
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ Original Article ]
          
        

        
          	Korean Journal of Dental Materials - Vol. 46, No. 1, pp.1-10
        

        
          	ISSN: 2384-4434			
					(Print)
				2384-3268			
					(Online)
				
        

        
          	Print  publication date  31 Mar 2019

        

        
          	Received  15 Nov 2018
Revised  10 Jan 2019
Accepted  14 Jan 2019

        

        
          	
            KJDM_2019_v46n1_1

            DOI: 
            https://doi.org/10.14815/kjdm.2019.46.1.1
          
        

        
          	
            Effects of various root canal sealers on tooth discoloration and internal bleaching
          
        

        
          	
            Yi-San Kim1 ; Sung-Hyeon Choi1 ; Kyeong-Eun Youn1 ; Ji-Hyun Jang2 ; Hoon-Sang Chang1 ; Yun-Chan Hwang1 ; In-Nam Hwang1 ; Won-Mann Oh1 ; Bin-Na Lee1, *


          
        

        
          	1Department of Conservative Dentistry, School of Dentistry, Dental Science Research Institute, Chonnam National University, Gwangju, Korea

        

        
          	
        

        
          	2Department of Conservative Dentistry, School of Dentistry, Kyung Hee University, Seoul, Korea

        

        
          	
        

        
          	
            근관치료용 실러가 치아변색과 실활치 미백에 미치는 영향
          
        

        
          	
            김이산1 ; 최성현1 ; 윤경은1 ; 장지현2 ; 장훈상1 ; 황윤찬1 ; 황인남1 ; 오원만1 ; 이빈나1, *


          
        

        
          	
        

        
          	1전남대학교 치의학전문대학원 치과보존학교실

        

        
          	
        

        
          	2경희대학교 치과대학 치과보존학교실

        

        
          	
            Correspondence to: Bin-Na Lee 광주광역시 북구 용봉로77 전남대학교 치의학전문대학원 치과보존학교실 Tel: +82-62-530-5868, Fax: +82-62-530-5629 E-mail:  bnlee13@jnu.ac.kr

          
        

        
          	
        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            Abstract
          
        

        
          There are several causes of tooth discoloration following root canal treatment. In this study, we evaluated the effects of sealers on tooth discoloration and internal bleaching. Twenty-four teeth were divided into 4 groups: control group, AH plus, Endosequece BC, and MTA fillapex group. Root canal filling was performed using each sealer conventionally and non-vital bleaching was performed with sodium perborate. The L, a, and b values were measured using Vita easyshade. Tooth discoloration after root canal treatment occurs irrespective of the type of sealers and may cause discoloration with only gutta-percha cone. The effect of non-vital bleaching following the use of calcium silicate-based sealers such as Endosequece BC and MTA fillapex was higher than that of AH plus. Therefore, it needs careful use of sealers in endodontics and calcium silicate-based sealers have advantages of bleaching in case of discolored tooth.

        

        
          
            초록
          
        

        
          근관치료 후 발생하는 치아변색은 여러 가지 원인에 의해 나타나는 것으로 알려져 있다. 본 실험은 근관치료 후 치아변색이 일어나는여러 원인 중 실러 종류에 따른 영향을 평가하고 변색을 치료하기 위한 방법으로 실활치 미백을 시행할 경우 미백 효과 정도를비교해 보는 것이다. 24개의 치아를 대조군, AH plus, Endosequece BC, MTA fillapex군 4개의 군으로 나누어 실험하였다. 실러를사용하여 통상적인 방법으로 근관충전을 시행한 후 과붕산나트륨을 이용하여 실활치 미백을 시행 하였다. 그 후 Vita easyshade를사용하여 치아의 색을 CIE L*a*b 시스템으로 측정하였다. 근관충전 후 변색실험에서 대조군과 모든 실험군에서 시간에 따라 치아의색이 변하였다. 미백제의 효과에 대해서는 Endosequence BC와 MTA fillapex에서 AH plus군에 비해 미백효과가 유의하게 높은 결과가 나타냈다. 본 연구를 바탕으로 근관치료 시 실러의 주의 깊은 사용이 필요하며, epoxy resin 계열에 비해 Calcium silicate계열의 실러로 인한 치아 변색에서 과붕산나트륨을 이용한 미백은 효율적일 수 있다.
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      Introduction
      The final step in endodontic treatment is root canal filling to prevent the spread of bacteria and bacterial byproducts from root to root apex (1). Clinicians use sealers with filling material to fill the root canals. The sealer is necessary to seal the space between the dentin wall and the filling material such as gutta-percha (GP) cone, and act as a lubricant during the root canal filling (2). Sealers also act as the binding and antimicrobial ideal sealers exhibit excellent sealing capacity, volume stability, slow hardening, water insolubility, and biostability (2-4).

      Among the clinically popular sealers, AH Plus (Dentsply Caulk, Milford, DE, USA) is an epoxy-amine resin sealer. AH plus is less viscous, and applied thinly, with the lowest solubility. Furthermore, it has the shortest curing time with a negative volume change (5).

      The recently developed sealer, Endosequence BC (Brasseler USA, Savannah, GA, USA), is a bioceramic sealer containing tricalcium silicate, dicalcium silicate, calcium phosphates, colloidal silica, and calcium hydroxide as bioactive components, and zirconium oxide as a radiopaque agent (6). Recent studies have shown that Endosequence BC has a long working time and high solubility, and positive volume change (7). In the cytotoxicity experiment, Endosequence BC showed low cytotoxicity (8), and formed a chemical bond with dentin root canal wall (9).

      Another newly developed sealer, MTA fillapex (Angelus, Londrina, PR, Brazil) is a mineral trioxide aggregate (MTA)-based sealer consisting of MTA, salicylate resin, diluting resin, natural resin, nanoparticulated resin, and bismuth trioxide. The MTA fillapex is the most viscous and is applied as a thick layer. Further, it has short working time and hardening time, and shows a large negative volume change. In a recent study, MTA fillapex has been found to reduce cell toxicity after hardening and promote the formation of hydroxyapatite crystals (10).

      During root canal treatment, discoloration may occur due to pulp remnants, microleakage of the restorative material, internal absorption, and failure of root canal treatment (11-13). Therefore, the aim of this study was to compare the degree of discoloration and the effect of non-vital bleaching of the human tooth with the resin-based sealer and calcium silicate-based sealers.

    

    

  
    
      Materials and Methods
      
        1. Sample Preparation
        Thirty-extracted anterior teeth were selected and stored in physiological saline. Of these, six teeth were excluded for various reasons: caries, large restorations, multiple roots, abnormal canals, crack, and fractures. The remaining 24 teeth were divided into four groups of 6 for each type of sealer along with a control group. The used sealers were AH Plus, Endosequence BC, and MTA fillapex (Table 1).

        
          Table 1. 
				
          

          
            Control group and experimental group
          
          

        

        
          
            
              	
              	Control
              	AH plus
              	Endosequence BC
              	MTA fillapex
            

          
          
            	N
            	6
            	6
            	6
            	6
          

          
            	Maxilla/Mandible
            	3/3
            	3/3
            	3/3
            	4/2
          

          
            	Filling material
            	GP cone
            	GP cone
            	GP cone
            	GP cone
          

          
            	Sealer
            	-
            	AH plus
            	Endosequence BC
            	MTA fillapex
          

        

        

        Access cavity was prepared and the root canal length was measured using a #10 K file (Mani inc, Utsunomiya, Tochigi, Japan) in all teeth. The root canal was irrigated with 5 mL of 1.25 % NaOCl per tooth. The canal was enlarged and shaped from S1 size to F3 size using a Protaper Universal (Dentsply Maillefer, Ballaigues, Switzerland) Ni-Ti file. The root canal was well dried and filled with 04 taper GP cone (Diadent Group international, Burnaby, Canada). The control group was filled with GP cone without sealer. The experimental groups were filled with the GP cone using the specified sealer. The filled GP cone was cut 1 ㎜ below the cemento-enamel junction (CEJ) and then temporarily restored with a cotton pellet and e-temp (Diadent Group international). The teeth were immersed in saline and stored at 37℃.

      

      
        2. Color change measurement
        Color changes in teeth were measured at baseline, 24 h, 1 week, 2 weeks, 4 weeks, 8 weeks, 10 weeks and 16 weeks using a spectrophotometer, VITA easyshade (VITA Zahnfabrik, Bad Sackingen, Germany). The color measurements at cervical, middle, and incisal area of the crown were performed under fluorescent lights at 9 pm. Measurements were made three times per tooth and the mean value was recorded. Measurements were recorded in CIE L*a*b* system. The value of ΔE was calculated based on the L*a*b* value, and the degree of discoloration was compared. The ΔE was calculated using the following formula and the difference from the initial value was used (14).
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        3. Non-vital tooth bleaching
        After 7 months of discoloration experiment, non-vital bleaching of each tooth was performed to evaluate the effect of the sealer on bleaching (15). Baseline was measured before the experiment. For the tooth whitening, the temporary filling material was removed with a round bur and replaced with a cotton pellet. The GP cone was removed further downward, and All-bond universal® (Bisco Inc., Shaumburg, IL, USA) as a dentin bonding agent and 2 mm-Ionosit® (DMG, Hamburg, Germany) were applied as a base and light cured.

        Sodium perborate was used as a whitening agent. A mixture of sodium perborate and physiological saline was applied and filled with temporary sealing material. The bleaching material was maintained for 1 week and the color changes in teeth were measured. The bleaching agent was removed and the treated teeth were neutralized by filling with calcium hydroxide. After 1 week, color changes in teeth were measured, calcium hydroxide was removed, and each tooth was restored with composite resin (Filtek Z350XT Body A2, 3M ESPE, St. Paul, USA), (3MESPE, St.Paul, MN, USA). A week later, the color change were finally measured.

      

      
        4. Statistical analysis
        One-way ANOVA was used for the comparison, and statistical significance was confirmed using the Tukey’s post-test. SPSS 23 (IBM Corp., NY, USA) was used for statistical analysis and the difference was considered significant at p < 0.05.

      

    

    

  
    
      Results
      
        1. Tooth discoloration after root canal filling
        The control, AH plus, Endosequence BC, and MTA fillapex groups showed increased ΔE values at cervical, middle and coronal 1/3 after 24 h to 16 weeks (Figure 1).

        
          
          

          Figure 1. 
				
          

          
            Changes in ΔE with time in the control group and the experimental group after root canal filling. Measurement of ΔL, Δa, Δb at cervical (A), middle (B) and coronal (C) 1/3 levels. The value of ΔE in control and experimental groups increased.
          
          

          

        

        In the control group, the ΔE value increased steadily after the root canal filling, whereas ΔL, which represents the brightness, became negative and darker eventually. The value of Δa increased until the 2nd week and decreased, suggesting that the teeth turned red and green, respectively. Δb continued to increase with a negative value. Overall, the root canals were reddish, and bluish until 2 weeks after the root canal filling, followed by darkening to green and blue and discoloration. Use of AH plus sealer increased ΔE constantly after root canal filling, and the brightness eventually increased to a negative value and turned dark. Δa continued to turn reddish and Δb changed bluish. Overall, after the root canal filling, the brightness dimmed and turned to red and blue. Endosequence BC, and MTA fillapex showed continuous color changes according to ΔE value, darkening by ΔL, reddish according to Δa, and bluish according to Δb (Table 2).

        
          Table 2. 
				
          

          
            Values of ΔL, Δa and Δb with time in the control group and the experimental group after canal filling
          
          

        

        
          
            
              	
              	
              	
              	24h
              	1w
              	2w
              	4w
              	8w
              	10w
              	16w
            

          
          
            	Control
            	ΔL
            	cervical
            	-2.6±3.3
            	-0.2±4.8
            	-1.9±4.1
            	-0.9±4.2
            	-2.0±4.5
            	-4.7±5.2
            	-5.0±4.9
          

          
            	middle
            	-0.9±2.7
            	-1.9±1.9
            	-3.3±2.0
            	-4.8±3.1
            	-5.0±2.4
            	-6.9±2.6
            	-7.6±2.3
          

          
            	incisal
            	-8.7±4.3
            	-7.2±1.9
            	-7.5±2.9
            	-10.8±6.0
            	-9.7±4.6
            	-12.2±6.0
            	-14.3±2.7
          

          
            	Δa
            	cervical
            	0.0±0.9
            	1.1±1.0
            	1.2±1.1
            	-1.0±1.9
            	-0.7±1.6
            	-0.6±1.7
            	-1.0±1.8
          

          
            	middle
            	-0.4±1.0
            	1.1±1.4
            	1.3±1.6
            	-0.5±2.1
            	-0.4±2.0
            	-0.4±2.1
            	-0.4±2.3
          

          
            	incisal
            	0.1±0.5
            	1.4±0.8
            	1.7±0.7
            	0.0±1.0
            	0.2±1.0
            	0.2±1.0
            	0.0±1.0
          

          
            	Δb
            	cervical
            	-4.5±1.4
            	-6.7±1.4
            	-9.3±0.8
            	-15.5±9.3
            	-12.5±2.2
            	-13.1±1.9
            	-14.4±2.6
          

          
            	middle
            	-5.5±1.6
            	-8.0±2.2
            	-10.3±2.2
            	-14.5±3.6
            	-13.1±3.1
            	-13.8±3.7
            	-14.9±3.5
          

          
            	incisal
            	-5.4±1.4
            	-6.3±0.9
            	-7.9±2.1
            	-11.9±3.2
            	-11.0±3.0
            	-11.4±2.5
            	-12.5±2.2
          

          
            	AH
plus
            	ΔL
            	cervical
            	-1.0±2.0
            	-2.1±3.1
            	-4.1±2.9
            	-3.1±4.8
            	-4.4±3.7
            	-6.2±3.5
            	-4.7±4.7
          

          
            	middle
            	-2.5±2.0
            	-3.4±1.5
            	-4.7±1.6
            	-7.3±4.5
            	-6.8±2.0
            	-6.8±3.2
            	-7.2±3.4
          

          
            	incisal
            	-7.6±9.0
            	-5.2±6.3
            	-6.4±6.8
            	-10.9±8.6
            	-11.4±12.3
            	-11.0±11.3
            	-14.5±9.1
          

          
            	Δa
            	cervical
            	0.1±0.2
            	2.3±1.0
            	1.5±0.9
            	0.5±1.0
            	0.6±1.2
            	0.3±1.4
            	0.0±1.5
          

          
            	middle
            	0.5±0.7
            	2.5±0.8
            	1.9±0.7
            	0.9±1.0
            	0.8±0.8
            	0.8±0.8
            	0.7±0.8
          

          
            	incisal
            	0.8±0.6
            	2.7±0.6
            	1.9±0.8
            	1.2±0.8
            	1.1±1.4
            	1.0±0.9
            	0.9±1.0
          

          
            	Δb
            	cervical
            	-2.8±1.3
            	-2.5±1.7
            	-6.1±2.5
            	-8.4±1.7
            	-8.6±2.5
            	-9.7±2.3
            	-10.1±3.0
          

          
            	middle
            	-3.0±2.2
            	-3.6±2.4
            	-6.2±2.3
            	-10.2±2.7
            	-10.4±3.2
            	-10.1±2.6
            	-10.8±2.8
          

          
            	incisal
            	-2.3±1.9
            	-1.2±1.1
            	-4.4±2.0
            	-8.8±1.9
            	-8.5±4.0
            	-7.8±2.5
            	-9.4±3.6
          

          
            	Endosequen
ce BC
            	ΔL
            	cervical
            	-3.9±2.1
            	-2.1±2.3
            	-2.4±1.2
            	-3.3±3.6
            	-3.9±3.2
            	-2.9±2.3
            	-5.9±3.8
          

          
            	middle
            	-2.8±0.5
            	-4.3±1.8
            	-3.9±1.2
            	-5.0±3.0
            	-6.9±2.1
            	-5.8±2.8
            	-7.9±3.9
          

          
            	incisal
            	-5.0±4.2
            	-7.1±4.8
            	-5.9±5.4
            	-11.7±5.7
            	-9.7±3.7
            	-8.9±5.7
            	-14.4±7.2
          

          
            	Δa
            	cervical
            	1.1±0.3
            	1.9±1.0
            	2.2±1.2
            	1.0±1.1
            	0.9±1.3
            	1.0±1.2
            	1.0±1.3
          

          
            	middle
            	1.0±0.3
            	2.5±0.4
            	2.8±0.3
            	1.6±0.6
            	1.4±0.5
            	1.6±0.7
            	1.6±0.7
          

          
            	incisal
            	1.1±0.4
            	2.3±0.4
            	2.5±0.6
            	1.3±0.7
            	1.3±0.6
            	1.4±0.6
            	1.4±0.8
          

          
            	Δb
            	cervical
            	-1.5±1.0
            	-4.9±1.6
            	-4.6±4.1
            	-7.3±3.1
            	-7.1±3.2
            	-7.0±3.2
            	-8.0±2.6
          

          
            	middle
            	-2.1±1.9
            	-4.9±0.9
            	-3.0±0.9
            	-7.4±2.0
            	-7.6±2.4
            	-6.8±2.5
            	-7.9±3.0
          

          
            	incisal
            	-1.7±1.7
            	-4.0±1.2
            	-3.2±3.0
            	-8.5±3.4
            	-7.8±2.3
            	-7.4±2.2
            	-8.7±2.3
          

          
            	MTA
fillapex
            	ΔL
            	cervical
            	-2.1±2.4
            	-2.8±5.2
            	-2.2±5.1
            	-1.9±6.3
            	-1.7±5.9
            	-2.7±5.7
            	-3.1±5.8
          

          
            	middle
            	-2.8±1.4
            	-5.3±3.0
            	-4.1±2.2
            	-6.2±4.6
            	-6.0±4.8
            	-6.8±4.5
            	-6.8±5.3
          

          
            	incisal
            	-4.1±5.1
            	-7.8±4.3
            	-4.0±4.5
            	-9.6±7.0
            	-6.2±7.6
            	-8.1±8.3
            	-8.7±6.4
          

          
            	Δa
            	cervical
            	1.1±0.6
            	1.1±0.8
            	1.5±0.8
            	-0.1±1.4
            	-0.2±1.4
            	0.2±1.4
            	0.3±1.6
          

          
            	middle
            	1.5±0.6
            	1.9±1.0
            	2.1±0.8
            	0.9±1.5
            	0.9±1.6
            	1.3±1.7
            	0.9±1.7
          

          
            	incisal
            	1.3±0.4
            	1.1±0.9
            	1.5±0.7
            	0.2±1.1
            	0.2±1.3
            	0.4±1.3
            	0.2±1.3
          

          
            	Δb
            	cervical
            	-2.5±2.9
            	-7.1±5.4
            	-5.4±5.2
            	-10.2±5.3
            	-10.1±6.6
            	-10.5±5.8
            	-12.2±7.0
          

          
            	middle
            	-4.8±2.2
            	-9.2±2.9
            	-7.8±2.9
            	-12.5±2.8
            	-11.5±3.3
            	-12.4±3.7
            	-12.4±3.4
          

          
            	incisal
            	-2.6±2.4
            	-8.8±2.3
            	-5.3±1.5
            	-11.0±1.1
            	-9.5±1.5
            	-10.3±1.2
            	-10.7±1.4
          

        

        

      

      
        2. Color change of tooth after non-vital bleaching
        In this experiment evaluating the effect of bleaching agents by the sealer, we compared the values of ΔL, Δa, Δb, and ΔE between the baseline and 1 week after the addition of bleaching agent. Values of ΔE increased in all groups. The control and AH plus groups showed larger change in tooth color than Endosequence BC and MTA fillapex groups. Subsequently, during the 3 weeks, minor changes were observed (Figure 2).

        
          
          

          Figure 2. 
				
          

          
            Changes in ΔE with time in the control group and the experimental group after non-vital bleaching. Measurement of L, a, b at cervical (A), middle (B) and coronal (C) 1/3 levels. The value of ΔE in control and experimental groups showed increasing tendency. Values of ΔE increased in all groups 1 week after the addition of bleaching agent.
          
          

          

        

        After the whitening, the brightness intensified and the Δa turned greenish as opposed to discoloration, whereas Δb still remained bluish. The brightness tended to darken only in the cervical region (Figures not shown).

      

      
        3. Tooth color change
        The significance of ΔE between 24 h and 16 weeks after root canal filling was determined. After 24 h of root canal filling, ΔE increased in all experimental groups. The cervical and middle 1/3 sites showed the greatest change in the control group, and the coronal 1/3 showed the greatest change in the AH plus group. However, the degree of discoloration among the groups was not significantly different after 24 h of root canal filling. The greatest ΔE value in all groups was observed at 16 weeks after canal fillings and the degree of discoloration among groups was not significantly different. Comparison of the significance of ΔE between 16 weeks after root canal filling and 1 week after non-vital bleaching showed that AH Plus had a significantly low ΔE when compared with the control group. Further, in the Endosequence BC and MTA fillapex groups, ΔE was significantly higher than in the AH plus groups suggesting that Endosequence BC and MTA fillapex groups yielded a higher bleaching effect than AH Plus (Figure 3).

        
          
          

          Figure 3. 
				
          

          
            Total color changes. AH Plus showed lowest ΔE between 16 weeks after root canal filling and 1week after non vital bleaching.
          
          

          

        

      

    

    

  
    
      Discussion
      The graphs of ΔE, ΔL, Δa, and Δb values over time were obtained for each sealer condition. The results were obtained by dividing them by the measurement position. ΔL denotes the degree of change in brightness; ‘a’ indicates the value between red (+) and green (-) axes, and Δa is the degree of change in red-green; ‘b’ denotes the value between the yellow (+) - blue (-) axis and Δb is the variation between yellow and blue colors (16). The degree of discoloration was confirmed by the value of ΔE calculated using ΔL, Δa, and Δb values.

      Non-vital bleaching is a technique involving the action of hydrogen peroxide as an oxygen generator (17). In the bleaching experiment, Endosequence BC and MTA fillapex were significantly effective in the cervical region. AH plus had low effect on bleaching. This result might be attributed to the difference in dentin bond strength between calcium silicate-based sealers and AH Plus suggesting that dentin bond strength affects non-vital bleaching. Several studies reported significantly higher bond strengths with epoxy resin-based sealer such as AH Plus (18-20). In several studies, MTA fillapex showed the lowest bond strength to root dentine. The release of calcium and hydroxyl ions from the sealer results in the formation of apatites as the material contacts phosphate-containing fluids (21-23). Apatite was deposited within collagen fibrils promoting controlled mineral nucleation on dentine, seen as the formation of an interfacial layer with tag-like structures (1,24). The low bond strength of MTA fillapex in the present study may be due to the low adhesion capacity of these tag-like structures (25).

    

    

  
    
      Conclusions
      In conclusion, tooth discoloration after root canal treatment occurs irrespective of the type of sealers and may cause discoloration with only GP cone. The effect of non-vital bleaching following the use of calcium silicate-based sealers such as Endosequence BC and MTA fillapex was higher than that of AH plus. Therefore, it needs to careful use of sealers in endodontics and calcium silicate-based sealers have advantages of bleaching in case of the discolored tooth. Further studies are also needed to improve the bleaching effects with various sealers.
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