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Introduction

Pulpitis is one of  the most common diseases in clinical dentistry.[1] 
It is associated with intense pain; hence, it impacts a person’s 

quality of  life in good measure. It can be classified into  (a) 
acute and (b) chronic types depending upon duration of  history 
associated with the indicated tooth.[2] Both acute and chronic 
forms of  pulpitis are due to bacteria resulting in infections. All 
patients almost commonly report with severe pain at the time 
of  clinical presentation.[3,4]

At present, clinical management of  pulpitis chiefly involves root 
canal treatment, wherein infectious canals are cleaned by using 
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Abstract

Background: In recent times, single‑sitting root canal therapy has gained momentum over multiple‑sitting root canal therapy due to 
its superior clinical outcome and less time required for treating the patient. Aim: Thus, the aim of current study was to compare the 
expression of interleukin‑6 (IL‑6), tumor necrosis factor‑α (TNF‑α), and high‑sensitivity C‑reactive protein (hs‑CRP) in the serum of 
patients undergoing single‑sitting and multiple‑sitting root canal treatment. Materials and Methods: This cross‑sectional experimental 
study was conducted on 300 subjects who were indicated for root canal treatment. Subjects were categorized into Group I (single visit) 
and Group II (multiple visits).Clinical data was obtained and serum samples were collected both before and after 1 week of treatment 
completion. Inclusion criteria were those patients (a) over 18 years of age, (b) without any disease of inflammatory etiology, and (c) 
who had not previously received endodontic treatment or any related therapeutic treatment. Exclusion criteria were those (a) without 
a complete clinical history, (b) with greater than one indicated tooth, (c) who did not complete their treatment, and (d) with any 
periodontal disease. Chi‑square and Student’s t‑test were applied. Results: It was found that in single‑sitting root canal treatment, there 
was a statistically significant reduction in these inflammatory biomarkers, although no difference in clinical efficacy was observed. 
Conclusion: Single‑visit root canal treatment is a better option for treatment of pulpitis compared to multiple‑sitting treatment.
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either mechanical or chemical methods. After the process of  
disinfection, the affected root canal is hermetically sealed, which 
blocks the connection up to the periapical tissues, thus preventing 
the progression of  the disease.[5]

Conventionally performed root canal procedure involves multiple 
therapeutic applications for complete eradication of  bacterial 
infection and usually takes a long period of  time.[6]

Single‑sitting or one‑time root canal treatment for pulpitis has 
slowly gained attention of  dental practitioners and its usage is 
gradually increasing momentum. This method of  root canal 
treatment reduces the total number of  dentists’ visits, thus saving 
both patient’s and doctor’s time. Additionally, single‑visit root 
canal therapy causes reduction of  repeated root canal infections 
that may be the result of  microleakage of  endodontic sealer 
in periapical tissues during sealing of  root canal. Peripheral 
bodily fluids like gingival crevicular fluid, plasma, and serum 
have been identified as markers of  acute and chronic periapical 
inflammatory processes.[7]

The acute‑phase reactant response or high‑sensitivity C‑reactive 
protein  (hs‑CRP) reaction is a significant physiologically 
based phenomenon that accompanies the inflammatory 
process and has been associated with an increase in the 
activity of  proinflammatory cytokines.[8] Its expression is 
seen during the episodes resulting due to trauma, burns, 
infections, inflammatory processes, and conditions in which 
there is pathologically related inflammatory response.[9] These 
proteinaceous markers of  inflammation have routinely been 
studied as indicators of  underlying physiological or pathological 
alterations.[10]

Thus, the aim of  the present study was to compare the 
serum expressions of  interleukin‑6  (IL‑6), tumor necrosis 
factor‑α (TNF‑α), and hs‑CRP in patients who were undergoing 
single‑visit and multiple sittings root canal treatment.

Materials and Methods

Clinical data collection
This retrospective study analysis was conducted on 300 pulpitis 
patients who were categorized as follows: (a) group I: single‑sitting 
treatment group  (n  =  150) and  (b) group  II: multiple‑visit 
treatment group  (n = 150). Institutional ethical approval was 
obtained before commencing the study (EC/MDC/2020/1). The 
inclusion criteria of  the subjects were (a) patients aged more than 
18 years; (b) those without any other disease of  inflammatory 
etiology, and  (c) those who had not previously received 
endodontic treatment or any related therapeutic treatment. The 
exclusion criteria for the study were  (a) subjects without any 
complete clinical treatment history,  (b) patients with greater 
than a single indicated tooth, (c) patients who did not complete 
their treatment, and (d) those with any periodontal disease. The 
study was commenced after receiving signed informed consent 
from the patients.

Reagents used
Enzyme-linked immunosorbent assay (ELISA)  kits for IL‑6, 
TNF‑α, and hs‑CRP were used for the measurement of  serum 
concentrations of  these inflammatory markers.

Treatment protocols followed
Patients in both the study groups were treated for infected 
root canals. Patients underwent routine radiological imaging 
before treatment for analyzing the root canals which required 
endodontic intervention. Patients were provided with anesthesia 
by using 2% lignocaine with epinephrine. Following this, rubber 
dam was applied and access cavity was prepared, following which 
pulpal tissue from the coronal and radicular portions of  the tooth 
was extirpated. Root canals were prepared by using a ProTaper 
nickel–titanium rotary expansion system. During the cleaning 
and shaping process, root canals were flushed by using 5.25% 
sodium hypochlorite solution.

In group 1, root canals were presealed using calcium hydroxide 
and zinc oxide and were packed using gutta percha, while in 
group B, cleaning and shaping and gutta percha obturation were 
performed in subsequent steps.

Analysis of serum expressions of IL‑6, TNF‑α, and 
hs‑CRP
Both before and 1 week after completion of  endodontic therapy, 
5  mL of  venous blood was obtained from patients and was 
centrifuged at 3000 rpm for duration of  10 min. The separated 
serum was then pipetted out and stored in Eppendorf  tubes for 
subsequent analysis.

ELISA detection was carried out as per the instructions provided 
by the manufacturer.The separated serum was added to 50 mL 
of  different concentrations of  standardized solution in blank 
micro‑wells. Fifty milliliters of  antibodies was added to 50 mL 
of  distilled water within the blank wells, which served as control. 
Forty milliliters of  the serum sample was added to the remaining 
micro‑wells, along with 10 mL of  biotin‑labeled antibody which 
was added afterward. Subsequent to this, the plate was incubated 
at 37°C for time duration of  30 min. While washing off  the plate, 
the washing fluid within each well was filled fully without any 
overflow and was left standing for duration of  30 s, followed 
by which it was discarded. After this, the plate was blotted dry. 
Then, 50 mL of  standard enzyme solution was added to each of  
the wells. Then, the plate was incubated at 37°C for up to 1 h. 
Following this, the micro‑well plate was washed up to 5 times and 
was then blotted dry by using an absorbent paper following final 
wash. Horseradish peroxidase at a concentration of  100 mL per 
well was added, following which the plate was incubated at 37°C 
for a total time of  15 min in a dark room. Following this, 100 mL 
of  chromogenic substrate  (3,3′,5,5′‑tetramethylbenzidine) was 
then added to each well. Then, the plate was incubated for 
duration of  20 min at room temperature in the dark. As a final 
step, 50 mL of  stop solution was then added to each micro‑well. 
Spectrophotometric detection was performed using an ELISA 
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microplate reader within a time span of  15 min. The maximum 
absorption wavelength at 450 nm was determined in a time span 
of  15 min.

Indices used for observation of values
(a)	 Clinical evaluation: The primary observation index was the 

clinical efficacy of  root canal treatment, which was observed 
before and 1 week following the completion of  treatment.

(b)	Evaluation of  markers used: Changes in the serum levels of  
IL‑6, TNF‑α, and hs‑CRP were observed both before and 
after endodontic treatment.

Statistical methods
The collected observation data were statistically analyzed by 
using Statistical Package for Social Sciences (SPSS) version 20.0 
software (IBM Corp., Armonk, NY, USA).

Measurement data are recorded as mean  ±  standard 
deviation (SD) values. Chi‑square test was employed to compare 
proportions. Values that were noted both before and after 
treatment were analyzed using a paired t‑test. P values <0.05 
were used to indicate statistically significant differences between 
the groups studied.

Results

On analyzing the clinical data regarding the efficacy of  single‑visit 
and multiple‑visit root canal treatment and the serum levels of  
IL‑6, TNF‑α, and hs‑CRP, the following observations were made.
(a)	Efficacy of  both the study groups: It was found that in 

group I (single‑sitting) root canal treatment, 95.12% cases 
demonstrated successful outcome, while 6.23% were failure 
cases. In group II (multiple sittings), 91.05% and 9.76% cases 
showed success and failure, respectively. On comparing the 
percentages of  proportions using Chi‑square test, it was 
found that there was no statistical significance (P = 0.42) 
between the clinical efficacy of  both the treatment 
groups [Table 1].

(b)	Serum levels of  IL‑6, TNF‑α, and hs‑CRP: Inflammatory 
biomarkers IL‑6, TNF‑α, and hs‑CRP were assessed in both 
the treatment groups. In group I, the mean ± SD levels (pg/g) 
of  IL‑6 before treatment and 1 week after completion of  
treatment were 156 ± 11.05 and 45.01 ± 21.04, respectively. 
On the other hand, the mean ± SD levels (mg/g) of  TNF‑α 
before and after 1  week of  treatment were 6.12  ±  1.23 
and 5.10  ±  0.21, respectively, while the serum hs‑CRP 
levels  (µg/L) before and following endodontic therapies 
were 2.13 ± 0.2 and 1.56 ± 0.11, respectively.

On the other hand, in group  II, the mean  ±  SD values of  
IL‑6 levels before and after 1 week of  treatment completion 
were 143 ± 10.21 and 29.56 ± 12.01, respectively, whereas the 
mean ± SD values of  TNF‑α were 5.97 ± 1.0 and 3.12 ± 0.91, 
respectively. The mean ± SD levels of  hs‑CRP were 2.01 ± 0.01 
and 1.12  ±  0.01, respectively. On applying paired t‑test, the 
P values obtained on comparing IL‑6 levels between groups I and 
II before treatment showed a nonsignificant difference of  0.65, 
whereas following treatment, a statistically significant P value, 
which was  <0.05, was obtained. On comparing the TNF‑α 
levels in both the study groups, P values of  0.71 (no significant 
difference) and  <0.001  (extremely significant) were obtained 
before and following treatment, respectively. On comparing 
the hs‑CRP levels both before and after treatment completion, 
P values of  0.5 (nonsignificant) and <0.001 (extremely significant) 
were obtained, respectively [Table 2 and Graph 1].

Discussion

Endodontics has gained emphasis in the scientific community 
in recent years due to the increase in clinical and animal models 
studies focusing on endodontic medicine, which aims to evaluate 
the interrelationship between systemic and periapical tissues’ 
pathological conditions. These studies have shown that systemic 
changes can boost the pathogenesis of  endodontic infection, 
favoring its development and progression.[11]

Apical periodontitis is a chronic asymptomatic disease. It 
results due to the pulpal infection caused by the formation 
of  bacterial biofilm within the root canal systems of  teeth. 
Various endodontic organisms and their by‑products produce 
an inflammatory response that is an attempt for localization 
of  infection and prevention of  spread at the expense of  apical 
periodontal tissues.[12]

This may result in the formation of  apically located lesions of  
endodontic origin. Proinflammatory cytokine mediators IL‑6, 
TNF‑α, and hs‑CRP have demonstrated significant inflammatory 
effects.

In the current study, no statistically significant difference was 
observed on comparing the clinical outcomes measured as 
efficacy. However, on comparison of  the levels of  inflammatory 
biomarkers (IL‑6, TNF‑α, and hs‑CRP), statistically significant 
differences between single‑sitting and multiple‑sitting root canal 
treatments were noted. Our findings are supported by Bains 
et  al.,[13] who evaluated hs‑CRP levels in patients undergoing 
endodontic therapy before and after receiving treatment and 
found that the mean C‑reactive protein  (CRP; measured in 
mg/L) at the baseline level was 6.18  ±  3.72 and following 
treatment, the level was 3.92 ± 3.59. Thus, the mean change 
in CRP ± SD after follow‑up at 30 days was 2.26 ± 3.04. This 
change was found to be statistically significant on using the 
paired t‑test (t = 2.458; P = 0.034). Similarly, Lu et al.[14] compared 
the therapeutic efficacy of  single‑sitting root canal treatment 
with multiple‑sitting root canal procedures among patients 

Table 1: Efficacy of single‑sitting and multiple‑sitting 
endodontic treatment 6 months after completion of 

treatment
Studied groups Success (%) Failure (%) Chi‑square values P
Group I 65 (95.12) 5 (6.23) 0.75 0.42
Group II 57 (91.05) 6 (9.76)
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suffering from irreversible pulpitis. They reported that after 
1 week of  treatment, serum IL‑6, TNF‑α, and hs‑CRP levels 
were significantly reduced in both the groups, though their levels 
were found to be significantly lesser  in multi‑visit group than 
in single‑visit endodontic therapy.

Also, Vidal et al.[15] showed a positive correlation between serum 
CRP levels and presence of  periapical endodontic diseases. 
Garrido et al.[16] reported a positive correlation between IL‑6 and 
CRP expression in apical periodontitis lesions.

Poornima et al.[17] conducted a study to assess the influence of  
root canal treatment on serum hsCRP levels in systemically 
healthy human adults. It was concluded that the root canal 
treatment can reduce serum hsCRP levels in systemically healthy 
individuals with apical periodontitis.

In contrast, the study conducted by Burgener et al.[18] in 2010 
compared the total serum protein levels, interleukin‑1 (IL‑1), and 
IL‑6 in gingival crevicular fluid samples that were collected from 
teeth associated with endodontic lesions with those from healthy, 
contralaterally placed teeth. They found that the protein levels in 
the samples collected from the affected teeth were higher when 
compared to those from normal control teeth, although there 
were no significant differences in the levels of  IL‑1 and IL‑6.

Thus, single‑visit root canal therapy effectively improves 
postoperative pain as well as the levels of  inflammatory mediators 
in the serum of  affected patients.

The biomarkers of  inflammation serve as a useful indicator of  a 
person’s overall metabolism. As most of  the studies conducted 

are cross sectional, in accordance with the suggestions by van 
der Waal et  al.,[19] the present paper attempted to incorporate 
a more appropriate model to assess the role of  inflammatory 
biomarkers by taking samples from patients undergoing 
single‑ and multiple‑visit root canal treatment.[13]

It was well established that the single‑sitting root canal or 
endodontic treatment is more effective in reducing the 
inflammatory factors that are associated with the inflammatory 
etiology of  pulpal diseases. Thus, treatment of  inflammatory 
processes in the body is strongly associated with reduction of  
inflammatory markers.[20‑24]

Conclusion

This study found that there was no statistically significant 
difference in the long‑term follow‑up of  clinical efficacy between 
single‑sitting root canal therapy and multiple‑sitting root canal 
therapy. But on comparing the levels of  inflammatory biomarkers 
in the serum samples, it was found that single‑sitting root canal 
therapy was superior when compared to multiple‑sitting root 
canal treatment.
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