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            Abstract

            
               
Background: Post-endodontic pain is a challenge to clinicians. In this context the evidence for use of preoperative medication is not
                  consistent.
               

               Aim: The study's objective is to assess the effects of dexamethasone and triamcinolone acetonide administered submucosally in
                  single doses on postoperative pain following single-visit root canal treatment for teeth with symptomatic irreversible pulpitis.
               

               Materials and Methods: Thirty patients were randomly allocated in three groups. Group I received saline (control), Group II received dexamethasone
                  (8mg) and Group III received triamcinolone acetonide (40mg) before endodontic treatment was initiated. Root canal treatment
                  was performed in a single appointment for all the participants. Post-operative pain was assessed using Heft-Parker visual
                  analogue scale (HP VAS). 
               

               Statistical Analysis Used: Comparison of HP VAS scores was done using Kruskal Wallis Test and Mann Whitney Test.
               

               Results: There was no significant difference in the mean HP VAS scores between 3 groups at pre-op period (P=0.74). At 6,12 and 24h
                  post-operative period the mean HP VAS scores in Group 2 and 3 was significantly lesser as compared to Group 1. 
               

               Conclusion: Corticosteroid preoperative dosages led to a reduction in post endodontic pain after single visit root canal treatment of
                  teeth with symptomatic irreversible pulpitis.
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               Introduction

            Endodontic pain is associated with inflammatory reactions that can last from several hours to several days.1 Endodontic postoperative pain is often minimal and does not persist more than 72 hours. Even after receiving the right endodontic
               care, some patients experience persistent, moderate to severe pain that can last for a prolonged period.2 Due to its effectiveness at low doses and capacity to reduce potential adverse effects, submucosal administration of several
               drugs has recently been compared to alternative approaches.3 Non-steroidal anti-inflammatory drugs (NSAIDs) or corticosteroids help reduce endodontic pain because it is known that inflammatory
               mediators have a role in the pathogenesis of pulpitis. Glucocorticoids, as opposed to NSAIDs, have numerous anti-inflammatory
               actions and multiple sites of action.4 The ability of corticosteroids to reduce the release of vasoactive and chemoattractive substances as well as to limit the
               generation of interleukins, interferon-gamma, colony stimulating factor, and TNF-alpha is what causes these substances to
               have an anti-inflammatory effect. Corticosteroid injection should therefore be given before the procedure rather than during
               or after it.5 
            

            Therefore, the aim of this study is to assess the effects of submucosal injections of two corticosteroids on postoperative
               pain following single visit root canal treatment of teeth with symptomatic irreversible pulpitis.
            

         

         
               Materials and Methods

            
                  Study design

               This study was a randomized clinical trial and was registered at Clinical Trials Registry-India (CTRI/2023/03/050856) and
                  reported according to guidelines of CONSORT clinical trials.
               

               Institutional Ethics Committee clearance was acquired for this study.

               Total of 30 patients were selected based on inclusion and exclusion criteria.

            

            
                  Inclusion criteria

               
                     
                     	
                        Healthy adults aged 18-50 years with symptomatic irreversible pulpitis.

                     

                     	
                        Patients with good general health and no chronic systemic diseases.

                     

                     	
                        Patients with a radiographically normal periapical region.

                     

                  

               

            

            
                  Exclusion criteria

               
                     
                     	
                        Teeth with periapical pathology, abscesses, calcified canals or aberrant anatomy.

                     

                     	
                        Patients with a history of allergy to local anesthesia or other experimental drugs.

                     

                     	
                        Patients with systemic disorders, pregnant and lactating mothers, and any conditions that conflict with the use of steroids.

                     

                     	
                        Patients taking analgesics or anti-inflammatory drugs 12 hours before the procedure.

                     

                  

               

            

            
                  Sample size calculation

               Using the GPower programme version 3.1.9.4 [Franz Faul, Universität Kiel, Germany], the sample size was calculated. The total
                  sample size required for the study was 30, taking into account the effect size to be measured (f) at 60%, the power of the
                  study being 80%, and the margin of error at 5%. Each group had 10 participants.
               

            

            
                  Randomization and allocation 

               Computer generated randomization was undertaken by a person not involved in the trial. Opaque, sequentially numbered envelopes,
                  containing the group name and the drug to be used for each patient, were used to ensure allocation confidentiality. Each envelope
                  was delivered to the clinician who performed the intervention prior to the procedure.
               

            

            
                  Treatment protocol

               Each patient had to obtain consent from a physician prior to the study. After explaining the treatment procedure, possible
                  discomfort, risks and benefits an informed consent was taken from the patients. Preoperative pain intensity was measured by
                  asking patients to complete the Heft-Parker Visual Analogue Scale (HP VAS).3 
               

               The studied samples were divided using a simple randomization method into three groups.

               In all groups, local anesthesia was administered using 1.5 ml of 2% lidocaine with 1:80000 adrenaline at room temperature
                  using inferior alveolar nerve block (IANB) in the mandible and buccal infiltration in the maxilla. After anesthesia, patients
                  received pre-operative submucosal injections of one of the study groups.
               

               In group 1: 2 ml saline solution was administered submucosally to the control group after local anesthesia into the mucobuccal
                  fold of the teeth.
               

                In group 2: 8 mg 2 ml dexamethasone was administered submucosally in the mucobuccal fold of the teeth.

               In group 3: 40 mg of triamcinolone acetonide dissolved in 2 ml of injection water was administered submucosally in the mucobuccal
                  fold of the teeth.
               

               All patients underwent electrical pulp testing. If the tooth recorded a positive response, the anesthesia was considered "failed"
                  and the data was recorded. If the tooth gave a negative response on pulp testing, endodontic access was initiated.
               

               After isolating with rubber dam, access opening was done and the working length was determined using an apex locator (Root
                  ZX mini) and confirmed with periapical radiographs. Glide path was established with K-files up to size 15 (Mani, Japan) and
                  Hyflex CM (Coltene) instruments were used for root canal instrumentation. Irrigation was done with 2.5% sodium hypochlorite
                  and 17% ethylenediaminetetraacetic acid (EDTA). Saline was used as the final irrigant. The root canals were then dried with
                  paper points and obturated. Composite resin was used to restore the access cavity and the occlusion was relieved for all teeth.
                  Endodontic treatment for all the patients was completed in a single visit. All the study participants were recalled after
                  four days for evaluation.
               

               

               
                     
                     Table 1

                     Comparison of mean HP VAS scores for pain at different time intervals between 3 groups using kruskal wallis test

                  

                  
                        
                           
                              	
                                 
                              
                               Time

                              
                           
                           	
                                 
                              
                               Groups

                              
                           
                           	
                                 
                              
                               N

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               SD

                              
                           
                           	
                                 
                              
                               Min

                              
                           
                           	
                                 
                              
                               Max

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                               Pre-op

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               134.60

                              
                           
                           	
                                 
                              
                               19.42

                              
                           
                           	
                                 
                              
                               114

                              
                           
                           	
                                 
                              
                               170

                              
                           
                           	
                                 
                              
                               0.74

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               141.70

                              
                           
                           	
                                 
                              
                               19.22

                              
                           
                           	
                                 
                              
                               114

                              
                           
                           	
                                 
                              
                               170

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               137.20

                              
                           
                           	
                                 
                              
                               22.34

                              
                           
                           	
                                 
                              
                               114

                              
                           
                           	
                                 
                              
                               170

                              
                           
                        

                        
                              	
                                 
                              
                               6 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               53.50

                              
                           
                           	
                                 
                              
                               47.02

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               170

                              
                           
                           	
                                 
                              
                               0.03*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               13.60

                              
                           
                           	
                                 
                              
                               19.50

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               22.60

                              
                           
                           	
                                 
                              
                               22.05

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                               12 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               67.50

                              
                           
                           	
                                 
                              
                               27.70

                              
                           
                           	
                                 
                              
                               23

                              
                           
                           	
                                 
                              
                               114

                              
                           
                           	
                                 
                              
                               <0.001*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               15.40

                              
                           
                           	
                                 
                              
                               18.54

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               21.80

                              
                           
                           	
                                 
                              
                               17.86

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                        

                        
                              	
                                 
                              
                               24 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               35.70

                              
                           
                           	
                                 
                              
                               23.62

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               85

                              
                           
                           	
                                 
                              
                               0.009*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               8.20

                              
                           
                           	
                                 
                              
                               13.67

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               36

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               12.80

                              
                           
                           	
                                 
                              
                               14.04

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               36

                              
                           
                        

                        
                              	
                                 
                              
                               48 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               17.20

                              
                           
                           	
                                 
                              
                               20.02

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                           	
                                 
                              
                               0.04*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               2.30

                              
                           
                           	
                                 
                              
                               7.27

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               23

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               4.60

                              
                           
                           	
                                 
                              
                               9.70

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               23

                              
                           
                        

                        
                              	
                                 
                              
                               72 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               12.30

                              
                           
                           	
                                 
                              
                               18.23

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               54

                              
                           
                           	
                                 
                              
                               0.04*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               0

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               10

                              
                           
                           	
                                 
                              
                               4.60

                              
                           
                           	
                                 
                              
                               9.70

                              
                           
                           	
                                 
                              
                               0

                              
                           
                           	
                                 
                              
                               23

                              
                           
                        

                     
                  

                  

               

               

               
                     
                     Table 2

                     Multiple comparison of mean difference in HP VAS scores b/w groups at different time intervals using mann whitney test

                  

                  
                        
                           
                              	
                                 
                              
                               Time

                              
                           
                           	
                                 
                              
                               (I) Groups

                              
                           
                           	
                                 
                              
                               (J) Groups

                              
                           
                           	
                                 
                              
                               Mean Diff. (I-J)

                              
                           
                           	
                                 
                              
                               95% CI for the Diff.

                              
                           
                           	
                                 
                              
                               p-value

                              
                           
                        

                        
                              	
                                 
                              
                               Lower

                              
                           
                           	
                                 
                              
                               Upper

                              
                           
                        

                        
                              	
                                 
                              
                               6 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               39.90

                              
                           
                           	
                                 
                              
                               4.39

                              
                           
                           	
                                 
                              
                               75.41

                              
                           
                           	
                                 
                              
                               0.01*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               30.90

                              
                           
                           	
                                 
                              
                               -4.61

                              
                           
                           	
                                 
                              
                               66.41

                              
                           
                           	
                                 
                              
                               0.08

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               -9.00

                              
                           
                           	
                                 
                              
                               -44.51

                              
                           
                           	
                                 
                              
                               26.51

                              
                           
                           	
                                 
                              
                               0.33

                              
                           
                        

                        
                              	
                                 
                              
                               12 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               52.10

                              
                           
                           	
                                 
                              
                               27.89

                              
                           
                           	
                                 
                              
                               76.31

                              
                           
                           	
                                 
                              
                               0.001*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               45.70

                              
                           
                           	
                                 
                              
                               21.49

                              
                           
                           	
                                 
                              
                               69.91

                              
                           
                           	
                                 
                              
                               0.001*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               -6.40

                              
                           
                           	
                                 
                              
                               -30.61

                              
                           
                           	
                                 
                              
                               17.81

                              
                           
                           	
                                 
                              
                               0.38

                              
                           
                        

                        
                              	
                                 
                              
                               24 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               27.50

                              
                           
                           	
                                 
                              
                               7.85

                              
                           
                           	
                                 
                              
                               47.15

                              
                           
                           	
                                 
                              
                               0.006*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               22.90

                              
                           
                           	
                                 
                              
                               3.25

                              
                           
                           	
                                 
                              
                               42.55

                              
                           
                           	
                                 
                              
                               0.02*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               -4.60

                              
                           
                           	
                                 
                              
                               -24.25

                              
                           
                           	
                                 
                              
                               15.05

                              
                           
                           	
                                 
                              
                               0.44

                              
                           
                        

                        
                              	
                                 
                              
                               48 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               14.90

                              
                           
                           	
                                 
                              
                               -0.08

                              
                           
                           	
                                 
                              
                               29.88

                              
                           
                           	
                                 
                              
                               0.04*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               12.60

                              
                           
                           	
                                 
                              
                               -2.38

                              
                           
                           	
                                 
                              
                               27.58

                              
                           
                           	
                                 
                              
                               0.11

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               -2.30

                              
                           
                           	
                                 
                              
                               -17.28

                              
                           
                           	
                                 
                              
                               12.68

                              
                           
                           	
                                 
                              
                               0.54

                              
                           
                        

                        
                              	
                                 
                              
                               72 Hrs

                              
                           
                           	
                                 
                              
                               Group 1

                              
                           
                           	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               12.30

                              
                           
                           	
                                 
                              
                               -0.92

                              
                           
                           	
                                 
                              
                               25.52

                              
                           
                           	
                                 
                              
                               0.03*

                              
                           
                        

                        
                              	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               7.70

                              
                           
                           	
                                 
                              
                               -5.52

                              
                           
                           	
                                 
                              
                               20.92

                              
                           
                           	
                                 
                              
                               0.30

                              
                           
                        

                        
                              	
                                 
                              
                               Group 2

                              
                           
                           	
                                 
                              
                               Group 3

                              
                           
                           	
                                 
                              
                               -4.60

                              
                           
                           	
                                 
                              
                               -17.82

                              
                           
                           	
                                 
                              
                               8.62

                              
                           
                           	
                                 
                              
                               0.15

                              
                           
                        

                     
                  

                  

               

            

         

         
               Results

            Mean HP VAS scores for pain was compared at different time intervals between 3 groups and was evaluated using Kruskal Wallis
               Test (Table  1) and multiple comparison of the mean difference in HP VAS scores between groups at different time intervals was done using
               Mann Whitney Test (Table  2). 

            Amongst the three groups, there was no statistically significant difference in mean age (P=0.99). There was no statistically
               significant differences in the distribution of gender among the groups (P=0.59), and there was no statistically significant
               difference in the array of teeth treated among the three study groups (P=0.99).
            

            There was no significant difference in the mean HP VAS scores between 3 groups at pre-op period (P=0.74)

            At 6,12 and 24h post-operative period the difference in the mean HP VAS scores between 3 groups was statistically significant
               and the mean HP VAS scores in Group 2 and 3 was significantly lesser as compared to Group 1. 
            

            At 48 and 72h post-operative period mean HP VAS scores in Group 2 was significantly lesser as compared to Group 1, However,
               no significant difference was found between Group 1 and Group 3 and also between Group 2 and Group 3. (Table  1)
            

         

         
               Discussion

            Debridement and shaping of root canals during endodontic treatment may cause the extrusion of irritants into the periapical
               tissues, including microorganisms, bacterial toxins, pulp remnants, and irrigating solutions, necessitating the administration
               of analgesics in a significant number of cases.2 

            After a root canal procedure, pain levels have been estimated to range from 25 to 69%.6, 7

            Some research claim that only 4–10% of endodontic patients experience moderate to severe postoperative pain,8  whereas other studies claim that the prevalence is closer to 50%.9

            Post-treatment endodontic pain has been managed with a variety of medication groups, including NSAIDs, opioids, acetaminophen
               and steroids. 10, 11

            The objective of this clinical trial was to evaluate the impact of preoperative submucosal corticosteroid administration on
               postoperative pain following single-visit root canal therapy. As such, corticosteroids should be administered prior to the
               procedure rather than during or after it. Therefore, in the current study, medications were given before the start of the
               root canal procedure. Steroids may also work by reducing bradykinin mediators by accelerating the production of angiotensin
               converting enzyme. 12, 13

            The investigation of pain intensity revealed that all three groups had similar mean pain levels prior to endodontic treatment.
               The study's findings demonstrated a significant decrease in post-operative discomfort in the groups receiving preoperative
               corticosteroids. 
            

            According to research by Shantiaee et al., dexamethasone local infiltration reduced postoperative endodontic pain  after surgery
               for 24 hours more effectively than morphine.14 In their investigation, Sharma et al. hypothesised that preoperative oral dexamethasone administration and preoperative oral
               administration of SAID both considerably reduced postoperative endodontic pain. 15

            Dexamethasone has a far stronger anti-inflammatory effect than other steroids, such as 25 times that of hydrocortisone and
               6 times that of prednisolone.16, 17

            Triamcinolone is frequently used in oral surgery and intralesional injections, while its usage in endodontics is less prevalent.
               The usefulness of submucosal triamcinolone in reducing pain after root canal therapy has not been studied.
            

            By decreasing the volume and activity of lymphatic networks, triamcinolone acetonide inhibits the immune system. reduces inflammation
               by reversing capillary permeability and inhibits the movement of polymorphonuclear leukocytes. Since it has better local potency,
               a longer half-life, and less systemic absorption, it is a better corticosteroid for intralesional injection. 18, 19 
            

             This study aimed to evaluate the efficacy of submucosal dosage over other techniques since submucosal application has recently
               been compared to other methods because of its low-dose efficiency and capacity to minimise potential negative effects.20 
            

            The study's potential limitations include the limited sample size and confinement to patients with irreversible pulpitis,
               which prevents extrapolation of the findings to patients with pulpal necrosis. To assess the effectiveness of these drugs
               in root canal therapy, additional clinical studies with diverse clinical situations, greater sample sizes, and varying drug
               dosages can be conducted.
            

         

         
               Conclusion

            In conclusion, following single visit root canal treatment for teeth with symptomatic irreversible pulpitis, a preoperative
               submucosal dosage of dexamethasone and triamcinolone acetonide is capable of minimising post endodontic pain.
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