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            Abstract

            
               
The radiographic examination is one of the principal diagnostic methods used in all fields of medical services and contributes
                  to the promotion of the health. Accordingly, a certain amount of radiation is inevitably delivered to patients during normal
                  radiographic procedures. Repeated radiation doses utilized in dental treatment might be harmful to the patients and thus a
                  thorough knowledge on radiation protection protocols are mandatory for dental clinicians. The aim of this study was to investigate
                  the knowledge, awareness and practice of general dentists practicing in the Chennai regarding radiation prevention protocols
                  undertaken in their area of work. The study was a questionnaire based cross-sectional study. A total of 200 dentists were
                  contacted to participate in the study. The target population entailed were general dentists practicing in Chennai. A Pretested
                  questionnaire was mailed to the respondents following informed consent. The data were extracted from the responses and analyzed.
                  The total response rate recovered was 75 % and the respondents comprised of 54 males & 96 females respectively. Only 49% of
                  the general dentists followed the position & distance rule for radiographic procedures appropriately. The results showed that
                  the knowledge, awareness of the general dentists regarding radiation prevention protocols in Chennai were satisfactory. However,
                  the practice regarding radiation protection protocols were inadequate. To ensure the implementation of radiation prevention
                  protocols, strict protocols must be followed by the licensing and monitoring authorities about the use of the equipment emitting
                  radiation and rigorous health education programs should be initiated to sensitize the clinicians. 
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               Introduction

            Radiation is in the form of ionizing and non ionizing radiation transmitted through space and matter. X-rays are the ionising
               radiation extensively used in the dental profession. Radiographs have a number of uses but they still have harmful effects
               in the surrounding. In dentistry, it is mainly used for diagnostic purposes. The dentist and the patient and employees, are
               prone for radiation exposure in the dental set-up. It is very important to keep this exposure to the minimal. Even though
               the exposure is less, the operator and patient must follow appropriate guidelines for their protection to radiation. There
               are various radiation protection measures being undertaken. A survey conducted in Bengaluru amongst the dentists suggested
               that the radiation protection protocols carried out by the dentists were very minimal and not according to the standards set
               by the authorities.
            

            According to the UNSCEAR (United Nations Scientific Committee on Effects of Atomic Radiation) as reported in the year 2008,
               approximately 480 million of diagnostic radiographic examinations in dentistry are done worldwide annually and these dental
               radiographic examinations comprise of 15% of all diagnostic X-ray examinations in health care  (Kumar et al., 2018; United Nations Scientific Committee on the Effects of Atomic Radiation, 2008).
            

            Radiation has countless uses in the field of dentistry. Radiographic examinations are one of the principle diagnostic tools.
               Radiographs can be intra-oral or extra-oral. Most of the dental clinics have a X-ray machine or an RVG. There are continuous
               low doses of radiation emitted after every radiograph taken. X-ray radiations are ionizing radiations, thus it is necessary
               for the radiation exposure prevention protocols to be followed strictly. The ALARA principle is a guideline stating that the
               radiation exposure should be As Low As Reasonably Achievable  (Nisha, Parthiban, Sarumathi, Hemalatha, & Amudhan, 2014).
            

            Currently there is limited information about the protocol for radiation safety followed by dentists in their dental clinics.
               Most of these clinics do not follow the advised protocol set by the AERB thus leading to radiation leakage and exposure to
               the doctors, patients as well as other employees.
            

            Radiation exposure even though in low doses over a prolonged period of time create harmful effects on the human body. Specially,
               the dentists and the employees in the dental clinic must be protected from these harmful radiations over a prolonged period
               of time  (Okano & Sur, 2010). Hence this study was initiated to investigate the knowledge, awareness and practice of general dentists practicing in the
               Chennai regarding radiation prevention protocols undertaken in their area of work. This survey will help in establishing the
               percentage of dental clinics following the required protocol and further helps us in understanding the requirement of creating
               awareness amongst dentists.
            

         

         
               Materials and Methods

            A cross-sectional study was conducted to assess the knowledge, awareness and practice of radiation exposure prevention protocols
               amongst dental practitioners in Chennai, Tamil Nadu, India. A questionnaire comprising of 15 questions in clinical and radiographic
               practice was formulated. After obtaining clearance from the institutional research and ethical committee, a mailed questionnaire
               was distributed among general dentists and compiled after their responses.
            

            The questionnaire included 3 descriptive questions and the rest were multiple choice questions. The results were compiled
               in the form of percentages and presented.
            

         

         
               RESULTS

            A total of 200 general practitioners in Chennai were included in the study, out of which the response rate was 75% (Table  1). Out of the total of 150 dentists who responded, 54 were males and 96 were females. These were general practitioners who
               were practicing in Chennai and had a X-ray machine set up in their dental office.
            

            95% of the practitioners were aware of the ALARA (as Low As Reasonably Achievable) which states that the radiation exposure
               per radiograph taken must be kept as minimal as possible to achieve the best results with no or least harmful effects.
            

            40 % of the participants did not use radiation badges in the dental clinic, neither for the dentist nor the employees (Figure  1). They did not get their radiation exposure levels checked periodically.
            

            34% of the dentists did not have a protective lead barrier around their dental X ray machine (Figure  2). This lead to the scattering of the radiation around the dental clinic during exposure. Thus the people in the vicinity
               also got exposed to the radiation let out by the radiographic machine.
            

            Only 49% of the dentists followed the 6 feet position distance rule in their dental clinic (Figure  3). This lead to being in the path of radiation exposure most of the time. 5% of the dental practitioners said they would make
               a full mouth IOPA series for the patient when they enter the dental clinic for their first diagnostic impression (Figure  4).
            

            24 % of the dentists prefer to send the patient for OPG instead of taking a full mouth IOPA series. Most of the general practitioners
               stated the adverse effects of radiation to carcinogenic changes in the body. Most of the general practitioners suggested to
               avoid taking radiographs in pregnant patients. But in emergency conditions they advised the use of protective barriers like
               lead apron and thyroid collar before taking the radiograph. Radiographs must be avoided during the 1st and 3rd trimesters
               of pregnancy (Figure  5).
            

            25% of the dentists did not have x ray machines which were registered with the AERB and 75% of the dentists did not get their
               x ray machines regularly serviced (Figure  6). Only 35% of the dentists used Thyroid collar for the patients during radiation exposure and 25% of dentists used thyroid
               collar for the operator (Figure  7). 54 % of the dentists did not use Lead aprons for the patients and only 50% dentists used lead apron for the protection
               of the operator (Figure  8). 75.5% used Digital Processing techniques for Dental X-rays. This reduced the re-exposure to radiation due to reduction
               in the processing errors.
            

            

            
                  
                  Figure 1

                  Presence of radiation badges
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                  Figure 2

                  Protective barriers around X-rays machines
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                  Figure 3

                  Distance from the patient during exposure
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                  Figure 4

                  Full mouth IOPA series
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                  Figure 5

                  Management of radiographs of pregnant patients
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                  Figure 6

                  Servicing of X-ray machine
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                  Figure 7

                  Use of Thyroid collar
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                  Figure 8

                  Use of Lead apron
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                  Table 1

                  Responses of the Participants

               

               
                     
                        
                           	
                              
                           
                           Survey Domains

                           
                        
                        	
                              
                           
                           Positive responses

                           
                        
                        	
                              
                           
                           Negative responses

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Awareness of the ALARA principle

                           
                        
                        	
                              
                           
                           95%- Aware

                           
                        
                        	
                              
                           
                           5%- Unaware

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Use of radiation badges in the dental clinic

                           
                        
                        	
                              
                           
                           40%-Used badges

                           
                        
                        	
                              
                           
                           60%-did not use

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Following the Position distance rule

                           
                        
                        	
                              
                           
                           6 feet-49%

                           
                        
                        	
                              
                           
                           5 feet-20%

                           
                        
                        	
                              
                           
                           4 feet-31%

                           
                        
                     

                     
                           	
                              
                           
                           Full mouth IOPA series

                           
                        
                        	
                              
                           
                           For all patients- 5%

                           
                        
                        	
                              
                           
                           No-24%

                           
                        
                        	
                              
                           
                           Sent for OPG-71%

                           
                        
                     

                     
                           	
                              
                           
                           Management of radiographs in pregnant patients

                           
                        
                        	
                              
                           
                           Avoid X-rays-40%

                           
                        
                        	
                              
                           
                           Safe in 2nd trimester-35%
                           

                           
                        
                        	
                              
                           
                           Use protective barrier-25%

                           
                        
                     

                     
                           	
                              
                           
                           Servicing of X-ray machine

                           
                        
                        	
                              
                           
                           78%-serviced

                           
                        
                        	
                              
                           
                           22%- did not service the machine

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           Use of thyroid collar

                           
                        
                        	
                              
                           
                           35%-used

                           
                        
                        	
                              
                           
                           65%-did not use

                           
                        
                        	
                              
                           
                           -

                           
                        
                     

                     
                           	
                              
                           
                           Use of Lead apron

                           
                        
                        	
                              
                           
                           50%-used

                           
                        
                        	
                              
                           
                           50%-did not use

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

            

            

            

         

         
               DISCUSSION 

            Radiographs should only be prescribed when the benefit outweighs the risk. Thus, it is important for the dentist to provide
               justification for the dental radiograph taken. The exposure dosage must be as minimal as possible.
            

            The dentists must have adequate knowledge about the radiation protection protocols to be followed when using a dental x ray
               unit in the clinic. The safety of the patients and the staff must also be considered of utmost importance. To assess the knowledge
               on radiation protection it is important to create awareness about radiobiology. The dental practitioners had an adequate amount
               of knowledge about the radiobiology. They also knew the various harmful effects due to over exposure to radiation. Radiation
               causes cell damage by ionization with the consequent formation of ions that can produce free radicals, break chemical bonds,
               creates cross-linkage between macromolecules or damage molecules and genes. Undifferentiated cells or rapidly proliferating
               cells are more prone being affected by radiation. Such mesenchymal cells or stem cells are found in fetuses. Thus the developing
               fetus is extremely sensitive to radiation effects specially in the 1st and the 3rd trimesters of pregnancy. In the 1st trimester
               of pregnancy organogenesis starts to occur  (Streffer, 1995).
            

            Only 49% of the dentists followed the position rule of standing minimum 6 feet away from the x-ray exposure. The most effective
               method is to reduce the radiation exposure is the use of fast films, thyroid collar and lead apron. The use of faster film
               speed can also reduce radiation exposure to about 50% while maintaining the diagnostic quality  (Rohlin & White, 1992).
            

            95% of the dentists had the knowledge of the ALARA principle. But most of the dental clinics did not follow the appropriate
               protocol to reduce the radiation exposure to the minimum. Consequently, patients may receive unnecessary radiation dose if
               the ALARA principle is not put into practice. Most of the dental practitioners did not know the maximum permissible annual
               dose of ionizing radiation for health care workers is 50 milli sieverts (mSv) and the maximum permissible life time dose is
               10 mSv multiplied by a person's age.
            

            The knowledge of radiation protection was poor amongst the majority (65%) of the general dentists did not use lead apron.
               Thyroid gland is sensitive to radiation. Sikorski et al. documented that radiation exposure reduction by using a thyroid shield.
               In addition, their study showed that thyroid skin exposures measured on adults lower in offices in which thyroid shield was
               used as compared  (Sikorski & Taylor, 1984).
            

            It is recommended that leaded thyroid shields should be used in children  (Cacchillo, Barker, & Barker, 1993; Hujoel, Bollen, Noonan, & Aguila, 2004).
            

            Almost 40% of the dentists did not have a thermoluminicent dosimeter (TLD) badge despite taking more 40-50 dental radiographs
               per month. Although 49%of them kept a distance of at least 3 meters to the radiation beam, but some radiation gets absorbed
               due to the scatter. The dose of direct and scatter radiation to the patient is considerably low  (Hallquist, Hardell, Degerman, Wingren, & Boquist, 1994; Horn-Ross, Ljung, & Morrow, 1997).
            

            It is crucial to reduce the radiation exposure by other means. Collimation reduces the primary and secondary radiation scattering
               (Longstreth, Dennis, McGuire, Drangsholt, & Koepsell, 1993; Preston-Martin & White, 1990). They act as an aperture of the camera and allow the beam to only follow a parallel or straight path using a rectangular
               or conical collimater  (Wingren, Hallquist, & Hardell, 1997). Compared to conical collimators, rectangular collimators are 5 times more effective at reducing the dose of radiation scattered
               (Freeman & Brand, 1994; Gibbs, 2000).
            

            A collimator must be provided in every dental X-ray unit set up mostly the rectangular type  (Pharoah & White, 2009). The use of dosimeter must be regulated and checked every few months  (Shah et al., 2014). In this study, knowledge of radiation protection positively affected the dentist’s practice of taking radiographs in their
               dental clinics  (İlgüy, İlgüy, Dinçer, & Bayırlı, 2005).
            

            Education, implementation of radiation protection program and usage of barrier shielding are important tools for the protection
               of the health care workers. Radiation protection program must include the train of the dentists in the use of the dosimeter
               badges settings go the x ray machine etc. This training must be done regularly and be a continuous process due to the loss
               of relevant information academically within 6-12 months of the course  (Absi, Drage, Thomas, Newcombe, & Cowpe, 2011; Bornstein, Scarfe, Vaughn, & Jacobs, 2014).
            

         

         
               Conclusion

            The general practitioners in this study did have good knowledge on radiation biology but showed relatively poorer knowledge
               on radiation protection. Despite their poor radiation protection knowledge their practice was better. We recommend that the
               dental authorities keep a check on these use of these X-ray machines as well as the amount of radiation protection barriers
               applied to the practice to reduce the amount of radiation. Quality control practice and correct practice of the concept of
               ALARA must be followed. 
            

         

         
               Acknowledgement

            Acknowledge the support of the Private Dental Clinics and Dental Universities to help conduct this survey.

            
               Funding Support 
               
            

            Self-Funded.

            
               Conflict of Interest
               
            

            The authors declare that there is no conflict of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     United Nations Scientific Committee on the Effects of Atomic Radiation  (2008).  Report of the United Nations Scientific Committee on the Effects of Atomic Radiation. General Assembly 56. session
                        (10-18 July 2008) 
                     

                  

                  
                     
                        2 
                              

                     

                     Kumar, T. P., Azmi, Rizwana, Premkumar, Anu, Sujatha, S., Devi, B.K.Y, Rakesh, N. & Shwetha, V.,   (2018). Radiation safety protocol in dentistry: A neglected practice. Journal of Orofacial Sciences, 10(1), 24.
                     

                  

                  
                     
                        3 
                              

                     

                     Nisha, V. Aarthi, Parthiban, J., Sarumathi, T., Hemalatha, V. T. & Amudhan, A.,   (2014). Radiation Protection in Dental Radiology-The Safe Use of Radiographs in Dental Practice. Biosciences Biotechnology Research Asia, 11(1), 263–266.
                     

                  

                  
                     
                        4 
                              

                     

                     Okano, Tomohiro & Sur, Jaideep,   (2010). Radiation dose and protection in dentistry. Japanese Dental Science Review, 46(2), 112–121.
                     

                  

                  
                     
                        5 
                              

                     

                     Streffer, C,   (1995). Radiation effects of exposure during prenatal development. Der Radiologe, 35(3), 141–147.
                     

                  

                  
                     
                        6 
                              

                     

                     Rohlin, M & White, S C,   (1992). Comparative means of dose reduction in dental radiography. Current Opinion in Dentistry, 2, 1–9.
                     

                  

                  
                     
                        7 
                              

                     

                     Sikorski, Paula A. & Taylor, Kenneth W.,   (1984). The effectiveness of the thyroid shield in dental radiology. Oral Surgery, Oral Medicine, Oral Pathology, 58(2), 225–236.
                     

                  

                  
                     
                        8 
                              

                     

                     Cacchillo, David, Barker, Gerry J. & Barker, Bruce F.,   (1993). Late effects of head and neck radiation therapy and patient/dentist compliance with recommended dental care. Special Care in Dentistry, 13(4), 159–162.
                     

                  

                  
                     
                        9 
                              

                     

                     Hujoel, Philippe P., Bollen, Anne-Marie, Noonan, Carolyn J. & Aguila, Michael A. del,   (2004). Antepartum Dental Radiography and Infant Low Birth Weight. JAMA, 291(16), 1987–1993.
                     

                  

                  
                     
                        10 
                              

                     

                     Hallquist, A, Hardell, L, Degerman, A, Wingren, G & Boquist, L,   (1994). Medical diagnostic and therapeutic ionizing radiation and the risk for thyroid cancer: a case-control study. European Journal of Cancer Prevention, 3(3), 259–268.
                     

                  

                  
                     
                        11 
                              

                     

                     Horn-Ross, Pamela L., Ljung, Britt-Marie & Morrow, Merrilee,   (1997). Environmental factors and the risk of salivary gland cancer. Epidemiology, 8(4), 414–419.
                     

                  

                  
                     
                        12 
                              

                     

                     Longstreth, W. T., Dennis, Leslie K., McGuire, Valerie M., Drangsholt, Mark T. & Koepsell, Thomas D.,   (1993). Epidemiology of intracranial meningioma. Cancer, 72(3), 639–648.
                     

                  

                  
                     
                        13 
                              

                     

                     Preston-Martin, Susan & White, Stuart C.,   (1990). Brain and Salivary Gland Tumors Related to Prior Dental Radiography: Implications for Current Practice. The Journal of the American Dental Association, 120(2), 151–158.
                     

                  

                  
                     
                        14 
                              

                     

                     Wingren, G, Hallquist, A & Hardell, L,   (1997). Diagnostic X-ray exposure and female papillary thyroid cancer: a pooled analysis of two Swedish studies. European journal of cancer prevention: the official journal of the European Cancer Prevention Organisation (ECP), 6(6), 550–556.
                     

                  

                  
                     
                        15 
                              

                     

                     Freeman, John P. & Brand, John W.,   (1994). Radiation doses of commonly used dental radiographic surveys. Oral Surgery, Oral Medicine, Oral Pathology, 77(3), 285–289.
                     

                  

                  
                     
                        16 
                              

                     

                     Gibbs, S. Julian,   (2000). Effective dose equivalent and effective dose: Comparison for common projections in oral and maxillofacial radiology.
                        Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 90(4), 538–545.
                     

                  

                  
                     
                        17 
                              

                     

                     M J Pharoah & White, S C,   (2009). Radiation safety and protection.   (p. 41)  In Oral Radiology: Principles and Interpretation. 6th ed., Ch. 3. St.
                        Louis, MO: Mosby/Elsevier, p. 41. ISBN: 9780323096331
                     

                  

                  
                     
                        18 
                              

                     

                     Shah, Harsh G, Patel, Swagat, Patel, Krutarth, Patel, Vishal, Sodani, Vasudha & Savant, Suyog,   (2014). Knowledge and practices of interns, graduates and post-graduates of Ahmedabad dental college and hospital, Ahmedabad,
                        Gujarat regarding radiographic protection. International Journal of Research in Health Sciences, 2(3), 787–791.
                     

                  

                  
                     
                        19 
                              

                     

                     İlgüy, D, İlgüy, M, Dinçer, S & Bayırlı, G,   (2005). Survey of dental radiological practice in Turkey. Dentomaxillofacial Radiology, 34(4), 222–227.
                     

                  

                  
                     
                        20 
                              

                     

                     Absi, E. G., Drage, N. A., Thomas, H. S., Newcombe, R. G. & Cowpe, J.,   (2011). Continuing dental education in radiation protection: knowledge retention following a postgraduate course. European Journal of Dental Education, 15(3), 189–192.
                     

                  

                  
                     
                        21 
                              

                     

                     Bornstein, Michael M., Scarfe, William C., Vaughn, Vida M. & Jacobs, Reinhilde,   (2014). Cone Beam Computed Tomography in Implant Dentistry: A Systematic Review Focusing on Guidelines, Indications, and
                        Radiation Dose Risks. The International Journal of Oral and Maxillofacial Implants, 29, 55–77.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

