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Abstract

Objective: To compare the therapeutic effects of one-time root canal treatment versus two-

time treatment in patients with irreversible pulpitis.

Methods: We classified 130 patients into a one-time treatment group (group A; n¼ 68) and a

two-time treatment group (group B; n¼ 62) according to the number of patient visits. Clinical

efficacy at 6 months and 1 year follow-ups as well as serum levels of interleukin-6, tumor necrosis

factor alpha, and high-sensitivity C-reactive protein before and 1 week after endodontic treat-

ment were observed. Additionally, the level of treatment satisfaction between the two groups

was compared, and the degree of pain was evaluated using the visual analogue scale.

Result: One week after treatment, serum interleukin-6, tumor necrosis factor alpha, and high-

sensitivity C-reactive protein levels were significantly decreased in the two groups; however,

levels in group B were significantly lower than those in group A. Additionally, visual analogue

scale scores of patients in group A were significantly higher than those of patients in group B.

Conclusion: One-time root canal therapy can effectively improve postoperative pain and the

expression of inflammatory factors in the serum of patients undergoing treatment.
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Introduction

Pulpitis is the most common inflammatory

disease in clinical stomatology.1 In the

study by Oliveira et al.,2 more than 57%

of the 1,346 patients who received treat-

ment at specialist endodontic clinics at the

Department of Endodontics, Stomatological Hospital of

Southern Medical University, Guangzhou, Guangdong,

China
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Federal University of Pernambuco between
2003 and 2010 were diagnosed with end-
odontic disease. This high incidence rate
leads to a serious impact on patients’ qual-
ity of life. Pulpitis can be classified as acute
or chronic.3 Chronic pulpitis refers to
chronic lesions that present in the patient’s
pulp tissue. Here, the clinical symptoms of
affected patients are not obvious, and the
patient suffers from tooth pain following
the application of external stimuli. Acute
pulpitis is caused by acute inflammation in
the pulp tissues, mainly induced by deep
caries, but can also be brought on by chron-
ic pulpitis. Both acute and chronic pulpitis
are caused by bacterial infections, and
patients almost uniformly report severe
pain at disease onset.4,5 Clinically, general
analgesic drugs are not effective for pain
management. Furthermore, pulp gangrene
can easily occur when effective treatment
is not applied in a timely manner, further
increasing the severity of pain in
affected patients.6

Currently, the clinical treatment of pul-
pitis primarily involves root canal therapy,7

where infectious regions are cleared by
mechanical or chemical means. After disin-
fection, the root canal is sealed, thereby
blocking the connection to the periapical
tissues to prevent further disease progres-
sion.8 Conventional root canal treatment
requires multiple therapeutic applications
to completely eradicate the occurrence of
bacterial infections and can take a long
time.9 Recently, one-time root canal thera-
py for pulpitis treatment has gradually
attracted the attention of clinicians. One-
time root canal therapy removes the step
of sealing the root canal and reduces the
number of required visits, saving both
patients’ and doctors’ time. Moreover,
one-time root canal therapy can reduce
repeated infections caused by drug micro-
leakage into patients during root canal seal-
ing.10 In the study conducted by Xavier
et al.,11 it was found that multiple root

canal therapy and one-time root canal ther-
apy could both reduce but not completely

eliminate bacteria and endotoxins in the
root canals of patients. Thus, it remains dis-

putable whether one-time or multiple root
canal therapy should be used to treat pulpi-

tis in clinical settings.
In this study, the therapeutic effects of

one-time and multiple root canal therapy
for irreversible pulpitis were assessed, ulti-

mately offering a reference on the subject
for clinicians.

Materials and methods

Clinical data

This retrospective analysis was performed

on 130 pulpitis patients who were divided
into a one-time treatment group (group A;

n¼ 68) and a two-time treatment group
(group B; n¼ 62) according to the number

of visits. Patients older than 18 years, those
without malignant tumors, and those

who had not previously undergone root
canal treatment and/or related endodontic

treatment were included in this study.
Conversely, patients with incomplete clini-

cal data, those with more than one affected
tooth, those who did not complete treat-

ment, and those with other periodontal
lesions were excluded. All patients volun-

tarily signed a consent form, and the
study protocols were reviewed by the ethical

oversight committee of Stomatological
Hospital of Southern Medical University.

Main reagents

ELISA kits targeting interleukin (IL)-6,
tumor necrosis factor alpha (TNF-a)
(PI330 and PT518, respectively; Beyotime
Biotechnology, Shanghai, China), and

high-sensitivity C-reactive protein (hs-
CRP) (tw035331; Shanghai Tongwei Bio,

Shanghai, China) were used to measure
serum concentrations of these markers
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before and after treatment. Dental supplies

including K-file, PROTAPER, DENTSPLY

X-Smart Endo motor, and dental root
canal obturating points were purchased

from Dentsply (Tianjin, China; YZN-005-

K256,QBB-005-ZJA0413, QBB-005-CJ,

and YCY-005-YJJ999.244.015.06.N,

respectively).

Treatment programs

Patients in both groups were treated with

root canals. Patients in the two groups

underwent routine X-ray imaging prior to

treatment to analyze the number of root

canals requiring endodontic treatment.

In each patient, the shape of the root tip
and the length of the root canal were

observed. Patients were anesthetized using

articaine epinephrine. Next, a rubber dam

was placed, the pith was opened to remove

the coronal pith, and the radicular pulp was

extracted. The root canal was prepared
using a ProTaper motorized nickel–titani-

um root canal expansion system. Each

root canal was flushed with 5.25% sodium

hypochlorite for each sputum replacement

that occurred during the preparation process.

For patients in group A, root canals were
pre-sealed with calcium hydroxide and zinc

hydroxide and filled again 1 week after treat-

ment. For patients in group B, the trial point

test was performed after root canal prepara-

tion. When the correct fill-in was identified,

the gutta-percha point was removed, and

repeated rinsing of the root canal was per-
formed to achieve disinfection with subse-

quent drying. After each patient’s root canal

was dried, a cement base and AH Plus paste

for lateral compaction filling were applied.

Expression of IL-6, TNF-a, and hs-CRP in

the serum of patients

Both previous to and at 1 week after end-
odontic treatment, 5mL of venous blood

was acquired and centrifuged at 111.8 �g

for 10 minutes, and then serum was collect-
ed for subsequent experiments. ELISA
detection was conducted according to the
manufacturer’s instructions as follows: the
collected serum was separately added to
50 mL of various concentrations of standard
solution in blank microwells, and 50 mL of
antibody was added to 50mL of distilled water
in the blank control wells. Additionally, 40mL
of the sample was added to the remaining
microwells and 10mL of biotin-labeled anti-
body was added thereafter. Subsequently, the
plate was incubated at 37�C for 30 minutes.
When washing the plate, the washing liquid in
each well was guaranteed to be full without
overflowing and left to stand for 30 seconds
before being discarded. Next, the plate was
patted dry five times. Next, 50mL of the
enzyme standard solution was added to each
well, and the plate was incubated at 37�C for
1 hour. The plate was then washed five times
and thoroughly patted dry with absorbent
paper after the final wash. Horseradish perox-
idase (100mL/well) was then added to the seal-
ing plate and incubated at 37�C for 15 minutes
in the dark. Next, 100mL/well of the chromo-
genic substrate 3,30,5,50-Tetramethylbenzidine
was added, and the plate was incubated for
20 minutes at room temperature in the dark.
Finally, 50mL/well of the stop solution was
added, and detection was performed using a
microplate reader within 15 minutes. The
maximum absorption wavelength at 450nm
was determined using an enzyme marker
within 15 minutes.

Observation indices

The main observation index was the clinical
efficacy of root canals as observed at
6 months and 1 year after treatment.
These efficacy findings are summarized
in Table 1. Changes in the serum levels of
IL-6, TNF-a, and hs-CRP before and after
endodontic treatment were also observed.

The secondary observation index was the
satisfaction with treatment in the two groups,
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which was calculated as follows: sat-
isfaction¼ (number of very satisfied patient-
sþnumber of satisfied patients)/total number
of patients� 100%. The visual analogue scale
(VAS) was used to evaluate the degree of pain
at 1 week after endodontic treatment.

Statistical methods

In this study, data were statistically analyzed
using SPSS v20.0 software (IBM Corp.,
Armonk, NY, USA) and visualized using
GraphPad Prism 7 (GraphPad Software
Inc., La Jolla, CA, USA). Measurable data
are reported as the usage rate (%) using the
v2 test. Measurement data are expressed as
mean� standard deviation. An independent-
samples t-test was used to analyze differences
between the two groups. Changes before and
after treatment were analyzed using a paired t-
test, which was indicated by t. P-values < 0.05
were used to indicate statistically significant
differences.

Results

Clinical data

A total of 68 patients were included in
group A, including 34 men and 34 women,

with an age range of 22 to 65 years and an
average age of 39.5� 4.9 years. With
respect to the affected teeth, eight cases
involved anterior teeth, 20 involved premo-
lars, and 40 involved molars. Additionally,
26 cases presented with living pulp and
42 presented with dead pulp. Furthermore,
12 patients had hypertension, seven had
heart disease, and 13 had diabetes. Fifty-
five patients lived in cities and 13 lived in
villages. There were 40 patients with a
smoking history and five with a history of
alcohol abuse.

Group B comprised 62 patients, includ-
ing 35 men and 27 women, with an age
range of 25 to 68 years and an average
age of 41.2� 5.1 years. The position of the
affected teeth included the anterior teeth in
12 cases, premolars in 18 cases, and molars
in 32 cases. Twenty-seven cases presented
with living pulp and 35 cases presented
with dead pulp. Eight patients had a history
of hypertension, 12 had heart disease, and
16 had diabetes. Fifty patients lived in cities
and 12 lived in villages, and there were 35
individuals with a history of smoking and
three with a history of alcohol abuse.
Clinical data of the two groups were not
statistically different (Table 2).

Comparison of clinical efficacy between
the two groups

All patients underwent X-ray imaging
2 years after surgery. Success was indicated
when X-ray images revealed that the dark
area in the bone around the root had dis-
appeared and when the patient reported no
discomfort and presented with a normal
bite. A response was indicated when X-ray
images revealed that the dark area in the
bone around the root was reduced and the
patient was asymptomatic, with a normal
bite. Conversely, failure was indicated
when X-ray images revealed that the
dark area in the bone around the root
had increased in size and the patient

Table 1. Evaluation of clinical efficacy in patients.

Classification Standard

Success Patients had no symptoms or

abnormal signs, normal occlusal

force, complete occlusal relation-

ship, partial sealing of the root

canal filling, and disappearance of

periapical lesions.

Failure Patients had no symptoms or

abnormal signs. The occlusal

lesions were slightly uncomfort-

able or could not be chewed on

normally. X-ray revealed that

there was no abnormal projection

area before periodontal liga-

ment widening.
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demonstrated poor occlusion accompanied

by pain and discomfort.
Next, the clinical efficacy of root canal

therapy was compared between the two

groups. In group A, 64 and four patients

demonstrated successful and failed treat-

ment, respectively, at 6 months. In group

B, 56 and six patients demonstrated suc-

cessful and failed treatment, respectively,

at 6 months. Thus, the success rates of

treatment in the two groups were 94.12%

and 90.32%, respectively. Statistical analy-

sis revealed no significant difference in the

success rate between the two groups at

6 months. Additionally, the clinical efficacy

of the two groups was compared at 1 year

after treatment: in group A, 63 patients pre-

sented success and five presented failure,

while in group B, 53 patients presented suc-

cess and 9 presented failure. The success

rates of treatment in the two groups were

92.65% and 85.48% at 1 year post-

treatment, respectively. Statistical analysis

revealed no significant difference in treat-

ment success rates between the two groups

at 1 year (Tables 3 and 4).

Table 2. Clinical data of the two patient groups [n (%)].

Factor Group A (n¼ 68) Group B (n¼ 62) v2/t value P value

Sex 0.542 0.462

Male 34 (50.00) 35 (56.45)

Female 34 (50.00) 27 (43.55)

Age (years) 39.5� 4.9 41.2� 5.1 1.938 0.055

BMI (kg/m2) 23.44� 1.84 23.15� 2.01 0.859 0.392

Tooth position 1.520 0.468

Front teeth 8 (11.77) 12 (19.35)

Dentes premolares 20 (29.41) 18 (29.04)

Grinding of one’s teeth in sleep 40 (58.82) 32 (51.61)

Pulp condition 0.379 0.538

Vital pulp 26 (38.24) 27 (43.55)

Dead pulp 42 (61.76) 35 (56.45)

History of hypertension 0.560 0.454

Yes 12 (17.65) 8 (12.90)

No 56 (82.35) 54 (87.10)

Heart disease history 2.134 0.144

Yes 7 (10.29) 12 (19.35)

No 61 (89.71) 50 (80.65)

Diabetes history 0.837 0.360

Yes 13 (19.12) 16 (25.81)

No 55 (80.88) 46 (74.19)

Domicile 0.001 0.973

City 55 (80.88) 50 (80.65)

Village 13 (19.12) 12 (19.35)

Smoking history 0.075 0.785

Yes 40 (58.82) 35 (56.45)

No 28 (41.18) 27 (43.55)

History of alcoholism 0.355 0.551

Yes 5 (7.35) 3 (4.84)

No 63 (92.65) 59 (95.16)

Note: BMI, Body mass index.
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Serum IL-6, TNF-a, and hs-CRP levels
in the two groups before and
after treatment

Serum levels of IL-6, TNF-a, and hs-CRP in

the two groups before treatment were com-

pared, and no statistical difference was

found. At 1 week after treatment, the levels

of IL-6, TNF-a, and hs-CRP in the two

groups were significantly decreased compared

with pre-treatment levels, and there was a

statistical difference between groups A

and B. Specifically, the IL-6, TNF-a, and

hs-CRP levels in group A at 1 week after

treatment were significantly higher than

those in group B. Furthermore, the changes

in IL-6, TNF-a, and hs-CRP levels in group B

before and after treatment were more signifi-

cant than those in group A. There was a

statistical difference in this regard between

the two groups (P< 0.05) (Tables 5 and 6

and Figures 1 and 2).

Table 3. Comparison of clinical efficacy between the two groups at 6 months post-treatment [n (%)].

Group Success Failure v2 value P value

Group A (n¼ 68) 64 (94.12) 4 (5.88) 0.658 0.417

Group B (n¼ 62) 56 (90.32) 6 (9.68)

Table 4. Comparison of clinical efficacy between the two groups at 1 year post-treatment [n (%)].

Group Success Failure v2 value P value

Group A (n¼ 68) 63 (92.65) 5 (7.35) 1.732 0.188

Group B (n¼ 62) 53 (85.48) 9 (14.52)

Table 5. Serum IL-6, TNF-a, and hs-CRP levels before and after treatment in the two groups.

Group

IL-6 (pg/mL) TNF-a (mg/g) hs-CRP (mg/L)

Pretherapy

1 week after

treatment Pretherapy

1 week after

treatment Pretherapy

1 week after

treatment

Group A (n¼ 68) 146.05� 12.05 55.79� 8.28 6.37� 2.67 5.19� 1.98 2.26� 0.46 1.76� 0.27

Group B (n¼ 62) 146.63� 13.84 30.38� 5.01 6.28� 1.29 3.07� 0.94 2.32� 0.43 1.22� 0.10

t value 0.255 20.920 0.241 7.677 0.766 14.843

P value 0.799 < 0.001 0.810 < 0.001 0.445 < 0.001

Note: IL-6, interleukin-6; TNF-a, tumor necrosis factor alpha; hs-CRP, high-sensitivity C-reactive protein.

Table 6. Comparison of the difference between IL-6, TNF-a, and hs-CRP levels during treatment between
the two groups.

Group IL-6 (pg/mL) TNF-a (mg/g) hs-CRP (mg/L)

Group A (n¼ 68) 90.26� 14.90 1.19� 0.79 0.52� 0.21

Group B (n¼ 62) 116.25� 14.59 3.21� 1.68 1.10� 0.43

t value 10.032 8.897 9.905

P value < 0.001 < 0.001 < 0.001

Note: IL-6, interleukin-6; TNF-a, tumor necrosis factor alpha; hs-CRP, high-sensitivity C-reactive protein.
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Figure 1. Serum IL-6, TNF-a, and hs-CRP levels
before and after treatment in the two groups. (a)
Comparison of serum IL-6 levels in patients of the
two groups before treatment showed no statistical
difference (P< 0.05), whereas IL-6 levels in patients
of the two groups were significantly reduced at 1
week after treatment (P< 0.05). IL-6, interleukin-6.
(b) Comparison of serum TNF-a levels in patients of
the two groups before treatment showed no statis-
tical difference (P< 0.05), whereas TNF-a levels in
patients of the two groups were significantly reduced
at 1 week after treatment (P< 0.05). TNF-a, tumor
necrosis factor alpha. (c) Comparison of serum
hs-CRP levels in patients of the two groups before
treatment showed no statistical difference (P< 0.05),
whereas hs-CRP levels in patients of the two groups
were significantly reduced at 1 week after treatment
(P< 0.05). * indicates differences between the two
groups (***P< 0.001). hs-CRP, high-sensitivity
C-reactive protein.

Figure 2. Comparison of differences in serum
IL-6, TNF-a, and hs-CRP levels before and after
treatment in the two groups. (a) By comparing the
difference in IL-6 levels between the two groups
before and after treatment, the difference in group
B was found to be significantly higher than that of
group A (P< 0.05). IL-6, interleukin-6. (b) By
comparing the difference in TNF-a levels between
the two groups before and after treatment, the
difference in group B was found to be significantly
higher than that of group A (P< 0.05). TNF-a,
tumor necrosis factor alpha. (c) By comparing the
difference in hs-CRP levels between the two groups
before and after treatment, the difference in group
B was found to be significantly higher than that of
group A (P< 0.05). *indicates differences between
the two groups (***P< 0.001). hs-CRP, high-sensi-
tivity C-reactive protein.
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Comparison of VAS scores between the

two groups

VAS scores of the two groups at 1 week

post-treatment were compared. The VAS

scores of patients in group A (4.62� 1.25

points) were higher than those in group B

(2.75� 1.30 points), representing a signifi-

cant difference between the two groups

(t¼ 8.359; P¼ 0.001) (Figure 3).

Patient satisfaction survey

We conducted a survey of patient satisfac-

tion and found that in group A, 38 patients

were very satisfied, 25 were satisfied, and

five were generally satisfied, while in group

B, 33 patients were very satisfied, 23 were

satisfied, and six were generally satisfied.

There was no significant difference in

patient satisfaction between the two

groups (v2¼ 0.226; P¼ 0.634).

Discussion

Pulpitis is one of the most common diseases

in clinical stomatology. In a study by

Prirokh et al.,12 pulpitis was found to

occur most commonly in individuals over
45-years-old. Another investigation indicat-
ed that the proportion of patients with pulp
and periapical periodontitis was up to 41%,
based on data of 215,073 dental emergency
patients.13 Clinical manifestations of pulpi-
tis include redness, swelling, bleeding, and
abnormal gingival color. Depending on
the nature of the disease, it can be diag-
nosed as either acute pulpitis or chronic
pulpitis. Chronic pulpitis develops gradual-
ly. Under normal circumstances, patients
will not feel pain but may experience differ-
ent degrees of pain if receiving external
stimulation. In contrast, acute pulpitis
develops rapidly. In this context, severe
tooth pain can occur when the patient is
not exposed to external stimuli and may
cause pain in the head and face, which
may lead to challenges during diagnosis
and treatment.14,15

Currently, the clinical management of
pulpitis primarily involves root canal ther-
apy. The main purpose of this approach is
to thoroughly clean the infected dental pulp
while at the same time cleaning the dentin
and removing toxic decomposition prod-
ucts of the teeth. The infected teeth are
rinsed, disinfected, and any spaces are
filled in through the root canal to effectively
prevent further bacterial invasion.16

Conventionally, clinical root canal therapy
has primarily been performed two or more
times. Patients undergoing treatment are
required to make multiple visits, which is
inconvenient and may increase the likeli-
hood of infection (due to the multiple treat-
ments).17 With the development of medical
standards, one-time root canal therapy has
been gradually recognized as a clinical
option, offering the benefits of short treat-
ment time and low incidence of infection
due to not undergoing multiple treat-
ments.18 However, there are some contro-
versies regarding use of the two-treatment
methods in the clinic. Therefore, this study
sought to provide a reference for clinicians

Figure 3. Comparison of VAS scores between the
two treatment groups.
The VAS scores of patients in group A were sig-
nificantly higher than those of patients in group B at
1 week after endodontic treatment (P< 0.05).
*indicates differences between the two groups
(***P< 0.001). VAS, visual analogue scale.
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by comparing the clinical efficacy of one-
time root canal versus multiple root
canal treatments.

In this study, we compared the clinical
efficacy of two groups of patients receiving
either a single root canal treatment or mul-
tiple root canal treatments. It was found
that the success rates of the two groups at
6 months after treatment were 94.12% and
90.32%, respectively, while the success rates
of the two groups at 1 year after treatment
were 92.65% and 85.48%, respectively.
No significant differences were found
when we compared success rates between
the two groups at 6 and 12 months. In a
study by Fu et al.,18 450 affected teeth
were randomly divided into two groups:
multiple root canal therapy and single
root canal therapy. They found no differ-
ence in the total effective rate of the
two groups after 1 week of treatment.
Additionally, the total effective rates of
patients after 1 year of treatment were
99.11% (one-time treatment group) and
99.56% (multiple treatment group).
Furthermore, no difference was found in
the total efficacy between the two groups,
which is consistent with the results of our
study. However, the 1-year total response
rate was significantly higher than what is
reported in this study, which may have
been caused by the small sample size in
our study. With the continuous improve-
ments in medical technology and equipment
over recent years, an increasing number of
studies have shown that the long-term ther-
apeutic effects of root canal therapy are
independent of the number of root canal
procedures performed.19 In a study by
Paredes-Vieyra et al.,20 the 2-year total effi-
cacy of one-time root canal therapy and
two-time root canal therapy were analyzed,
and no significant difference between the
two treatments was found.

The principle disputes surrounding the
two methods in clinical treatment are postop-
erative pain and inflammatory response.21,22

Therefore, we evaluated postoperative pain
in both groups. In this study, we used VAS
scores to assess pain in patients. VAS is con-
sidered an effective and reliable scale for mea-
suring the intensity of pain and discomfort in
patients.23 The results showed that the VAS
scores of patients in group A were significant-
ly higher than those in group B at 1 week
after endodontic treatment, indicating that
one-time root canal therapy can effectively
alleviate postoperative pain. Next, we mea-
sured serum levels of IL-6, TNF-a, and hs-
CRP. As an important inflammatory factor,
IL-6 has important clinical significance and is
involved in multiple inflammatory and
immune responses. TNF-a is involved in the
acute inflammatory response mechanism in
humans; it increases the viscosity of vascular
endothelial cells by increasing the number of
monocytes, macrophages, and neutrophils,
thereby improving vascular permeability
and accelerating the migration of white
blood cells to kill microorganisms. hs-CRP
is the most sensitive marker for the direct
reaction of inflammatory responses.24–26

Our results showed that serum levels of IL-
6, TNF-a, and hs-CRP in the two groups
were decreased after treatment compared
with levels before treatment. By comparing
the differences of each index before and
after treatment between the two groups, we
found that the differences of each index
before and after treatment in group A were
significantly lower than those in group B.
This revealed that one-time root canal
therapy can effectively reduce patients’
inflammatory response. We speculated that
the main reason for this is that one-time
root canal therapy requires a short operation
time to avoid infection during the procedure.
Additionally, AH Plus paste can release a low
concentration of formaldehyde, which has a
certain antibacterial effect and accelerates
patient recovery after endodontic treatment.27

However, patients who undergo two-time
root canal therapy need to be treated again
at 1 week after initial endodontic treatment.
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This increases the risk of secondary infection,

resulting in significant changes in the expres-

sion of inflammatory factors.28 At the end of

the study, patient satisfaction after treatment

was statistically analyzed, and no significant

difference was found between the two groups,

indicating that both treatments ultimately

had good effects on patient outcomes.
Finally, this study found that there was

no significant difference in the long-term

clinical efficacy between one-time root

canal therapy and two-time root canal ther-

apy. Moreover, in terms of the increased

levels of inflammatory factors in patients’

serum, one-time root canal treatment was

found to be markedly superior to the two-

time root canal treatment, with the former

also significantly improving patients’ pain

status. However, this study has certain lim-

itations that should be noted. First, the

study population in this investigation was

small, and it is unclear whether there was

bias in any of the statistics. Second, as a

retrospective study, this study was prone

to recall bias, so we hope to increase the

number of samples in future studies and

conduct clinical randomized controlled

trials to verify the results of this study.
In summary, one-time root canal therapy

can effectively improve postoperative pain

and the expression of inflammatory factors

in the serum of patients. In addition, no

significant difference was found in terms

of clinical efficacy when one-time root

canal therapy was compared with two-

time root canal therapy, representing a

finding that can be widely promoted in

clinical practice.
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