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Vital pulp therapy (VPT) is a viable treatment option for carious teeth with exposed pulps.

To our knowledge, no study has examined the correlation between postoperative pain

and the outcome of VPT on asymptomatic permanent teeth. The aim of this study was to

examine whether odontogenic pain experienced after VPT on asymptomatic teeth with

a carious pulp exposures is correlated with the progression of pulpal disease into a more

inflamed or necrotic state. Direct pulp caps or partial pulpotomies using a tricalcium

silicate (MTA Angelus, Angelus, Londrina, Brazil) were performed on asymptomatic

permanent teeth using a standardized protocol. Patients were contacted at 24 h, 1

week, and 3 months following treatment and data was collected on post-operative pain

and analgesic intake using a standardized questionnaire. At 6 months after treatment,

an in-person clinical exam was performed which included standard vitality tests along

with exposure of a periapical radiograph. Success was defined as an asymptomatic,

functional tooth without any clinical or radiographic pathology. Data was analyzed using

logistic regression. VPT was successful in 84.3% of patients at the 6 months timepoint.

The percentage of patients that experienced pain at 24-h, 1 week, and 3-month time

periods was 38, 22, and 12%, respectively. Pain at 3 months was significantly correlated

with decreased outcome (p = 0.028). This data suggests that postoperative pain in the

first 3 months after VPT is predictive of a poor treatment outcome.

Keywords: vital pulp therapy, caries, pain, predictors, treatment outcome

INTRODUCTION

Developing minimally invasive biologically based therapies is an emerging theme in dentistry. Pulp
capping and partial pulpotomy procedures are minimally invasive and are designed to manage the
bacterial contamination, stimulate formation of reparative dentin, and restore homeostasis in the
pulp. The long-term goal of these procedures is the preservation of functional teeth with healthy
pulps and periapical tissues.

The traditional treatment for teeth with carious pulp exposures is to perform non-surgical
root canal treatment. Justification for this treatment is often based on the American Association
of Endodontists’ definition of asymptomatic irreversible pulpitis- “A clinical diagnosis based on
subjective and objective findings indicating that the vital inflamed pulp is incapable of healing” (1).
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While vital pulp therapy has always been an option for
teeth with carious pulp exposures, it is rarely performed
due to lack of predictability. Recent publications provide
evidence that vital pulp therapy is a viable and predictable
treatment option (2–6).

The reported success of vital pulp therapy, specifically partial
pulpotomies and pulp capping procedures, ranges from as low
as 37% to as high as 97% (2, 3, 7–11). Much of the variability in
success rates across these studies is likely due to differences in
study design and the materials used. Earlier studies on vital pulp
therapy used calcium hydroxide, while more recent studies used
tricalcium silicates (2–5, 7–12). It is clear from these studies that
the use of tricalcium silicates is associated with higher success
rates than calcium hydroxide (4, 6, 12). Data from these studies
also suggests that factors such as age, gender, tooth type, and
location of pulp exposure may influence the outcome of this
treatment (2, 4, 6–10, 12–14).

A report on the outcomes of randomized clinical trials on
the management of deep carious lesions noted that patients
who experienced pretreatment pain were less likely to have a
successful outcome as compared to those who had no pain (P
= 0.03) (15). Studies on conventional root canal treatment also
show that pain before and during treatment is strongly associated
with a less optimal treatment outcome (16, 17). Thus, suggesting
that pain is a predictor for pulpal and periapical healing
following dental interventions. This prospective, observational
study tests the hypothesis that pain experienced after partial
pulpotomy and pulp-capping procedures is correlated to the
treatment outcome.

MATERIALS AND METHODS

This study was approved by the office of Human Ethics
and Research at our Institution (#15-2275). Written informed
consent was obtained from 73 healthy patients (aged 15 years or
older) whomet the study criteria. Inclusion criterionwere carious
pulp exposure on an asymptomatic mature, permanent tooth.
Exclusion criteria included severe systemic disease determined
as American Society of Anesthesiologists score of ≥ 3, a history
of pain indicative of irreversible pulpitis (e.g., patient presents
with or reports history of spontaneous pain and/or exaggerated
pain to thermal stimuli), presence of periapical disease (pain on
percussion or a periapical radiolucency) and inability to obtain
hemostasis at the pulpal exposure site.

Partial pulpotomy and pulp capping procedures were
performed by 3rd- and 4th-year dental students under the direct
supervision of study investigators (MS-A, TT, and WY). The
first step in the standardized protocol was to isolate the tooth
with either a rubber dam or Isolite (Isolite Systems, Santa
Barbara, Calif) after obtaining local anesthesia. Caries removal
was then completed and verified by the use of a caries dye
indicator (Sable Seek, Ultradent Products, South Jordan, UT,
USA). Next, if hemorrhage was noted a partial pulpotomy
was performed with a sterile 1mm diameter round diamond
bur (Endo-Access Bur, Dentsply Maillefer, WoodBridge, ON,
Canada) and a sterilized cotton pellet soaked in 4.25% sodium

hypochlorite was placed with firm pressure for 60 s over the
exposure site. If hemorrhage was noted from the pulp upon
removal of the cotton pellet, the procedure was repeated
for up to three times to obtain hemostasis. The tooth was
excluded from the study if hemorrhage continued after three
attempts. If hemostasis was achieved, a 3mm thick layer of a
tricalcium silicate (MTA Angelus, Angelus, Londrina, Brazil)
was placed over the exposure site with a Dovgan carrier
(Quality Aspirators, Duncanville, Texas). A resin-modified glass
ionomer (VitrebondTM, 3M, Maplewood, MN) was placed over
the tricalcium silicate and light cured. Amalgam (Dispersalloy,
Denstply Sirona, Charlotte, NC) or a resin based restorative
material (Filtek Universal Restorative, 3M, Maplewood, MN)
was used to restore the tooth and a periapical radiograph
was exposed. If no hemorrhage had been noted on caries
removal, then a direct pulp cap was placed as described
above. Data on intra-operative variables such as tooth type,
location of pulpal exposure, size of the exposure (> or <

1mm; measured using a 1mm round bur), number of attempts
needed to obtain hemostasis and type of permanent restoration
were recorded.

Patients were contacted via phone call at 24 h, 1 week, and
3 months after the procedure and a standardized questionnaire
was used to collect data on the incidence and intensity of post-
operative pain (on a 11-point numerical scale) and on analgesic
use. Pain intensity rated as <3 was defined as mild pain, 4–6
was defined as moderate pain and, that more than seven was
defined as severe pain. Patients experiencing moderate to severe
pain were re-evaluated and additional treatments (pulpectomy
or extraction) performed if indicated. Six months after the
procedure patients returned for a clinical examination. The exam
included standard diagnostic tests such as percussion, palpation,
mobility, and periodontal probing. Pulp vitality was determined
by using a cold stimulus (EndoIce, ColtèneWhaledent, Cuyahoga
Falls, Ohio) as well as the electric pulp tester (Vitality ScannerTM,
Kerr, Brea CA). A periapical radiograph was also exposed. The
treatment outcome was determined to be successful if the tooth
was asymptomatic, responded normally to all diagnostic tests
and, was not associated with any radiographic pathology. If any
additional endodontic treatment had been performed on the
tooth after the vital pulp therapy procedure, it was considered a
failure. All clinical examinations were performed by standardized
operators (M S-A, TT, and WY).

Data Analysis
Sample size analysis was based on prior studies on vital pulp
therapy (7–9). The main outcome variable for this study was
success or failure. The “R” function “glm” for generalized
linear model with family (success/failure) as “binomial” was
used to analyze the data. We also examined the data for
associations between selected peri-operative predictors and post-
treatment pain. For size of the exposure, the data was log
transformed and linear regression was fit with the predictor
and outcome variable. Significance was set at p < 0.05. All the
statistical analysis was performed in R statistical software (version
3.2.3, www.cran.r-project.org).
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RESULTS

Seventy-three patients were recruited to the study of which
seventy-one patients were available for the 24-h and 1-week
follow-up phone calls. Fifty-five patients were available for 3-
month phone calls and 51 patients presented for the 6-month
clinical follow-up. Patients ranged in age from 15 to 78 years old
(median age was 45). Sixty-seven percent of patients were female.
Forty-seven percent of the teeth treated were anterior teeth, 26%
were premolars and the remaining 47% were molars.

Regarding hemorrhage control, it was noted that in 78% of
teeth hemostasis was immediately achieved without the need for
partial pulpotomy, 21% of teeth needed a single attempt of partial
pulpotomy to achieve pulpal hemostasis, and 1% of teeth needed
two attempts of partial pulpotomy to achieve pulpal hemostasis.
Regarding the locations of the pulpal exposure sites in 14 teeth
it was on the buccal/lingual surface, in 16 teeth it was on the
occlusal surface and in 40 teeth it involved the interproximal
surfaces. The size of the exposure ranged from 1 to 4.5mm
(Figure 1).

Sixty-five percent of patients experienced pain in the 24-h
post-treatment period. The incidence of post-operative pain as
well as the intensity of pain decreased over time with most (83%)
patients being pain free after 3 months (Figures 2, 3). A similar
trend was noted with analgesic intake (Figure 4). The study
patients took a wide variety of analgesics including ibuprofen
(200–800mg) and acetaminophen (500mg). Only 1 patient
used hydrocodone with acetaminophen (5 mg/325 combination)
and one other patient took codeine with acetaminophen (30
mg/300mg combination) for post-operative pain relief. Both
narcotics were taken at the 24-h time point. Analgesic intake
decreased in a time-dependent manner from 30% to 19% to
9% at the 24-h, 1 week, and 3-month time points, respectively.
Detailed information on cases which failed to heal is shown
in Table 1.

The success rate at 6 months after treatment was 84.3%.
Using the generalized linear model with predictors—pain at
24 h, pain at 1 week and pain at 3 months, tooth type
and Patients’ age, we found that pain at 3 months is
significantly associated with failure (p = 0.028). We also
noted marginal significance between patients’ age and failure
(p = 0.059) with failure rates being higher in older patients.
On analyzing our data for an association between exposure
size and post-treatment pain, a marginal significance (p =

0.0596) was noted between exposure size and pain at 24 h. No
associations were noted between the other factors evaluated
(gender, tooth type, and exposure site) and treatment outcome
or perioperative pain. The two additional factors evaluated,
gender type and exposure site, were not associated with
treatment outcome.

DISCUSSION

Within the specialty of endodontics, information on pain is
used to make the diagnosis, and to anticipate the need for
additional anesthetics and post-operative analgesics. However,
it is rarely used a predictor for treatment outcome. To

FIGURE 1 | Distribution of pulpal exposure size.

our knowledge, this is the first pragmatic study to evaluate
the relationship between post-treatment pain and treatment
outcome in endodontic patients. Our results suggest that
contacting patients in the first 3 months after treatment to
inquire on post-operative pain will help in early recognition of
treatment failures.

Several trends were noted on the post-operative pain reported.
First, approximately one-third of patients who underwent the
procedure experienced some level of postoperative pain. In a
majority of the patients the pain was most intense in the first
24 h and resolved completely after 1 week. Second, the data
shows that mild to moderate pain in the immediate postoperative
time period is not associated with failure. Lastly, while most
patients did not feel the need to take analgesics after VPT, those
that did, took them in the earlier postoperative periods. This
is valuable information for clinicians who can use it to inform
their patients on what to expect after pulp capping or partial
pulpotomy procedures.

With a p-value of 0.028, there is a significant association
between continued pain at the 3-month time point and the
unfavorable outcome of VPT. Conversely a lack of pain may
indicate continued improvement in the pulpal status. This data
suggests that the 3-month post-treatment evaluation point is
critical for predicting long term prognosis, and that complete
endodontic evaluation should be undertaken at that time.
Reevaluation of the prognosis at 3 months, may be an indication
that additional restorative or prosthetic treatment on the tooth
can proceed. Thus, the dentist and patient can confidently
proceed with additional treatment if, at 3 months, the tooth still
exhibits lack of clinical and radiographic pathology, while also
being asymptomatic.

This pragmatic study on the outcome of vital pulp therapy
is unique in that the treatment procedures were performed
by dental students. While these students had been trained
on the protocol and were supervised by dental faculty, their
skills were still being developed at the time of the study.
In spite of this, the treatment had a high success rate
in maintaining pulp vitality. Thus, providing evidence of
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FIGURE 2 | Incidence of post-operative pain. Patients were contacted via phone call at 24 h, 1 week, and 3 months after the procedure and a standardized

questionnaire was used to collect data on the incidence of post-operative pain.

FIGURE 3 | Intensity of post-operative pain. Patients were contacted via phone call at 24 h, 1 week, and 3 months after the procedure and asked to rate their pain

intensity on a 11-point numerical scale.

the short learning curve needed to learn how to perform
this treatment.

VPT is an excellent treatment option to address pulpal
involvement during restorative procedures and to increase the
likelihood of preserving pulpal vitality. It is an important third
option in addition to root canal treatment or extraction for
asymptomatic teeth with cariously exposed pulps. Patients with
limited financial resources who often choose extraction over
root canal treatment, now have the option to maintain their
vital teeth.

Pain associated with pulpitis results from activation and/or
sensitization of nociceptors by inflammatory and immune
mediators released in response to microbial infections or
injury. Post-treatment pain after a pulp capping procedure
is also a result of similar mechanisms. It is also likely
that the treatment procedures themselves induce a transient
inflammatory response. Pulpitis pain is inflammatory and does
respond to anti-inflammatory drugs such as NSAIDs and
steroids. As evidenced by this and other studies, NSAIDs
were very effective in attenuating the post-treatment pain. In
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FIGURE 4 | Analgesic use during the post-treatment period. Data on analgesic use was collected by calling the patients at 24 h, 1 week, and 3 months after the

treatment.

TABLE 1 | Cases which failed to heal after Vital Pulp Therapy.

Case Age Tooth number Sex Days till failure was detected Location of exposure site Notes

1 62 31 Female 6 Occlusal Crack noted

2 76 3 Male 182 Mesio-facial Pulpal necrosis

3 33 14 Male 7 Distal No data available

4 78 22 Female 182 Distal PARL PN/AAP

5 78 23 Female 133 Distal PARL PN/AAP

6 39 4 Female 233 Mesio-occlusal SIP/SAP

7 33 15 Female 128 Mesio-occlusal PN/SAP, Caries noted under restoration

8 45 14 Male 7 Mesial PN/AAA

PARL, Periapical radiolucency; PN, Pulpal necrosis; AAP, Acute apical periodontitis; SIP, Symptomatic irreversible pulpitis; SAP, Symptomatic apical periodontitis; AAA, Acute

apical abscess. Most failed cases received non-surgical endodontic treatment at our institution enabling us to note the clinical diagnosis and other pertinent information.

conclusion, this study provides evidence that post-treatment pain
is a predictor of treatment outcome after VPT procedures in
asymptomatic teeth with carious pulpal exposure. Our data also
support the high success rate of VPT, and the short learning
curve required to perform this procedure with a high degree
of confidence.
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