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Abstract
Background/Aim: Effective management of endodontic pain presents a continuing challenge. This study evaluated the use of a preoperative, single dose of steroidal anti-inflammatory (SAID) drug given through various routes for the prevention and control of post-endodontic pain. Materials and Methods: In this randomized placebo controlled clinical trial 100 patients were randomly assigned to 5 groups and subgroups, Placebo and Dexamethasone given through oral, intramuscular, supraperiosteal and intraligamentory routes. The medications were administered 1 h before the start of standard endodontic treatment. Postoperative pain was assessed after 6, 12, and 24 h by using a visual analogue scale (VAS). Results:  Based on student t-test analysis, the outcome showed that post operatively, percentage reduction of preoperative pain was significantly more with preoperative administration of steroids  than placebo irrespective of the route of administration(P<0.05). Also, oral administration of dexamethasone resulted in significantly more percentage of reduction in preoperative pain as compared to other routes after 24 h (P<0.05). Conclusions: This study suggested that a preoperative administration of SAID resulted in significant less post-operative endodontic pain at all time-intervals. Preoperative oral administration of Dexamethasone performed best in reducing pain post operatively. Further studies are needed to evaluate the applicability of these finding in other clinical conditions, single versus multiple visit endodontic treatment models or utilizing other drug regimens.
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Introduction

Pain control is a major issue in dental practice. Studies (1-3) have shown that the major reason why over 50% of adult do not seek routine dental care is the fear of pain. One of the objectives of endodontic therapy is to relieve and/or prevent associated pain and suffering. By using right anaesthetic agent and technique, this pain can be largely eliminated during treatment; in contrast, post-treatment endodontic pain remains a signiﬁcant problem. (4)  25%–40% of all endodontic patients have been reported to suffer from post-treatment pain. (4-6) Studies (7-9) have shown that factors such as preoperative pain, anxiety, tooth type, gender, age, and retreatment were significantly predictive for incidence of post-operative pain. Cases of severe preoperative pain tend to develop more severe post endodontic pain in comparison to mild or no preoperative pain.(1,3 )
Endodontic instrumentation, irritating irrigants or intracanal medications, periapical contamination and temporary restorations in hyperocclusion are the possible causes for post endodontic pain due to treatment procedures. (3, 5, 6) Irritation of periradicular tissues caused by tissue trauma, caustic irrigating solutions or contamination during root canal therapy causes an acute-inflammatory reaction, potentially leading to pain and/or swelling. Prostaglandins, leukotrienes, substance P etc are amongst the chemical mediators that have been associated with this inflammatory process. Prostaglandins increase vascular permeability, elevate chemotactic activity, induce fever, and increase sensitivity of pain receptors to other inflammatory mediators. (4, 5, 10)
Multiple approaches are used for management of endodontic pain, which are directed at reducing peripheral and central components of hyperalgesia in combination with endodontic procedures and pharmacotherapy. In this context, drugs that modulate the inflammatory response should be considered for the prevention and control of post endodontic pain. Therefore, systemic drugs (analgesic and anti-inﬂammatory) have been used to reduce the severity of post-treatment pain. These, pharmaceutical drugs (analgesic and anti-inﬂammatory) (1, 2, 10, 11) have been used by various routes (oral, (6) intramuscular, (12) intraligamentory, (13) supraperiosteal (4) to reduce the severity of post-treatment pain.

However, a deﬁnitive pharmaco-therapeutic protocol to prevent and control the occurrence of post-endodontic pain has not yet been established. In comparison to repeated doses during the postoperative period, a preoperative, single dose of drug can modulate release of inflammatory mediators and reduce the occurrence of post endodontic pain. An anti-inflammatory agent provides maximum benefit when its therapeutic levels are reached before tissue manipulation. (5, 6, 10, 11)
Dexamethasone is a steroid that inhibits the synthesis of cytokines by inducing the synthesis of anti-inflammatory lipocortins. It inhibits phospholipase- A2 and consequently reduces prostaglandins and leukotriene synthesis, decreasing polymorphonuclear leukocyte chemotaxis. In addition it supresses the production of free oxygen radicals and nitric oxide by endodothelial cells. (4, 5, 10)
Till date no study has been conducted in which different routes (oral, intramuscular, intraligamentory, supraperiosteal) were compared to prevent and control the occurrence of post endodontic pain. Thus, the purpose of this randomized, placebo controlled clinical trial was to evaluate and compare the effect of Dexamethasone administered through different routes for management of post-operative pain in a single-visit endodontic model.
Materials and Method
This study was approved through the ethical committee of the institute and all the patients included in the study gave written informed consent. One hundred patients between the ages of 18 and 50 years were selected from the OPD of the Department. The procedure for screening included a thorough medical history, dental history, history of present illness and clinical examination. Clinical examination included inspection, palpation, percussion, periodontal probing, mobility and vitality assessment of the concerned tooth and periapical radiograph. All past and present symptoms were noted. A diagnosis was determined on the basis of the history as well as clinical and radiographic features.
The inclusion criteria for the study were requirement for nonsurgical endodontic therapy in systemically healthy patients, restorable maxillary and mandibular teeth except third molar that could be treated in single visit, patients with mild to moderate pain (VAS) and irreversibly inflamed pulp requiring endodontic therapy. Exclusion criteria were analgesic and inﬂammatory drugs taken within the last 6 h, acute endodontic or periodontal abscess, periodontal diseases, requirement for prophylactic antibiotics, pregnancy or lactation, mental disabilities, systemic diseases that contraindicated the endodontic therapy, and any known sensitivity or other adverse reactions to dexamethasone .

Patients were randomly divided into following groups and subgroups based on pre-treatment medication which was given 1 h before the commencement of root canal treatment (Fig 1 and Tab 1)
1) Group S-(Steroid Dexamethasone)

     Subgroup SOD (Oral Dexamethasone, 4 mg, n=20)

     Subgroup SIM (Intra muscular Dexamethasone, 4 mg/ml, n=20)

     Subgroup SIL (Intra ligamentory Dexamethasone, 4 mg/ml, n=20)

     Subgroup SPD (Supraperiosteal Dexamethasone, 4 mg/ml, n=20)

 2) Group P (Oral placebo, n=20)

Treatment in all cases was completed in a single visit. The concerned teeth (according to the clinical condition) were anesthetized with a solution of 2% Lidocaine with 1:100,000 epinephrine (Lignox 2%, Warren, Indoco), followed by rubber dam isolation, access, cleaning and shaping of the canals. The root canal treatment procedure was conducted by using crown-down technique with rotary Protaper files (DENTSPLY Tulsa Dental, Tulsa, UK). Two ml of 2.5% sodium hypochlorite was used between each ﬁle, and the irrigant remained in the canal throughout the entire procedure.  Final rinse was done with 3 ml of 17% EDTA solution followed by 5 ml of distilled water. Root canals so prepared were dried with paper points  and obturation of the prepared root canals was done using corresponding Protaper gutta-percha cones (DENTSPLY Maillefer, Ballaigues, Switzerland) and AH Plus( Dentsply sealer. Access cavity was temporarily restored using Cavit (3M/ESPE, St Paul, MN). The concerned tooth was grounded out of occlusion for relief from masticatory forces.

Patients were instructed to complete a pain diary 6, 12, and 24 h after root canal instrumentation. The method used to measure clinical pain intensity was the visual analogue scale (VAS). Patients were asked to make a mark on the line that represented their level of perceived pain. Thus, pain intensity was assigned into 4 categorical scores: none (0); mild (1–3); moderate (4–6); and severe (7–10).
The volunteers received rescue medication (acetaminophen) and were instructed to take this medication as needed; however, in this case, patients were removed from the study and same number of new patients were selected and added in that group.
Results
The data obtained from the experiment was tabulated. For the sake of statistical analysis and standardization, the VAS values were converted on a pain percentile scale considering pre-operative pain as 100% and reduction in post-operative pain was recorded as percentage pain reduction. The results of pain intensity (VAS) were computed as the means and standard error (SE) and statistically analysed using unpaired ‘t’ test and paired ‘t’ test for determining the significance at 5% level of confidence. (Fig 2)
When taken together post-endodontic pain was found signiﬁcantly less in all groups at 6, 12, and 24 h than preoperatively (P < 0.05). The mean percentage pain reduction (MPPR) was statistically more for experimental group (S) compared to placebo group (P < 0.05) except SIM and SIL. Furthermore preoperative administration of oral steroidal anti-inflammatory drug (S0D) reduced post endodontic pain significantly more (P < 0.05) than SIL  at 6,12  and 24 h , however the difference was significant for SIM and SPD  at 6 h interval. Although SPD had more MPPR value than SIM followed by SIL but the difference between SPD and SIL was significant only at 12 and 24 h interval while it was insignificant for SIM at all-time intervals (P < 0.05) .
Discussion
A VAS was used to evaluate pain intensity; this scale has been used in most of the previous studies that analyzed pain after endodontic treatment. The VAS is more sensitive to small changes than simple descriptive ordinal scales.(14) Only patients with mild to moderate pain were selected as severe postoperative pain has been associated with flare up. (8)
Protocols for assessing endodontic pain differ from oral surgery models in several respects. Patients in need of endodontic treatment might have different systemic conditions and might vary in age or the degree of pulpal pathology; these factors could introduce bias into a study. (5-7, 11, 15)  Periapical anatomy is another important factor that can lead to different inﬂammatory responses after root canal therapy.(5,15) Thus, the evaluation of analgesic and anti-inﬂammatory drugs in oral surgical procedures cannot be directly extrapolated for determining the appropriate approach to treating endodontic pain.

In the present study there was a significant reduction in post-operative pain at all-time intervals (6 h, 12 h, 24 h) in both the experimental as well as placebo group under consideration. This is in accordance to the previous studies. (4-6, 16 , 17)  No study could be found in literature to contradict this finding of the present study.

Though, the placebo as well as experimental drugs resulted in significant reduction of post-operative pain, dexamethasone performed significantly better then placebo drug i.e. Lycosta. Placebo group is commonly incorporated in drug efficacy studies.(5) For ethical reasons all patients were informed a possibility of receiving a sham treatment. It has been shown that a combination of placebo and biopulpectomy is able to provide pain relief in 71% individuals. (18) Studies in patients with pre-existing pain have shown significant reduction in pain by using placebo after biopulpectomy. (11, 19)  This might have been the reason for significant reduction in post-operative pain with placebo group. However, as the placebo group did not possess any of the anti-inflammatory / analgesic property as those of dexamethasone, and is not expected to influence the inflammatory cascade as such. Therefore, placebo group resulted in significantly lower reduction in post-operative pain. This observation is in agreement with other studies in literature. (5, 6)
The anti-inflammatory properties of glucocorticoids were first appreciated and utilized as an adjunct to endodontic therapy almost half a century ago. The uses of glucocorticoids have been documented to exert an anti-inflammatory effect either locally or systemically.(10)  Glucocorticoids have been used as a pulp capping agent, as an intracanal medicament either alone or in combination with antibiotics / antihistamines, and systemically as a means to decrease pain and inflammation in endodontic 
patients. (20-22)  
In the present study, dexamethasone was administered via four different routes for evaluation of post-endodontic pain. Oral dexamethasone performed significantly better than SIL at all time-intervals, however difference was significant to SIM and SPD only at 6h in alleviating post-operative pain. On comparing oral and intramuscular route for delivery of corticosteroid, literature is mostly suggestive of similar or better performance of oral route in various study models. (4, 23)  Studies also suggest that intramuscular route be restricted to those patients who have problems with either compliance of oral route (nausea, vomiting, diarrhoea etc) or those who are unreliable or uncooperative in following the drug regimen. The intramuscular route is contraindicated when a medication is erratically absorbed or when there is a concern for allergy or 
anaphylaxis. (23)
Although the intramuscular and intraligamentary injection of dexamethasone is clinically effective and reduces the need for repetitive post-operative dosage but operator experience, patients discomfort, fear and extra armamentarium may be limiting factors. Both of these techniques are more invasive and associated with more tissue trauma that might lead to more post-operative discomfort. (4, 23)  Among the intraligamentory and intramuscular route, intramuscular administration of dexamethasone was found to be more effective than the intraligamentory route as expected. This can be related to more tissue trauma, pain and early wash-out of the drug from the localized area into the blood stream associated with the intraligamentory technique. Also, the ability to inject effective dose via intraligamentory route is questionable. (13)
Oral route of administration can give delayed onset of actions, can create an erratic response due to pharmacokinetics and relies on patient compliance. However, the oral route does provide a convenient, economic and non-invasive route of administration to most patients. (24)  Delivery via oral route resulted in greatest amount of reduction in post-operative pain. No study could be found in literature for simultaneous comparison of the time based efficacy of these routes of administration of dexamethasone for evaluating reduction in post-operative pain in an endodontic model.

Reduction in post-operative pain via different routes during first 6 h was inconsistent and variable when compared to 12 h and 24 h interval. This inconsistency could be explained by following reasons; Different methods (block, infiltration etc) of anaesthetic delivery were used for different teeth leading to different duration of actions. During the initial 6 h the effect of local anaesthetic which usually last for 3-4 h might have hampered the evaluation of true effects generated by dexamethasone administered though different routes. Usually the peak-intensity of post-operative endodontic pain is seen at 12-24 h. So it is during this period that the evaluation of anti-inflammatory and analgesic effect of various drugs should be more appreciable critically analysed.

In the light of present discussion and within the limitation of the present study it can be concluded that pre-operative administration of steroidal anti-inflammatory drugs resulted in significant reduction in post-operative endodontic pain when introduced by various routes. Pre-operative administration of steroidal drug (Dexamethasone) resulted in significantly more reduction in pain as compared to Placebo after 24 h. Oral route of pre-operative administration of steroidal drug was more effective than other routes in reducing post-operative pain. Further clinical studies examining different clinical conditions, single- versus multiple-visit endodontic treatment, and other regimens for prednisolone treatment should be carried out to elucidate the potential of these drugs in the context of endodontic treatment.
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Figure Legends
Fig 1. Flow diagram of the clinical trial
Table 1- Details of the medication used in trial.
Fig 2- Mean percentage pain reduction at different time-intervals for all groups. P, Placebo; SOD, Oral Steroid; SPD, Supraperiosteal Steroid; SIM,intramuscular Steroid; SIL, Intraligamentory Steroid.
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