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            Abstract

            
               
Root perforation is defined as an iatrogenic or pathological communication between the root canal system and the external
                  tooth/root surface. They may be pathologic or iatrogenic in etiology. Iatrogenic perforations during root canal therapy account
                  for a large portion of endodontic failures and may necessitate the need for extraction. Assessing the sites commonly perforated
                  helps anticipate such complications and thereby formulate means to improve the quality of treatment offered. This study aims
                  to assess the different areas of perforation while performing root canal treatment. A retrospective cross-sectional study
                  was conducted using the patient records from the OPD of Saveetha Dental College, Chennai from June 2019 to April 2020, and
                  patients above the age of 18 years who underwent perforation management were selected by non-probability sampling. Data was
                  collected and then subjected to statistical analysis using Statistical Package for Social Science for Windows (version 20.0,
                  SPSS Inc., Chicago Ill., USA). Chi-square test was employed with a level of significance set at p<0.05. It was found that
                  the most common site of perforation was the furcation area (50%), followed by crown perforations (44.1%). There were more
                  males (52.9%) who experienced perforations than females and the most common age group was 35-55 years (50%). There was a significant
                  difference between the site of perforation and tooth involved (p=0.032). There also was a significant difference between the perforation site and the arch involved (p=0.044). The most commonly perforated tooth was found to be mandibular molars.
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               Introduction

            Root canal therapy is extensively acknowledged as a complex dental procedure. The key objective of endodontic therapy is to
               eliminate or decrease the microorganisms from the root canal space by chemomechanical preparation and to prevent re-infection
               and promote periapical healing by sealing the root canal space airtight  (Kabak & Abbott, 2005).  When the highest standards are followed during the procedure, endodontic therapy has a high success rate. Literature shows
               a success rate of 90–95% for root canal treatments  (Adebayo, 2012; Kerekes & Tronstad, 1979; Sjögren, 1990).
            

            In spite of the high success rate of root canal treatment, failures do occur in a large number of cases and most of the times
               may be attributed to persistence of bacteria (intra-canal and extra-canal), inadequate filling of the canal, overextension
               of root filling materials, improper coronal seal (leakage), untreated major and accessory canal, iatrogenic procedural errors
               such as poor access cavity design and complications of instrumentation such as ledges, perforations, or separated instruments
               (Ramamoorthi, Nivedhitha, & Divyanand, 2015; Siqueira, 2001; Tabassum & Khan, 2016).
            

            A perforation is a communication that arises between the periodontium and the root canal space. Perforations may be pathological,
               resulting from caries or resorptive defects, but most commonly are iatrogenic, occurring during or after root canal treatment.
               Perforations are found to account for as many as 10% of all failed endodontic cases  (Fuss & Trope, 1996). The etiology of iatrogenic perforations may be understood as follows:
            

            Perforations of the coronal third often result from endeavors to locate and open canals. The common causes of coronal and
               furcation perforation include calcifications of the pulp chamber and the orifices, misidentification of canals, significant
               crown-root angulations and excessive removal of coronal dentine.
            

            Strip perforations of the middle third may occur if there is overzealous instrumentation typically following an aggressive
               crown-down approach using GG-drills or large files in narrow canals as well as sclerosed canals. Characteristically, this
               occurs in curved molar roots resulting in a furcational strip perforation and may also occur while negotiating sclerosed canals.
            

            Perforations of the apical third may be due to inadequate cleaning and shaping of the canal leading to blockages and ledges
               causing instruments to deviate, transporting the canal until a perforation occurs. Stiff instruments placed into curved canals
               may also straighten the canal, causing zip perforations. Apical perforations occur when the dentist aggressively passes the
               files through the apical constriction.
            

            Post-space preparation following obturation may result in both apical and strip perforation. Sometimes the post is not placed
               into the root canal but the adjacent dentine, resulting in catastrophic consequences 
            

            Iatrogenic perforations during root canal therapy account for a large portion of endodontic failures and may compel the need
               for extraction of the tooth. This study therefore aims to shed light on the sites commonly perforated during endodontic therapy
               in order to stress the importance of foreseeing such mishaps and improve the quality of treatment offered.
            

         

         
               Materials and Methods

            
               Study design and setting
               
            

            This retrospective study examined the records of patients from June 2019-April 2020 undergoing treatment at Saveetha Dental
               College, Chennai. Ethical approval was obtained from the Institutional Ethics Committee. The study population included patients
               of age 18 years and above who underwent perforation management at the OPD of Saveetha Dental College by means of non-probability
               convenience sampling. Patients with mental or physical disability were excluded from the study.

            
               Data collection
               
            

            Saveetha Dental College’s patient records were analysed to identify 34 patients in the hospital database who underwent perforation
               repair. All the data available were included to minimize sampling bias. Relevant data such as patient age, sex, tooth involved,
               site of perforation and operator qualification was recorded. Repeated patient records and incomplete records were excluded.
               Data was verified by an external reviewer.
            

            
               Statistical analysis
               
            

            Data was recorded in Microsoft Excel/2016 (Microsoft office 10) and later exported to the Statistical Package for Social Science
               for Windows (version 20.0, SPSS Inc., Chicago Ill., USA) and subjected to statistical analysis. Chi-square test was employed
               with a level of significance set at p<0.05.
            

         

         
               Results and Discussion

            The final dataset consisted of 34 patients of Indian origin who underwent perforation repair. The mean age of the population
               was found to be 41.50±13.97 years. The most common age group undergoing perforation repair was found to be 35-55 years (50%),
               followed by the age group less than 35 years (35.3%), 55-75 years (11.8%) and more than 75 years being the least (2.9%) [Table  1].
            

            

            
                  
                  Table 1

                  Age distribution

               

               
                     
                        
                           	
                              
                           
                           Age groups

                           
                        
                        	
                              
                           
                           Frequency

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Less than 35 years

                           
                        
                        	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           35.3

                           
                        
                     

                     
                           	
                              
                           
                           35-55 years

                           
                        
                        	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           50

                           
                        
                     

                     
                           	
                              
                           
                           55-75 years

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           11.8

                           
                        
                     

                     
                           	
                              
                           
                           More than 75 years

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           2.9

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                           34

                           
                        
                        	
                              
                           
                           100

                           
                        
                     

                     
                           	
                              
                           
                           Mean ± S.D

                           
                        
                        	
                              
                           
                           41.50 ± 13.97

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Frequency distribution of perforation sites

               

               
                     
                        
                           	
                              
                           
                           Site of perforation

                           
                        
                        	
                              
                           
                           Frequency

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Crown perforation

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           44.1

                           
                        
                     

                     
                           	
                              
                           
                           Furcal perforation

                           
                        
                        	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           50

                           
                        
                     

                     
                           	
                              
                           
                           Root perforation

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           5.9

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                           34

                           
                        
                        	
                              
                           
                           100

                           
                        
                     

                  
               

            

            

            
                  
                  Figure 1

                  Gender distribution. Graph shows the gender distribution of the study population (N=34)
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                  Figure 2

                  Perforation sites.  Graph depicts the different sites of perforation

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/a49ad19e-fa2b-452f-8d6b-a6edac51249e/image/6038e943-e22b-450b-9728-abca5849f8a3-upicture2.png]

            

            
                  
                  Figure 3

                  Perforation site vs tooth perforated.  Bar graph depicting the association of site of perforation with the tooth perforated
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                  Figure 4

                  Perforation site vs arch involved.  Bar graph depicting theassociation of site of perforation with arch involved
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            Most of the patients who underwent perforation repair were found to be males (52.9%), while 47.1% of them were females [Figure  1].
            

            The most perforated site was found to be furcal perforations (50%), followed by crown perforations (44.1%) and root perforations
               (5.9%) [Figure  2, Table  2].
            

            There was a statistically significant difference between perforation site and tooth perforated. (p=0.039) The most commonly perforated site being furcation of molars, followed by crown perforations in molars followed by
               incisors [Figure  3]. There also was a statistically significant difference between perforation site and arch involved (p=0.044). The most commonly perforated site was furcation involving mandibular teeth, followed by crown perforations in maxillary
               teeth and crown perforations of mandibular teeth [Figure  4]. The current study showed that the most commonly affected site is furcation of mandibular molars.

            Table  1  shows the age distribution of the study population. Mean age of the population is 41.50±13.97 years. Most common age group
               was found to be 35-55 years (50%), followed by <35 years (35.3%), 55-75 years (11.8%) and >75 years (2.9%). In Figure  1, X-axis represents gender and Y-axis represents the frequency. 52.9% were males, while 47.1% were females. In Figure  2, X-axis depicts the site of perforation and Y-axis shows the frequency of perforation. Most of perforations were at the furcation
               (50%), followed by crown perforations (44.1%) and root perforations (5.9%). In Figure  3, X-axis shows the site of perforation and Y-axis shows the frequency of perforations. Purple depicts incisors, blue depicts
               canines, green depicts premolars and violet depicts molars. Graph shows that the most commonly perforated site was furcation
               with the tooth involved being molars, followed by crown perforations with involvement of molars followed by incisors. There
               is a significant difference between perforation sites and tooth perforated. (Chi-square test, p=0.039-significant)
            

            In Figure  4, X-axis shows the site of perforation and Y-axis shows the frequency of perforations. Blue depicts the maxillary arch and
               purple depicts the mandibular arch. Graph shows that the most commonly perforated site was furcation involving mandibular
               teeth, followed by crown perforations in maxillary teeth and crown perforations of mandibular teeth. There is a significant
               difference between perforation sites and arch involved. (Chi-square test, p=0.044-significant).
            

            The data for this retrospective study was based on residents of Chennai seeking treatment at Saveetha Dental College. Currently,
               there are no existing studies investigating the distribution of sites perforated while performing root canal therapy in Chennai.
               Since all the data available were included without a sorting process, no bias was expected in the selection of patients. The
               current study aims to shed light on the sites commonly perforated during endodontic therapy in order to stress the importance
               of foreseeing such mishaps and improve the quality of treatment offered.
            

            Diagnosis and pre-treatment investigations are of utmost importance  (Janani, Palanivelu, & Sandhya, 2020; Shihaab, Pradeep, & Noor, 2016). The position of the perforation relative to the level of the crestal bone and the epithelial attachment is critical when
               assessing prognosis  (Frank, 1974). Perforations at the furcation of multi-rooted teeth, are regarded to be in the critical zone due to its proximity to the
               epithelial attachment and the gingival sulcus. Perforations that are coronal to the critical zone have a good prognosis as
               they are easily accessible and it is possible to achieve an adequate seal without periodontal involvement  (Sinai, 1977). The current study showed a higher prevalence of furcation perforations, which was contradictory to the findings from the
               study carried out by Kvinnsland I et al. which showed a higher prevalence of root perforations  (Kvinnsland, 1989)  and the study by Haji-Hassani N et al. which showed a higher prevalence of strip perforations  (Haji-Hassani, Bakhshi, & Shahabi, 2015). This disparity may be accounted to the regional variation and operator hand skill.
            

            The current study revealed a male predominance for iatrogenic perforations. This was also observed in the various case reports
               available in literature such as the studies carried out by Bains R et al. and Ciobanu IE et al.  (Bains, 2012; Ciobanu, 2016). This male predilection may be accounted to root canal morphology variation between genders as documented by M Kazemipoor
               et al.  (Kazemipoor, Hajighasemi, & Hakimian, 2015).
            

            The results of the current study showed a higher frequency for mandibular molars to be perforated. This was in congruence
               with the study by Sivakumar P et al and Tsesis I et al, which showed more frequency in mandibular molars as well  (Sivakumar, 2020; Tsesis, 2014). This could be due to the fact that mandibular molars are the most commonly treated teeth as they are most prone to caries
               (Zaatar, Al-Kandari, Alhomaidah, & Yasin, 1997). However, other studies like the ones carried out by Kvinnsland I et al. and Haji-Hassani N et al. showed greater frequency
               in maxillary molars  (Haji-Hassani et al., 2015; Kvinnsland, 1989). This variation may be due to operator skill and experience. It could also be due to ethnic differences. Ethnic differences
               and root canal morphology have been evaluated in various studies like, Trope et al. and Amos  among African American and Caucasian population  (Amos, 1955; Trope, Elfenbein, & Tronstad, 1986), Caliskan et al. and Sert and Bayirli on Turkish population  (Sert & Bayilri, 2004; Çalişkan, Pehlivan, Sepetçioğlu, Türkün, & Tuncer, 1995), Lu et al. and Walker on Chinese population  (Lu, Yang, & Pai, 2006; Walker, 1988), and Zaatar, et al. on the Kuwaiti population  (Zaatar et al., 1997).
            

            Proper analysis of the root canal morphology prior to treatment  (Ramanathan & Solete, 2015), along with anticipation of such endodontic complications in the critical zone would aid considerably in reducing their
               incidence and rendering quality treatment. Advancements in treatment modalities for negotiation of calcified canals  (Kumar & Antony, 2018)  may also be considered to improve the quality of treatment. Dental professionals need to be educated on these advancements
               (Nasim & Nandakumar, 2018; Nasim, Hussainy, Thomas, & Ranjan, 2018; Siddique, 2019)  using effective teaching techniques.
            

            The results of the current study showed a high prevalence of perforations in the critical zone, all the more necessitating
               the need to anticipate such mishaps in an attempt to render quality treatment. However, further studies are needed to establish
               these findings due to the small sample size of this study and the inclusion of only postgraduate and undergraduate students.
               More extensive research including all kinds of practitioners as well would establish more significant results.

         

         
               Conclusion

            Perforations can result in chronic infection and ultimately loss of teeth. The prevention of iatrogenic perforation is an
               integral part of all healthcare interventions. It is imperative that the clinician is able to identify a perforation when
               it has occurred and has knowledge of the best strategy for correcting the damage. This study revealed a predominance of the
               furcation of mandibular molars to be more frequently perforated. More extensive studies therefore need to be carried out to
               reiterate the need for more vigilant root canal therapy and to prevent mishaps that lead to endodontic failure.
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