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            Abstract

            
               
Success of any restoration depends on the material used and the skill of the operator. This study aims to compare the clinical
                  efficiency of postgraduates of various years in placing stainless steel crowns in maxillary 1st molars and thereby finding
                  how operator skills affect the placement by analyzing their grades. In this retrospective study the dental records of pediatric
                  patients who had visited the dental hospital located in Chennai, Tamil Nadu, India from June 2019 to March 2020 were reviewed.
                  Patients who underwent stainless steel crown placement of at least one primary maxillary 1st molar teeth under local or general
                  anesthesia of 2-6 years of age by postgraduates were included in the study.  Out of the 467 teeth treated 268 (57.38%) were
                  of males and 199 (42.61%) females. The percentage of treatment done at various ages were at 2 years: 33(7.06%), 3 years: 110(23.55%),
                  4 years: 150(32.11%), 5 years: 102(21.84%), 6 years: 71(15.20%). The percentage of crowns placed by postgraduates of various
                  years were 1st year postgraduates: 86(18.41%), 2nd year postgraduates: 170(36.40%), 3rd year postgraduates: 211(45.18%). Chi-square
                  test was done and the association was found to be not significant( p-value = 0.139). The frequency of each tooth treated being
                  primary right 1st molar: 164(35.11%), primary right 2nd molar: 56(11.99%), primary left 1st molar: 180(38.54%), and primary
                  left 2nd molar: 67(14.34%). This data showed that the 3rd year postgraduates got the most number of high grades 211(45.18%).
                  Chi-square test was done and the association was found to be significant (p-value = 0.000). There is a significant difference
                  in the placement of stainless steel crowns among the various postgraduates. There was a gradual increase in the clinical performance
                  with the 3rd years performing the best among the three years.  
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               Introduction

            In today’s world one of the major health problems affecting the overall oral health of children is dental caries  (Govindaraju & Gurunathan, 2017; Innes et al., 2015). Early childhood caries is defined as “the existence of one or more tooth decay (cavitated or non cavitated) removed (due
               to caries) or filled tooth surfaces in any primary dentition of children under 71 months of age”  (Pediatric Dentistry, 2018; Subramanyam, Gurunathan, Gaayathri, & Priya, 2018). It is multifactorial in nature  (Harrison & Davis, 1980; Leake, 1992; Peressini, Leake, Mayhall, Maar, & Trudeau, 2004). It is seen to affect families with low socioeconomic status and seen only in children  (Dye et al., 1988; Kanatami, 2008; Rowan-Legg, 2013). Any carious teeth has to be immediately restored which restores the arch integrity and disrupts the dental caries progress
               (Innes et al., 2015). 
            

            One of the major problems faced in the field of paediatric dentistry is the loss of primary teeth though various efforts are
               there present in the prevention of dental caries in children. The principal goal in paediatric dentistry is to retain the
               primary teeth in the oral cavity until its physiological exfoliation to preserve arch integrity  (Jeevanandan & Govindaraju, 2018; Ranly & Garcia-Godoy, 2000). 
            

            Stainless steel crowns were first introduced by Rocky Mountains in 1947 and have been used successfully for the past 70 years.
               They are placed both in primary and permanent teeth which require multi surface restorations  (Randall, 2002) high risk and mostly after pulp therapy. The success to these crowns was due to the easy availability, high durability and
               cost effective treatment  (Rodd, Waterhouse, Fuks, Fayle, & Moffat, 2006; Seale, 2002).
            

            Stainless steel crowns are given for various purposes. They can range from simple restorations involving class 1 caries to
               multiple surface caries in class 1 or a class 2 or class 3 caries according to G.V Black classification. Stainless steel crowns
               are also preferred after pulpectomy procedure. Pulpectomy of the primary teeth involves removal of the infected tissue from
               the root canal and filling it with a resorbable material  (Govindaraju, Jeevanandan, & Subramanian, 2017; Govindaraju, Jeevanandan, & Subramanian, 2017; Jeevanandan, 2017; Nair, Jeevanandan, R, & EMG, 2018).
            

            One cannot deny the fact that procedures preceding the placement of stainless steel crowns are also important in the long
               term success. The type of restorative material used below the crown and the optimal filling achieved during pulpectomy is
               also important. Type of obturation material, biomechanical preparation, entrance filling used are also ideal requirements.
               The rationale of the procedure includes chemical and mechanical removal of irreversibly inflamed or necrotic radicular pulp
               tissue, followed by root canal filling with an inert resorbable material  (Govindaraju, Jeevanandan, & Subramanian, 2017; Lakshmanan, 2020). A survey that was conducted among the endodontists and the general dentists in Tehran regarding the use of NiTi rotary
               instrumentation in permanent teeth concluded that there is a lack of knowledge in using rotary NiTi instruments and hence
               more training and comprehensive education is needed for the dentists  (Govindaraju et al., 2017).
            

            Care must be taken before placing any restoration as any intraoral pathologies and dental emergencies must be treated with
               priority. They could include trauma  (Ravikumar, Jeevanandan, & Subramanian, 2017), high frenal attachment  (Christabel, 2015), tongue tie causing difficulty in swallowing and speech, or any benign or malignant tumours that could be fatal and other
               salivary gland pathologies that could cause obstructions in the oral cavity or obstruct the flow of saliva which will affect
               the day to day life of the child causing discomfort and pain and ultimately interfering with the treatment procedure and cooperativeness
               (Packiri, 2017). 
            

            Proper post operative care and maintenance of good oral hygiene also determines the success of restorations. In this regard,
               the lack of parent’s or guardian’s attention will have a negative influence on the child’s oral status  (Gurunathan & Shanmugaavel, 2016).
            

            An accurate marginal fit was required between the tooth and the crown for protection of the tooth against the various external
               factors like bacterial, physical, chemical and thermal influence  (Erdemci, Cehreli, & Tirali, 2014). This further leads to increase in plaque accumulation and gingivitis and hence adversely affecting periodontal health when
               there are marginal discrepancies due to poor adaptation  (Durr, Ashrafi, & Duncan, 1982; Ramazani et al., 2010; Webber, 1974). 
            

            It is also important to note that the challenges exist not only in the material itself but also in the understanding and incorporation
               implications of the skill of the operator on placement of the restoration. This ranges from proper caries removal, cavity
               preparation, restoration use, knowledge of material properties, operators' judgement and intraoral location (anatomy of tooth
               structure, salivary flow, stress, temperature) can all affect the proper placement of a stainless steel crown. This study
               aims to compare the clinical efficiency of postgraduates of various years in placing stainless steel crowns in maxillary 1st
               molars and thereby finding how operator skills affect the placement by analyzing their grades. 
            

         

         
               Materials and Methods

            This was a hospital based retrospective study. Dental records of 86000 patients who had visited a private dental hospital
               from June 2019 to March 2020, located in Chennai, Tamil Nadu, India were retrieved manually and analysed. Patient ID, postgraduate
               ID, age, gender, tooth treated, grade value these data were extracted. Children who were diagnosed with ECC between 2- 6 years
               who had at least one stainless steel crown placed in 1st maxillary molars were included. A total of 268 males and 199 females
               were included in the study totalling up to 467 teeth. Children with systemic disorders, special children were excluded. This
               data was analysed by 2 examiners. Cross verification for incomplete and inaccurate data was cross verified using intraoral
               photographs and radiographs.
            

            All the procedures were done by only a single operator for a specific patient. A full mouth examination with intraoral periapical
               radiographs of the teeth indicated for stainless steel crowns was taken before the start of the clinical procedure. After
               confirmation of the diagnosis, local anesthesia was administered using 2% lignocaine with 1:200,000 adrenaline (LOX* 2% ADRENALINE,
               Neon Laboratories limited, India). The tooth was isolated using rubber dam (GDC Marketing, Hoshiarpur, Punjab, India). Using
               a round carbide bur in a high‑speed handpiece, all the caries were removed. The glass ionomer cement type 2 (Shofu, Shofuinc.
               Japan) was used to restore the cavity. 
            

            Crown preparation was done where occlusal reduction using a football shaped diamond bur ISO 257/018 (MANI.Inc, Japan) was
               followed by Inter-proximal using tapering fissure conical ended diamond bur ISO 197/016 (MANI.Inc, Japan), Buccal and Lingual
               reductions using tapering fissure round ended diamond bur ISO 197/016 (MANI.Inc, Japan). Crimping and Contouring were done
               to bend the gingival ⅓rd of the crown’s margins inward to establish a tight marginal fit and adaptation. This was achieved
               by using pliers No. 114, 417. This tooth was then restored with a stainless steel crown (3M, ESPE, US) of the appropriate
               size. For luting glass ionomer cement type 1 (Shofu, Shofuinc. Japan) was filled up to 2/3rds of the inner surface of the
               stainless steel crown and cemented and excess cement was removed. The interproximal areas were rinsed and checked for occlusion.
            

            
               Ethical aspect 
               
            

            The study was conducted with ethical approval from the ethical board of Saveetha Institute of Medical And Technical Sciences.

            
               Statistical Analysis
               
            

            The collected data were entered into Microsoft office excel 2013 datasheet transferred to SPSS version 26.0 software(SPSS
               version Chicago, IL, USA) for statistical analysis. The independent variables are age, gender. The dependant variables are
               teeth treated, grade value and student Id. They were put to descriptive analysis and mean, standard deviation and chi-square
               test were done to assess the significance of association between the categorical variables. 
            

         

         
               Results and Discussion

            Out of the 467 teeth treated 268 (57.38%) were of males and 199 (42.61%) females [Figure  2]. The percentage of treatment done at various ages were at 2 years: 33 (7.06%), 3 years: 110 (23.55%), 4 years: 150 (32.11%),
               5 years: 102 (21.84%), 6 years: 71 (15.20%) [Figure  1]. The percentage of crowns placed by postgraduates of various years was 1st year postgraduates: 86 (18.41%), 2nd year postgraduates:
               170 (36.40%), 3rd year postgraduates: 211 (45.18%) [Figure  3]. The frequency of each tooth treated being primary maxillary right 1st molar: 164 (35.11%), primary maxillary right 2nd
               molar: 56 (11.99%), primary maxillary left 1st molar: 180 (38.54%), and primary maxillary left 2nd molar: 67 (14.34%) [Figure  4]. 
            

            

            
                  
                  Figure 1

                  Bar graph showing the distribution of number of procedures for each age group represented in blue colour
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                  Figure 2

                  Bar graph showing the distribution of patients based on gender represented in red colour
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                  Figure 3

                  Bar graph showing the distribution of the percentage of crowns placed by postgraduates of various years
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                  Figure 4

                  Bar graph showing the distribution of the frequency of each treated tooth
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            Boys were mostly affected (75.38%). The maximum number of crowns were placed in 4 year olds (32.11%). Each postgraduate showed
               varying grades of clinical efficiency. This data showed that the 3rd year postgraduates got the most number of high grades
               211(45.18%). Chi-square test was done and the association was found to be significant (p-value = 0.000). The primary maxillary
               left 1st molar: 180 (38.54%) was the most treated tooth by all postgraduates. Chi-square test was done and the association
               was found to be not significant (p-value = 0.139).
            

            There is very scarce literature regarding the effect of the skill set of clinicians on treatment and its success worldwide.
               Design modifications have simplified the fitting procedure and improved the morphology so that it accurately duplicates the
               anatomy of primary molar teeth  (Randall, 2002). In the dental records that were analysed the scores statistically were significant on the basis of grade values, PG student
               and the tooth treated upto the age of 6.
            

            
               Age Distribution
               
            

            Most of the stainless steel crowns for the upper molars was done at 4 years and then there is a decrease. This can be attributed
               to the long retention time of the tooth in the oral cavity, highest caries prevalence, and increase in snacking time and once
               at around at 4 years they join school and the exposure to school dental programs, proper meal times, awareness of oral hygiene
               practices lead to a gradual decrease in caries incidence. This was in concordance with the study by 30. 
            

            
               Grade Distribution
               
            

            Grade values for each postgraduate changes from teeth to teeth and from person to person. Overall we can see that the 3rd
               year postgraduates have got the higher grades as compared to the other years. This gives us adequate reason to believe that
               experience develops over the years of clinical practice. Their varying skill set  (Chadwick, Gash, & Stewart, 2007; Randall, 2002; Zimmerman, Feigal, Till, & Hodges, 2009) variations in the methods practiced, using advanced techniques and varying exposures to clinical scenarios are also plausible.
            

            In a mail survey in the US, 98% of the specialists recommended stainless steel crowns whereas 81% of the general dentists
               recommended restorations showing the difference in decision making based on knowledge based on skill set  (Mcknight-Hanes, Myers, & Davis, 1994). In countries like the UK, inadequate expertise in behaviour management techniques of children for advanced treatment has
               led to improper and underutilization of advanced techniques  (Randall, 2002), M Duggal Leeds dental institute UK, personal communications). Dental students have also reported that low levels of exposure
               to stainless steel crowns during undergraduate curriculum  (Rodd, Barker, Baker, Marshman, & Robinson, 2010). 
            

            The most common tooth restored with a stainless steel crown was the maxillary 1st molar which coincides with the previous
               study  (Bell, Morgan, Marshman, & Rodd, 2010; Demirci, Tuncer, & Yuceokur, 2010; Rodd et al., 2010) which states the deep pits and fissures, chronological age of eruption being major factors with most prone area being the
               distal surface of the tooth. The duration spent on the treatment is very essential in decreasing the anxiety among children.
               Shorter time duration decreases anxiety and renders optimal treatment to children  (Ramakrishnan & Bhukri, 2018).
            

            Parents must also follow oral hygiene measures, use fluoridated toothpastes, water and bring them for timely follow up to
               prevent damage to the tooth structure  (Panchal, Jeevanandan, & Subramanian, 2019; Somasundaram, Ravi, Rajapandian, & Gurunathan, 2015). 
            

            The study does have a few limitations. This study was limited to data from a single hospital. This severely restricts the
               geographical distribution and the ethnicity of the various patients who undergo treatment. Inclusion of only the 1st maxillary
               molars is also considered as a potential confounder in the current study. The number of postgraduates were also very less
               this can lead to operator bias and data cannot be generalized to the undergraduates for the study population. The sample size
               was also small. Promoting individual based academic strategies can lead to a uniformity in clinical efficiency, evidence based
               learning and incorporating the latest techniques and latest advancements can significantly improve the efficiency in the placement
               of stainless steel crowns.
            

            In Figure  1, X-axis represents the age group and y-axis represents the number of patients. This graph shows that most of number of procedures
               were done at 4 years 150 (32.11%). In Figure  2, X-axis represents gender and y-axis represents the number of patients. This graph shows that male patients 268 (57.38%)
               were more as compared to female patients 199 (42.61%). In Figure  3, X-axis represents the year of the postgraduate and y-axis represents the various grades received for the number of stainless
               steel crowns placed. Green colour represents C grade, purple colour represents B grade, pink colour represents A grade and
               dark blue colour represents A+ grade. This graph showed that the 3rd year postgraduates got the most number of high grades
               211 (45.18%). Chi-square test was done and the association was found to be significant (p-value = 0.000). In Figure  4, X-axis represents the year of the postgraduate and y-axis represents the number of stainless steel crowns placed on each
               type of tooth. Blue colour represents primary upper right 1st molar, red colour represents primary upper right 2nd molar,
               green colour represents primary upper left 1st molar, orange colour represents primary upper left 2nd molar. This graph shows
               that the primary left 1st molar: 180 (38.54%) was the most treated tooth by all postgraduates. Chi-square test was done and
               the association was found to be not significant (p-value = 0.139).

         

         
               Conclusion

            Within the limits of the study, we can conclude that there was a significant difference in the placement of stainless steel
               crowns among the various postgraduates with high restorative rate at around 4 years in the boys with the most commonly restored
               tooth being the primary 1st molar in the maxillary arch. There was a gradual increase in the clinical performance with the
               3rd years performing the best among the three years. We can conclude that clinical efficiency increases over years of practice.
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