthy individuals with acute dental pain.

The aim of this study was to investigate whether
acute dental pain due to pulpal or periapical inflam-
mation is associated with increased expression of the
stress hormone cortisol and inflammatory markers and
mediators in the saliva, as well as changes in salivary
flow rate. The hypothesis was that acute pain symp-
toms due to pulpal or periapical inflammation cause
an increase in salivary biomarkers for stress and in-
flammation, as well as changes in salivary flow rate.

Materials and Methods

Participants

This research was approved by the Regional Com-
mittees for Medical and Health Research Ethics
West, Norway, and was carried out in accordance
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with The Code of Ethics of the World Medical As-
sociation (Declaration of Helsinki) for experiments
involving humans. All participants were over 20 years
of age and gave written informed consent. Patients
suffering from systemic diseases; taking medications
such as hydrocortisone and others known or sus-
pected to cause hyposalivation; and/or experiencing
pain of nonendodontic origin were excluded.

Experimental Protocol

A total of 92 participants were recruited in this study:
53 were patients seeking emergency dental treat-
ment for acute dental pain due to pulpal or periapi-
cal inflammation at either the Department of Clinical
Dentistry (Faculty of Medicine, University of Bergen,
Norway) or Tannlegevakten in Bergen (The Public
Dental Services in Hordaland County, Norway), and
39 were control participants. Eleven of the patients
were excluded because of the inability to diagnose
whether pain was of an acute or chronic nature;
chronic infections in other organs; use of cortisol
cream; or an incomplete questionnaire.

To minimize potential effects of circadian rhythm,
procedures were performed between 13:00 and
18:00 hours. Baseline pain levels were recorded on
a numeric rating scale (NRS) from O (no pain) to 10
(worst possible pain). Patients received both clinical
and radiographic examinations. Once a diagnosis was
established, unstimulated saliva was collected over a
3-minute period, during which patients were asked to
sit upright with the head tilted down and to drool into
a funnel attached to a 0.1-mL graded sterile glass
measuring cylinder. Salivary flow was calculated in
mL/minute by dividing the value in the measuring cyl-
inder by three, since it was a 3-minute unstimulated
drool. While waiting for treatment, the participants
completed a simple questionnaire on food intake in
the past 12 hours; use of medications; experience
of dental anxiety; and possible social events at the
home or workplace that the participant considered
stressful at the time of sample collection. The volume
of collected saliva was measured, and then the sa-
liva was transferred to smaller aliquots, transported
on ice, and stored at —80°C until analysis. Diagnosis
was confirmed during treatment and categorized as
symptomatic (ie, painful) irreversible pulpitis; symp-
tomatic apical periodontitis; or acute apical abscess
(swelling). Emergency treatment was comprised of
one of the following procedures: pulpotomy; root ca-
nal debridement; or incision and drainage.

Control participants (n = 39) were age- and
sex-matched as closely as possible. Control par-
ticipants did not experience pain of any origin; did
not have any previous endodontic treatment; had no
known dental or medical problems; and were not on
any medication.
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Table 1 Patient Characteristics
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Characteristics

Patients (n = 42)

Controls (n = 39)

Gender, n
Male
Female

Age (y), mean (SD)

Pain on 0-10 NRS, mean (SD)
Days with pain, mean (SD)
Salivary flow (mL/min), mean (SD)
CRP (pg/mL), mean (SD)

IL-6 (pg/mL), mean (SD)

IL-18 (pg/mL), mean (SD)

Cortisol (ug/dL)
Mean (SD
In male subjects, mean (SD)
In female subjects, mean (SD)

25
17

37.26 (11.37)
7.0 (2.59)
6.5 (7.9)
0.87 (0.45)**
6,126.58 (6,802.77)
34.95 (50.43)*
495.86 (798.04)*

0.39 (0.88)
0.55 (1.13)
0.15 (0.08)

17
22

36.36 (10.86)
0
0
0.70 (0.29)
5,117.38 (4,188.66)
7.36 (8.38)
257.71 (248.59)

SD = standard deviation; NRS = numeric rating scale; CRP = C-reactive protein; IL-6 = interleukin-6; IL-1B = interleukin 1 beta.

*P<.05;"*P < .01

Salivary Data Analysis

Saliva samples were stored at —80°C un-
til assayed commercially using Salimetrics
high-sensitivity salivary enzyme immuno-
assay kits for quantitative determination
of salivary cortisol, CRP, IL-18, and IL-6,
without modification to the manufacturer’s
recommended protocol (Salimetrics LLC).
The test volume was 15 pL. Samples were
thawed to room temperature, centrifuged
at 3,000 rpm for 15 minutes to remove
mucins, and diluted 1:10 prior to assay.
All samples were assayed in duplicates,
and the mean of the duplicates was used
in the statistical analyses. The intra- and
inter-assay coefficients of variation were
between 10% and 15%.

Statistical Analyses

Clinical parameters are presented as
means * standard deviation (SD). Student
t test and Mann-Whitney rank sum test
were used to determine statistically signif-
icant differences between gender groups;
experimental and control groups; patients
with self-reported stress vs no self-re-
ported stress; dental anxiety vs no den-
tal anxiety; and insomnia vs no insomnia.
A step-wise multiple regression analysis
sequentially removing the least significant
variable was performed. One-way analy-
sis of variance (ANOVA) was used to test
differences in NRS pain scores with re-
gard to gender, tooth type affected, and
diagnosis. A Pvalue < .05 was considered
significant. All analyses were performed
using Statistical Package for the Social
Sciences (SPSS, version 22.0, IBM).

Anterior: 7%

Premolar:
24%

C

Acute apical
abscess: 7%

Symptomatic
apical
periodontitis:
31%

Symptomatic
pulpitis:
62%

d

Fig 1 Distribution of (a) age of patients experiencing acute pain and (b) con-
trols; of (c) tooth affected; and of (d) diagnosis.

Results

Clinical parameters of the sample are listed in Table 1. After ap-
plying exclusion criteria, a total of 81 participants were includ-
ed: 42 patients seeking treatment for acute dental pain, and 39
age- and sex-matched controls. Distribution of patients by age,
tooth type, and diagnosis is presented in Fig 1. A majority of
patients with acute pain (85%) had taken medications for pain
relief. These medications were mainly over-the-counter anal-
gesics, such as paracetamol (acetaminophen), ibuprofen (non-
steroidal anti-inflammatory drug [NSAID]), or a combination of
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Insomnia °
No insomnia — ——
Dental anxiety ———
No dental anxiety - °

Self-reported stress - .

No self-reported stress ———
0.0 0.2 0.4 0.6 0.8
Cortisol (ug/dL)

Fig 2 Scatter horizontal error bars for mean cortisol level (ug/dL). There were no signifi-
cant differences within the self-reported stress, dental anxiety, or insomnia groups.

Male — e
Female - —e—
Anterior .
Premolar —————
Molar e
Symptomatic pulpitis ——
Acute apical periodontitis - e
Acute apical abscess °
0 2 4 6 8 10
NRS

Fig 3 Scatter horizontal error bars for mean pain score on 0-10 numeric rating scale
(NRS). There were no significant differences within gender, tooth affected, or diagnosis
with respect to pain sensation.

both. Five patients (12%) had self-medicated with prescription drugs,
such as paracetamol with codeine, ibuprofen with codeine, and anti-
biotics prescribed for another condition. A total of 35 patients (83%)
reported insomnia because of pain even though they had taken medi-
cation, and 3 patients (7%) could sleep after taking analgesics. A total
of 17 patients (40%) reported having dental anxiety, and 33 (79%) re-
ported some kind of stress at home or the workplace. No patients in the
pain group reported that the experience of acute pain was stressful. In
the control group, 28% reported experiencing stress.

As evident from Table 1, cortisol (P < .05), IL-1B (P < .05), and IL-6
(P < .01) levels and salivary flow (P < .01) were significantly higher in
patients experiencing pain compared to control participants. Cortisol lev-
el was significantly higher in male compared to female patients in the
control group (P < .01), but this difference was not significant in the pain
group. There were no significant differences in cortisol levels in pain
patients reporting dental anxiety vs no anxiety, stress vs no stress, or
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insomnia vs no insomnia (Fig 2).
CRP level was not significantly
different between the pain and
control groups. There were also
no significant differences in NRS
scores for pain between female
and male patients, tooth type af-
fected, or diagnosis (Fig 3).

Discussion

In the current study, healthy pa-
tients experiencing acute pain
due to pulpal or periapical inflam-
mation had higher salivary levels
of cortisol, IL-6, and IL-1j3, as well
as higher salivary flow. Within the
control group, male participants
had a significantly higher corti-
sol level than female participants.
There was no gender difference
in pain intensity according to the
NRS. There was no correlation
between pain and the extent of
pulp or periapical inflammation.
There was no difference in CRP
level between patients experi-
encing pain and controls. Self-
reported stress, dental anxiety,
and insomnia did not affect cor-
tisol levels in this study.

Stress and Cortisol

Stress is a disease of the 21st
century. Stress activates the
sympathetic nervous system,
which has an influence on den-
tal inflammation.81011:25-27 A high
cortisol level in the saliva is an
indication of stress.?°?® Cortisol
release by the adrenal gland
follows the circadian rhythm: It
is highest during early morning
and falls during the day. In order
to avoid circadian variations, all
procedures were undertaken be-
tween 13:00 and 18:00 hours,
when the cortisol level is stable.
In the control group, male and
female participants showed a
significant difference in cortisol
level, which is consistent with
previous studies.?®3° Patients ex-
periencing pain had a significant-
ly higher cortisol level compared
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to the control participants. A high percentage of pa-
tients experiencing pain also reported having home
and workplace stress, insomnia, and dental anxiety.
Patients experiencing insomnia and dental anxiety
did not show significant differences in cortisol levels
compared to patients with no insomnia or dental anx-
iety in this study. This finding is in accordance with a
recent study on patients with dental phobia who did
not have significant differences in cortisol level.®!

It may be possible that the acute dental pain ex-
perienced by the patients may have increased the
cortisol level in this study; however, none of the pa-
tients reported that experiencing pain was stressful.
In addition, a recent clinical study on intensive care
patients after a major surgery concluded that cortisol
was not a useful marker for pain and that its use as
a marker for pain is questionable.®? The high cortisol
level in patients experiencing pain could be due to the
self-reported stress, since a large number of patients
(79%) in this study also reported having stress at the
workplace, home, or both.®® The control participants
in this study were selected for not having any previ-
ous endodontic treatment or known endodontic dis-
eases; however, a small number (28%) also reported
experiencing stress. The severity of the stress among
the two groups was not investigated in detalil in this
study, but increased salivary cortisol as a result of
stress has been shown to be associated with aggra-
vation of diseases such as periodontal disease, atop-
ic dermatitis, and asthma.28:34-37

Neuropeptides and Stress

Stress has also been shown to cause the release
of the neuropeptide substance P, enhance neuronal
plasticity, and cause neurogenic inflammation, there-
by aggravating an inflammatory response.'®':38-40
Substance P is a neuropeptide found extensively in
the dental pulp that is involved in pain mechanisms
and is upregulated during inflammation of the dental
pulp.425:41

Acute Dental Pain

Although the dental pulp is densely innervated, the
inflammation can be symptomatic or asymptomatic.*?
The incidence of a tooth presenting with pulp necro-
sis and periapical inflammation with no history of pain
is reported to be up to 60%.4%44 Mechanisms caus-
ing pain in the dental pulp and periapical region are
poorly understood. One theory for asymptomatic ir-
reversible pulpitis is that pulpal inflammatory cells re-
lease opiates, which can negate painful symptoms.*®
However, this does not explain why a symptom-free
tooth may become symptomatic, as it has been clini-
cally observed that the dental pulp undergoes differ-
ent stages of degeneration, and there is no specific
stage in the inflammatory process that can be pin-
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pointed as acute or painful during inflammation of
the dental pulp. Recent advances in pain studies
indicate that there is a psychosocial component to
orofacial pain*é; it can therefore be speculated that,
in this study, stress may have triggered an under-
lying inflammatory state or a subclinical infection
to an acute phase, turning asymptomatic irrevers-
ible pulpitis to symptomatic irreversible pulpitis or
asymptomatic/chronic apical periodontitis to symp-
tomatic apical periodontitis or acute apical abscess.
This theory is supported by the recent proposition
that stress around the time of an inflammatory chal-
lenge enhances the inflammatory response, with del-
eterious effects on chronic inflammatory diseases.*°
The authors speculate that stress experienced at
home or the workplace may have triggered the acute
pain sensation.

Cytokines

Pro-inflammatory cytokines IL-18 and IL-6 have a
broad spectrum of biologic events and play a key
role in regulating inflammatory responses. Cytokines
are produced by different types of cells, including
macrophages, monocytes, T-cells, and fibroblasts.
IL-6, originally described to differentiate B-cell into
immunoglobulin-producing plasma cells, also activates
osteoclasts to induce bone resorption, like IL-1B.4” As
pulpal inflammation progresses toward the alveolar
bone to cause periapical inflammation, it is not sur-
prising that the expressions of bone-resorbing cyto-
kines such as IL-1B and IL-6 were elevated. Cytokines
have been reported to be increased locally in inflamed
dental pulp and periapical tissue,®” but this is the first
time an increase in secretion has been reported in a
remote region, such as the salivary glands.

IL-6 is also involved in the acute phase response,
being the main inducer for CRP production by he-
patocytes. Acute phase response is a rapidly induced
inflammation associated with infection, tissue dam-
age, or injury that results in fever and CRP produc-
tion." CRP levels are elevated in other oral diseases,
such as periodontal diseases.'?'348 |L-6 is significant-
ly higher in patients with acute dental pain, but CRP
is not. This is in accordance with previous studies on
plasma CRP levels in patients with endodontic prob-
lems reporting that IL-6, rather than CRP, is a better
indicator of odontogenic infections.” The utility of sal-
ivary CRP in monitoring endodontic pain is currently
unknown; however, in severe odontogenic infections,
CRP is used as a measure for severity of disease be-
fore hospitalization.'*'® The patients with acute dental
pain in this study were in good general health when
they sought emergency treatment; however, a major-
ity had taken medication to alleviate pain symptoms
prior to the dental visit, which may have affected the
levels of cortisol and inflammatory markers and could
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therefore be considered a limitation. Despite this, no
significant differences were found in the analysis of
salivary biomarkers.

Salivary Flow Rate

An interesting finding in this study is the high sali-
vary flow in patients experiencing pain. Nociception
has been shown to be modulated by vagal affer-
ents, which have a parasympathetic component.#9-5'
Therefore, pain and activation of the HPA axis may
have increased salivary flow via parasympathetic
stimulation of the salivary glands. On the other hand,
substance P has also been reported to increase sal-
ivary flow.27%4 As substance P, a sensory neuropep-
tide commonly found in the dental pulp, is increased
and released during pulpal inflammation,*2%4! it is
possible that this may have stimulated the salivary
flow observed in patients with acute pain. Further in-
vestigations are needed to elucidate this observation.

One of the limitations of this study is that sali-
va was used as a diagnostic tool rather than blood,
which has a well-established normal reference range.
However, most compounds found in blood are also
present in saliva,?! and technical advances in recent
years have made it possible to quantify very small
quantities of compounds secreted in saliva.?®%¢
Salivary cortisol and CRP levels are closely correlat-
ed with blood levels.2°%” Collection of saliva sam-
ples is noninvasive, safe, inexpensive, and a reliable
method of studying systemic levels of cytokines and
inflammatory factors.®® It is therefore an ethical meth-
od to use among patients experiencing pain. Another
limitation of this study is that stress and dental anx-
iety were self-reported by patients, and no validated
guestionnaires were used. Since this is a preliminary
study suggesting a correlation between acute dental
pain and stress, further studies are needed to ad-
dress this correlation in detail.

To the present authors’ knowledge, this is the
first study that implies a potential psychosocial com-
ponent to acute dental pain of endodontic origin.
Further studies are needed to explore this aspect
when studying pain mechanisms in the dental pulp.

Conclusions

Acute dental pain due to pulpal and periapical in-
flammation was associated with an increase in sali-
vary cortisol, IL-1B, IL-6, and salivary flow rate. Stress
arising from the home or workplace may aggravate
asymptomatic pulpal and periapical inflammation to
an acute phase. Salivary flow is increased during
acute pain in the oral cavity. Inflammation in the pulp
and periapical region can have effects in regions re-
mote from the disease site.
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