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Predicting intraoperative pain in
emergency endodontic patients:
clinical study

Abstract: This prospective observational study sought to investigate the
incidence of intraoperative pain (IOP) among emergency endodontic
patients and to construct an IOP prediction model that includes
preoperative pain level (PPL). All patients who underwent emergency
endodontic treatment at Gazi University, Ankara, Turkey, during the spring
term of 2016 were considered for inclusion in the study. Demographic and
clinical variables and PPL were recorded. Local anesthesia was provided
to all patients before beginning routine endodontic treatment. IOP was
defined as the condition of requiring supplementary anesthesia before
the working length was established and exhibiting persistent moderate
or severe pain despite supplementary anesthesia. Data from 85% and
15% of 435 patients (178 men, 257 women; mean age: 35 years) were used
to develop predictive models by multiple logistic regression analysis and
to test external validity of the models, respectively. Two multiple logistic
regression models achieved good model fits. Model 1 included age, pulpal
diagnosis, and arc (p < 0.05). In addition to these variables, Model 2
included periapical diagnosis and PPL (p < 0.15). Models 1 and 2 showed
accuracies of 0.76 and 0.75, sensitivities of 0.74 and 0.77, and specificities
of 0.76 and 0.74, respectively for the modeling data (internal validity), and
accuracies of 0.82 and 0.80, sensitivities of 0.83 and 0.67, and specificities of
0.81 and 0.81, respectively for the control data (external validity). The IOP
incidence was 10.3%. IOP in patients undergoing emergency endodontic
treatment can be successfully predicted by using models that account for
demographic and clinical variables, including PPL.

Keywords: Anesthesia, Dental; Emergency Treatment; Endodontics;
Forecasting; Measurement.

Introduction

Intraoperative pain (IOP) during endodontic treatment is a difficult condition
for both the patient and the dentist, and may occur despite administration of
adequate local anesthesia. IOP may be due to the use of defective solutions,
anatomic variations, and patient anxiety.! Moreover, inflammation-related
changes, including an increased responsiveness to stimuli, lowered pain
threshold, and neuronal phenotypic changes due to peripheral and central
sensitization,>* can cause IOP during endodontic treatment. A few clinical
studies have investigated the relationship between demographic and clinical
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variables and the occurrence of IOP during endodontic
treatment. These studies generally concluded that
mandibular molar teeth with pulpal inflammation
have the greatest risk of developing IOP*®

Teeth that are sensitive before treatment are
difficult to anesthetize.® One recent study identified
the “presence of preoperative pain within the previous
24 hours” as a predictive factor for IOP in a multiple
logistic regression model.” Another recent study,
categorizing patients according to their preoperative
pain level (PPL), found that IOP during endodontic
treatment increased with an increase in the severity
of the PPL.® Therefore, PPL may be an important
variable in predictive models of IOP.

Endodontic pain is one of the most common
reasons that patients seek dental or medical emergency
services.”!® Clinicians should sympathize with
the distressed patient and seek to alleviate the
pain. However, alleviation of preoperative pain in
symptomatic endodontic patients through anesthesia
does not guarantee a completely pain-free treatment
session, as pain may be provoked during treatment."
The use of models that can predict whether an
emergency endodontic patient will experience IOP
would allow the clinician to take necessary precautions
to prevent additional pain. Therefore, the aims of
this study were to assess the incidence of IOP among
emergency endodontic patients receiving treatment at
a dental faculty clinic and to construct a model from
demographic and clinical factors, including PPL, for
predicting the probability of IOP.

Methodology

This study was approved by the Ethical Review
Board of Kecioren Training and Research Hospital,
Ankara (2012-KAEK-15/1040; Dec 09, 2015).

Radiographic calibration of observers
Three observers (O.Y.,, M.E,, and G.K.) were
calibrated regarding their application of the periapical
index (PAI; visual material provided by Dr. Dag
@rstavik)'? before any clinical data were collected.
Cohen’s kappa (k) values were calculated to compare
observers’ scores to reference scores. k values ranged
from 0.74 to 0.96, indicating substantial to almost-
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perfect agreement.”® Applying the PAI, observers
independently examined 95 digital radiographs
obtained on 3 consecutive clinical days and classified
periapical status as “healthy” (scores 1 and 2) or
“diseased” (scores 3 to 5). Fleiss k value of interobserver
agreement was 0.79 (> 0.75, indicating excellent
agreement beyond chance).* At least 6 weeks after
the first rating, observers performed a second rating
of 50 randomly selected radiographs. Cohen’s k values
of intraobserver agreement ranged from 0.80 to 0.96,
indicating substantial to almost-perfect agreement.

Terminology and standards

Cases of endodontic emergency were classified
according to Wolcott et al.”® Established diagnostic
terminologies were used to define pulpal status (normal
pulp, reversible pulpitis, irreversible pulpitis, and pulp
necrosis) and periapical status (normal apical tissue,
symptomatic apical periodontitis, asymptomatic apical
periodontitis, acute apical abscess, and chronic apical
abscess).' Pulp was considered vital if hemorrhage was
observed during access to the pulp chamber or root
canal.” General health status was recorded as “good”
or “not good”,'® with the latter category including
patients with allergies, chronic infectious diseases,
or systemic conditions.

Anesthesia was administered in accordance with
guidelines of the Department of Endodontics of the
Faculty of Dentistry at Gazi University.” All maxillary
teeth and mandibular incisors were anesthetized
with local infiltration anesthesia (1-2 mL). Remaining
mandibular teeth were anesthetized with regional
anesthesia (inferior alveolar nerve block or mental
nerve block; 1.5-2 mL). Supplementary buccal (1 mL)
and lingual (1 mL) or palatinal (0.2 mL) local infiltration
anesthesia was administered as needed. If supplemental
anesthesia was insufficient, then intraligamentary and
intrapulpal anesthesia was applied. Patients quantified
pain levels on the 170-mm Heft-Parker visual analog
scale (VAS), which was divided into 4 categories: no
pain (0 mm), mild pain (1-54 mm), moderate pain
(55-113 mm), and severe pain (= 114 mm).?

Clinical setting and patients
The study was carried out at the Dental Student
Training Clinic of the Department of Endodontics of



the Faculty of Dentistry at Gazi University during the
spring term of 2016 (January 18-May 13; 85 clinical
days). Most emergency treatments were carried out
by residents, although a few patients were treated
by dental students under the supervision of clinical
instructors. Hereinafter, residents and dental students
are cited as “operators”.

Patient inclusion and exclusion criteria

This study included adult patients (age =18 years)
who required nonscheduled, emergency primary
root canal treatment and provided written informed
consent for participation. Patients were excluded from
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the study if they had traumatic dental injury, endo-
perio lesions, multiple teeth requiring root canal
treatment with no ability to differentiate the source of
pain, or a history of previous endodontic treatment.
Patients who were experiencing endodontic flare-up
or facial pain with a nonodontogenic origin were
excluded, as were patients whose tooth to be treated
was already anesthetized before admission. Figure 1
shows the flowchart of patient inclusion in this study.
A total of 9461 patients were admitted to the clinic
for endodontic treatment. We excluded data from
9026 patients who failed to meet the study criteria.
The final dataset comprised data from 435 patients.

Assessed for eligibility
n = 9461 patients

Excluded (preplanned or

scheduled treatments)
n = 8619 patients

Classified as emergency
n = 842 patients
(844 teeth)

Excluded due to primary

exclusion criteria*
n = 384 patients (384 teeth)

Observation started
n = 458 patients
(460 teeth)

Intraoperative pain
incidence analyzed

Excluded due to emerging
conditions**

n = 23 patients (23 teeth)

Observation completed
n = 435 patients
(437 teeth)

Excluded for further

analysis of 1 tooth/patient
n = 2 teeth

Remaining pool of
1 tooth/patient
n = 435 patients
(435 teeth)

85% of patients reserved
for model construction
n = 370 patients
(370 teeth)

15% of patients reserved
for external control testing
of the model
n = 65 patients (65 teeth)

* Reasons: age < 18 years (n = 46), unable to communicate (n = 7), refused to give informed consent/rejected treatment (n = 2), previous
endodontic treatment (n = 61), patient confused the source of pain (n = 36), tooth was already anesthetized for restorative or prosthetic reasons
(n = 73), endodontic treatment not indicated (n = 103), endodontic flare-up (n = 42), dental/dentoalveolar traumatic injury (n = 3), endo-perio
lesion (n = 2), nonodontogenic pain (n = 1), required medical sedation (n = 1), patient postponed treatment (n = 6), and unregistered (n = 1).
** Reasons: patient or operator did not inform of pain although it existed (n = 7), lack of definite pulpal diagnosis/partial necrosis (n = 4),
pain not originating from pulp (n = 3), supplementary local infiltration anesthesia could not be administered due to swelling (n = 3) or due to

patient’s medical condition (n = 1), and observation protocol fault (n = 5).

Figure 1. Flowchart of the study.
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Study protocol

At least one investigator was present in the clinic
throughout the study period. Residents performed
all clinical examinations. Investigators participated
in the examination of patients and the interpretation
of radiographs. Examinations were done via routine
methods (electric pulp test, thermal tests, percussion,
etc). The following demographic and clinical variables
were recorded: age (years), sex (male/female), health
status (good/not good), whether pain was present
within the previous 24 hours (yes/no), whether the
patient had taken analgesic for toothache within the
previous 24 hours (yes/no/yes, but for other reasons),
and pulpal and periapical diagnoses.

Before receiving local anesthesia, the patient rated their
PPL on the VAS. A resident or investigator administered
anesthetic solution (4% articaine hydrochloride with
1:200,000 epinephrine in a 2-mL ampule; Maxicaine,
VEM, Ankara, Turkey) using a 2-mL dental syringe and
27G needle. If the patient had cardiovascular or thyroid
problems, then anesthesia without epinephrine was
used (3% mepivacaine hydrochloride in a 2-mL ampule;
Safecaine, VEM). After injection and confirmation of
anesthesia, the patient was asked to inform the operator
if pain was felt during treatment. Any incidence of
pain during treatment was recorded by the operator.

Patients were asked to rate their pain as soon as the
working length (WL) was established (intraoperative
VAS). If a patient complained of pain before the WL
was established, then supplementary local infiltration
anesthesia was administered. In this case, the patient
was asked to rate the pain after supplementary
anesthesia. If pain persisted, then the observation
was terminated, and the patient was asked to rate the
pain. Intraligamentary and intrapulpal anesthesia was
administered, and routine treatment was continued.
A VAS score of 0-54 indicated successful anesthesia
(coded as 0). A VAS score > 54 indicated unsuccessful
anesthesia (coded as 1; patient registered as having IOP).

Statistical analysis
Incidence of IOP was calculated with consideration
of all clinical data. For logistic regression analyses, only
1 randomly chosen tooth per patient was considered.
Multiple logistic regression models were constructed
and the external validity of the models was tested by
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using data from 85% and 15% of patients, respectively.
Patients were randomly selected for either group by
using the “sample” function in R 3.3.1.* Model validity
was tested by calculating the correct classification rate
(accuracy), sensitivity, and specificity of the models for
predicting presence of IOP. Accuracy was calculated as
[(True Positive (TP) + True Negative (TN)) / (TP + TN
+ False Positive (FP) + False Negative (FN))]. Sensitivity
was calculated as [TP / (TP + EN)]. Specificity was
calculated as [TN / (TN + FP)].

The entry inquiring whether the patient had
“taken analgesic within the previous 24 hours” was
methodological and was not included in model
construction. A p-value of 0.05 or 0.15 was considered
statistically significant. Statistical analyses were
performed in R 3.3.1.%

Resulis

Descriptive profile and incidence of IOP

The final dataset of the 435 patients included 178
men (179 teeth; mean age + standard deviation: 34.7
114.2 years; range: 18-89 years) and 257 women (258
teeth; mean age + standard deviation: 35.7 +13.1 years;
range: 18-70 years). A single tooth was treated in all
cases except for 2 patients who required treatment
of 2 teeth at different times.

Supplementary local infiltration anesthesia was
administered in 178 cases (40.7% of 437 teeth) and
was successful in 133 cases. Thus, the incidence of
IOP was 10.3% (45/437 patients). Numbers of cases
of IOP developing from each PPL stratum were as
follows: none (5/51), mild (10/141), moderate (21/157)
and severe (9/88) PPL. Table 1 reports the distributions
of IOP cases according to tooth type and dental arc.

Univariate analyses

One tooth was randomly selected from each patient
for subsequent analyses. Regarding the methodological
question “Have you taken analgesic for toothache
within the previous 24 hours?”, 27.8% of patients
(121/435) responded “No”, 71.7% (312/435) responded
“Yes”, and 0.5% (2/435) responded “Yes, but for other
reasons”. Among patients giving these responses,
IOP (VAS code 1) was found in 9 (7.4%), 36 (11.5%),
and 0 (0%) patients, respectively, with no significant



difference in IOP incidence between “No” versus
“Yes” respondents (y* test, p = 0.2805). Only 3 patients
answered “No” to the question “Was pain present in
the previous 24 hours?” Therefore, this variable was
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not included in further analyses. Univariate analyses
identified age, pulpal diagnosis, periapical diagnosis,
tooth type, and arc as significant factors influencing
IOP (p < 0.05; Table 2). For the critical analysis of the

Table 1. Descriptive cross table showing rates of intraoperative pain (VAS Code: 1) according to tooth type and dental arc.

Dental Arc Incisor Premolar Molar
Maxilla 0/34 (0) 6/66 (9.09) 3/122 (2.46)
Mandible 0/2 (0) 113 (7.69) 1/43 (2.33) 34/146 (23.29)

*Data represent n (%) among 437 cases.

Table 2. Results of univariate logistic regression analyses of modeling data (n = 370).

Variable VAS: 0; n (%) VAS: 1; n (%) OR (95%Cl) p-value
Age (continuous data) 0.97 (0.94-0.99) 0.0212
Sex

Male (n = 151) 136 (90.07) 15 (9.93) 1

Female (n = 219) 195 (89.04) 24 (10.96) 1.12 (0.56-2.21) 0.7520
Health status

Good (n = 260) 232 (89.23) 28 (10.77) 1

Not good (n = 110) 99 (90.00) 11 (10.00) 0.92 (0.44-1.92) 0.8260
Tooth type

Molar (n = 223) 192 (86.10) 31 (13.90) 1

Nonmolar (n = 147) 139 (94.56) 8 (5.44) 0.36 (0.16-0.80) 0.0123
Arc

Mandible (n = 180) 149 (82.78) 31(17.22) 1

Maxilla (n = 190) 182 (95.79) 8 (4.21) 0.21 (0.09-0.47) 0.0002
Pulpal diagnosis

Irreversible pulpitis (n = 270) 232 (85.93) 38 (14.07) 1

Necrotic pulp (n = 100) 99 (99.00) 1(1.00) 0.06 (0.01-0.46) 0.0063
Periapical diagnosis*

Other (n = 97) 84 (86.60) 13 (13.40) 1

Symptomatic apical periodontitis (n = 273) 247 (90.48) 26 (9.52) 0.68 (0.33-1.38) 0.2880
Periapical diagnosis*

Other (n = 307) 281 (91.53) 26 (8.47) 1

Normal periapex (n = 63) 50 (79.37) 13 (20.63) 2.81 (1.35-5.83) 0.0056
Anesthetic solution

Articaine (n = 340) 303 (89.12) 37 (10.88) 1

Mepivacaine (n = 30) 28 (93.33) 2 (6.67) 0.59 (0.13-2.56) 0.4760
PPL

0-54 (n = 167) 154 (92.22) 13 (7.78) 1

> 54 (n = 203) 177 (87.19) 26 (12.81) 1.74 (0.86-3.50) 0.1210

*Two separate dummy variables were tested for periapical diagnosis. OR: odds ratio, Cl: confidence interval, PPL: preoperative pain level.
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study, the dataset including the complete question list
in the univariate analysis, the distribution of patient’s
answers to each question, and the clinical records
is shown in Supplementary Material (Appendix
Spreadsheet 1). (See the file at: http://www.websitem.
gazi.edu.tr/site/guvenk/files)

Construction of models 1 and 2

We performed multiple regression analyses of
variables that were significantly associated with pain
(VAS code 1) in the univariate analysis. Variables
“periapical diagnosis” and “tooth type” were not
statistically significant and were excluded from the
final attempt. Variables age, pulpal diagnosis, and
arc were retained in the model (p < 0.05). From the
modeling data (1 = 370; 85% of patients), we developed
a strict model with a conventional p value of 0.05
at the entry and retention levels (Model 1, Table 3).
Motivated to include PPL in the prediction model, we
developed a model that accepted a more tolerant p
value (type I error (o) = 15%) at the entry and retention
levels (Model 2). Upon testing age, pulpal diagnosis,
periapical diagnosis, tooth type, arc, and PPL, all
variables except tooth type (p > 0.15) were retained
in the model. Using the modeling data, we developed
a flexible model that included PPL (Model 2, Table 3).

Variance inflation factors for the modeling data
ranged between 1.0010 and 1.0165 for Model 1,
and between 1.0159 and 1.0992 for Model 2. Thus,
there was no multicollinearity problem among the
predictor variables of both models.?? Estimated

probabilities of IOP from Model 1 and Model 2 are
shown in Figure 2.

Internal and external validity of the models

Using the Hosmer-Lemeshow goodness-of-fit
test with the modeling data (85% of patients) and the
external data (15% of patients), we confirmed the good
fits of Model 1 (p = 0.695 and p = 0.694, respectively) and
Model 2 (p = 0.603 and p = 0.852, respectively). These
models provided the probability that a patient would
develop IOP. A patient was predicted to have IOP if
their probability of pain was higher than a threshold
value of 0.125, which was chosen after testing different
threshold values around the IOP incidence of 10%.2 Using
this threshold with the modeling data, we obtained
efficiencies of 0.76 and 0.75, sensitivities of 0.74 and 0.77,
specificities of 0.76 and 0.74, and Akaike Information
Criterion (AIC) values of 214.35 and 212.09 for Model
1 and Model 2, respectively. Using the external data,
we obtained efficiencies of 0.82 and 0.80, sensitivities
of 0.83 and 0.67, and specificities of 0.81 and 0.81 for
Model 1 and Model 2, respectively. Applications of the
two prediction models are presented in Supplementary
Material (Appendix Spreadsheet 2). (See the file at:
http://wwwwebsitem.gazi.edu.tr/site/guvenk/files)

We also attempted to construct a model similar
to Model 2, but using absolute PPL data (numerical,
continuous) instead of a dichotomized entry. However,
the internal and external validity outputs of that
model were inferior to those of Model 2. Therefore,
that model is not presented here.

Table 3. Results of predictive multiple logistic regression models 1 and 2 using modeling data (n = 370).

Model (intercept) Variable (test/reference category) Coefficient OR (95%Cl) p-value
Age (continuous data) -0.04 0.96 (0.93-0.99) 0.0067

Model 1 (0.20) Pulpal diagnosis (necrotic pulp/irreversible pulpitis) -2.76 0.06 (0.01-0.47) 0.0072
Arc (maxilla/mandible) -1.64 0.19 (0.08-0.45) 0.0001

Age (continuous data) -0.04 0.96 (0.93-0.99) 0.0063

Pulpal diagnosis (necrotic pulp/irreversible pulpitis) -2.45 0.09 (0.01-0.66) 0.0180

Model 2 (-0.38) Periapical diagnosis (normal periapex/others) 0.93 2.52 (1.11-5.73) 0.0271
Arc (maxilla/mandible) -1.66 0.19 (0.08-0.44) 0.0001

PPL (> 54/0-54) 0.65 1.92 (0.89-4.18) 0.0983

OR: odds ratio, Cl: confidence interval, PPL: preoperative pain level.
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Figure 2. Estimated probabilities of intraoperative pain according to age from Model 1 and Model 2 (n = 370, each model). In
Model 2, no case fell into the ‘Necr., Max., Normal, PPL 0-54" or ‘Necr., Mand., Normal, PPL > 54’ categories (Abbreviations;
Irrev.: irreversible pulpitis, Necr.: necrotic pulp, Mand.: mandible, Max.: maxilla, Normal: normal periapex, Other: other than
normal periapex, PPL: preoperative pain level, IOP: intraoperative pain).

Discussion

In this study, we developed 2 successful models
for predicting IOP in patients undergoing emergency
endodontic treatment. The models had good fits
for the internal and external data. Pulpal diagnosis
(increased risk for irreversible pulpitis), arc (increased
risk for mandibular teeth), and age (increased risk for
younger age) were common to both models. These
factors are already well-known variables associated
with IOP*57% The novelty in this study was mainly
the integration of PPL in the predictive model.

The percentage of patients requiring supplementary
local infiltration anesthesia and the IOP incidence
in the present study (41% and 10%, respectively)
were greater than those reported in a similar study
(22% and 6%, respectively).” This difference can be
attributed to the different patient profiles of the 2
studies. The present study comprised emergency
patients only, whereas the previous study included
nonemergency patients mostly whose appointments
were scheduled 1 to 1.5 months earlier. Descriptive
data analyses of the studies revealed that the ratio

of irreversible pulpitis diagnoses to other diagnoses
was greater in the present study (2.6 vs 1.6). This
difference partly explains the greater IOP incidence
in the present study.

Periapical diagnosis (increased risk for normal
periapex) was a covariate in Model 2. An explanation
for the association between “normal periapex” and
IOP may be that the likelihood of the presence of
responsive, inflamed pulp tissue is greater when
the periapex is normal, whereas the likelihood of
the presence of nonresponsive, necrotic pulp is
greater when the periapex has transitioned to the
symptomatic status. This finding differs from findings
of previous studies, in which the direction of the
periapical diagnosis was in favor of “symptomatic
apical periodontitis” in cases of IOP.*>”

A previous study of scheduled endodontic patients
found a greater risk of IOP for mepivacaine than for
articaine.” In contrast, anesthetic solution was not a
determining factor in the present study. In the early
stages of pulpal inflammation, the choice of anesthetic
solution does not make a difference, and articaine and
mepivacaine work similarly. This finding is parallel
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to the findings of two randomized controlled clinical
trials performed on emergency endodontic patients
with inflamed pulps.*

The inclusion of PPL and periapical diagnosis in
Model 2 slightly improved the model’s quality (lower
AIC value) and performance (greater sensitivity for
modeling data). The seemingly large difference between
the sensitivities of the two models in the testing of the
external validity resulted essentially from the dissimilar
classification of data from a single patient. Although
PPL was previously found to be a predictive factor
in a multivariate model for postoperative pain,® the
present study extended this finding, showing PPL to be
a predictive factor for IOP. PPL was forced into Model
2 by considering a more tolerant o value (0.15) at the
entry and retention levels. Although it seems arbitrary
to choose an o value greater than the traditional value
of 0.05, researchers have recommended choosing
higher alpha values up to 0.30 to avoid overlooking
potentially important variables.?*?

The clinical use of the developed models may
help clinicians in various aspects. For example,
communicating the possibility of IOP to the patient
prior to treatment would increase the patient’s
confidence in the operator. A predictive model
would give the operator warning and a chance
to enact pain-preventative measures, such as
preoperative prophylactic medication (nonsteroidal
anti-inflammatory drugs, N,O/O, inhalation),"
increased anesthetic volume,”® or supplementary
anesthesia at the beginning of treatment.?”’ Patient
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