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Rapid Quantification of Bacteria in Infected Root Canals Using Fluorescence Reagents and a Membrane Filter: A Pilot Study on Its Clinical Application to the Evaluation of the Outcomes of Endodontic Treatment
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Abstract. 
Objective. The bacterial examination has been performed during the course of the root canal treatment.  In the present pilot study, the new developed method, using fluorescence reagents and a membrane filter, was applied to the detection and quantification of bacteria in infected root canals, in order to evaluate the outcomes of the treatment.  Methods. Six infected root canals with periapical lesions from 5 subjects were included.  Informed consent was obtained from all subjects (age ranges, 23–79 years).  Samples from infected root canals were collected at the beginning of the treatment (termed #25 First), the end of the first day of treatment (termed #55 First), and the next appointment day (termed #55 Second).  Then, the bacterial count (CFU) was measured using fluorescence reagents (4′,6′-diamidino-2-phenylindole and propidium iodide) and the polycarbonate membrane filter by Bioplorer.  Results. The mean ± SD of CFU in the sample of “#25 First” was 
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 (#55 Second). Conclusion. In the present pilot study, rapid detection and quantification of bacteria in infected root canals were found to be successfully performed using fluorescence reagents and a membrane filter (Bioplorer analysis).
 

1. Introduction
It has been known that the microbiota in infected root canals is composed of various oral bacteria, in particular anaerobic bacteria [1–5], and is likely to lead to the failure of the treatment, such as the formation of persistent endodontic lesions. Thus, the bacterial examination during the course of the treatment of infected root canals has been performed in order to evaluate the outcomes of the treatment, resulting in good prognosis [6, 7]. However, detection of bacteria in infected root canal of each case by using culture and/or molecular biological techniques is relatively time consuming, and therefore these methods perhaps should be modified for the clinical use. Furthermore, it is still unclear whether the remaining small numbers of bacteria in the root canals have impact on the reoccurrence of periapical periodontitis or not.
 Recently, a rapid method of detection and quantification of bacteria in foodstuffs and/or chemical products, using fluorescence reagents and a membrane filter, has been developed in Japan [8, 9]. The technique enables us to count the number of live bacterial cells by differentiating live and dead bacterial cells in the sample within a half an hour. However, the method has not been applied to the quantification of samples in infected root canals.
 Therefore, in the present pilot study, we applied the new developed method using fluorescence reagents and a membrane filter to the detection and quantification of bacteria in infected root canals and compared its data with ones by culturing method.
2. Materials and Methods
2.1. Subjects
Subjects with periapical periodontitis (five females; age, 23–79 years), who were attending the Division of Endodontology, Tohoku University Hospital, were randomly selected for this study (Table 1). Periapical periodontitis was diagnosed based on clinical features, for example, sensitivity (tenderness) to percussion/occlusion and radiographical findings, as described previously [1]. Selected teeth had clinically no obvious margin leakages, had enough coronal structure for adequate isolation with a rubber dam, and were free of periodontal pockets deeper than 4 mm. Based on history, all subjects were medically healthy and received no antibiotics for the 3 months before sampling. Informed consent was obtained from all subjects, and this study was approved by the Research Ethics Committee of Tohoku University Graduate School of Dentistry, Sendai, Japan.
Table 1: Clinical features of subjects.
	

	Case	1	2	3	4	5	6
	

	Age	23	23	71	79	62	46
	Gender	F	F	F	F	F	F
	Tootha	21	12	13	43	12	22
	



									aA tooth of sampling site is expressed by the FDI two-digit notation.


2.2. Sampling
Each tooth was isolated with a rubber dam, and the operative field was disinfected with both iodine glycerin dental disinfectants Showa (Showa Yakuhin Kako, Japan) and 70% ethanol. Coronal access cavity was prepared with a sterilized high-speed bur under irrigation with sterile saline solution. When the pulp chamber was exposed, a sterile #25 K-file (GC, Japan) was introduced, and the canal length was determined using an apex locator (Root ZX; Morita, Japan). Dentin sample (termed #25 First) was collected from an apical canal by filing intensively with a sterile K-file of the canal size. After the first sampling, cleaning and shaping of the root canal was carried out with sterile K-files (from #25 to #55) under alternative irrigation with 3% H2O2 and Antiformin JP Dental (Nihon Shika Yakuhin Co., Ltd., Japan), and dentin sample (termed #55 First) was again collected. Then, an intracanal medicament, that is, calcium hydroxide paste (UltraCal XS, Ultradent Products Inc., USA) was applied until the next appointment (for a week), and the coronal access cavity was sealed with a temporary cement (Lumicon; Heraeus Kulzer Japan, Japan).
 On the day of root canal obturation, each tooth was evaluated for clinical condition, and it was confirmed that there were no clinical signs of apical periodontitis as described above. The tooth was isolated with a rubber dam, and the operative field was disinfected as described above. The temporary cement was removed, and the intracanal medicament was rinsed out of the canal with sterile saline solution and a K-file. Immediately prior to root canal obturation with gutta-percha and sealer, dentin sample (termed #55 Second) was again collected. After obturation, the tooth was temporarily filled with glass ionomer cement (Fuji IX; GC). 
2.3. Quantification of Bacteria by Bioplorer
Each file cutoff by a sterilized wire cutter was placed in a sterile and endotoxin-free tube (BD, USA), and it was immediately transferred to a laboratory. Each sample was suspended in 4.0 mL of sterile, endotoxin-free saline (Otsuka Pharmaceutical Co., Ltd., Japan), and dispersed by vortexing for 1 min. The procedure of the quantification of bacteria by Bioplorer was described elsewhere [8, 9]. In brief, each 1.0 mL of sample was placed and fixed on a polycarbonate membrane filter (0.4 μm pore size) (FJ-VKF03; Koyo Sangyo, Japan) by aspiration, after the addition of 100 
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L of Tween 80 (0.1%) (FJ-VKR05; Koyo Sangyo) to improve filterability. The membrane filter (triplicate) was stained with 100 
	
		
			

				𝜇
			

		
	
L of 4′, 6′-diamidino-2-phenylindole (DAPI; 1.0 
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g/mL) (FJ-VKR01, Koyo Sangyo) (for live and dead bacterial cells due to its hydrophobic property and cell membrane permeability) for 2 min, and then stained with 100 
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L of propidium iodide (PI; 2.5 
	
		
			

				𝜇
			

		
	
g/mL) (FJ-VKR03, Koyo Sangyo) (for only dead bacterial cells due to its ionic property and cell membrane impermeability). Subsequently, the number of live bacterial cells was monitored and calculated by Bioplorer (Koyo Sangyo), since the DAPI reacting with DNA produces luminescence (460 nm) by ultraviolet excitation light (375 nm), while the PI reacting with DNA does it (620 nm) by green excitation light (525 nm).
2.4. Quantification of Bacteria by Culture
The remaining 1.0 mL sample was dispersed with a Teflon homogenizer. Serial 10-fold dilutions (0.1 mL each) were spread onto the surface of CDC anaerobe 5% sheep blood agar (BD) plates (duplicate) and incubated in the anaerobic glove box (Hirasawa, Japan) at 37°C for 7 days, as described previously [1, 3, 4]. After the incubation, colony-forming units (CFUs) were counted.
2.5. Statistical Analysis
Wilcoxon test was used to determine the statistical significance of the bacterial counts determined by Bioplorer and culture, and two-way factorial ANOVA was used to determine the statistical significance of data of “#25 First,” “#55 First,” and “#55 Second.” A 
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 value of <0.05 was considered to be statistically significant.
3. Results
The mean ± SD bacterial counts (CFU) in the sample of “#25 First” were 
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 by Bioplorer and culture, respectively (Figure 1). As the root canal treatment progressed, the CFU decreased as 
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 (#55 Second) by Bioplorer analysis. Similarly, the CFU in the sample of “#55 First” and “#55 Second” analyzed by culture decreased compared with “#25 First,” and in particular, no bacteria were virtually detected in the sample of “#55 Second” by culture (Figure 1).




























	
		
			
		
			
		
		
			
		
	


	
		
			
		
			
		
		
			
		
	


	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	


	


	


	
	
	


	
		
	
	
		
	
	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


	
		
	
	
		
	
	
		
	
	
		
		
	


Figure 1: The mean bacterial counts (CFUs) in the samples (cases 1 to 6) at #25 First (at the beginning of the treatment), #55 First (at the end of the first day of treatment), and #55 Second (at the next appointment day) by Bioplorer and culture.


4. Discussion
Through the adoption of improved anaerobic glove box system, it has been reported that anaerobic bacteria are predominant in infected root canals, and thus suggesting that the environment of infected root canals may be anaerobic [1–5]. Therefore, the clinical examination of bacteria during the course of the treatment of infected root canals should be carefully performed, being concerned about anaerobic bacteria and anaerobic conditions. However, routine bacterial culturing procedure of root canal of each case, including incubation under anaerobic conditions, is relatively time consuming and seems somewhat clinically impractical.
 Alternatively, the detection and quantification of bacteria in infected root canals with molecular biological techniques has been applied in order to evaluate the outcomes of the treatment [10, 11]. Since the techniques require several hours to detect and quantify the bacteria (even though the methods are relatively quicker than culture), these methods perhaps should be modified for the clinical use. In the present pilot study, the new method, developed in Japan, using fluorescence reagents and a membrane filter, was applied to the detection and quantification of bacteria in infected root canals. The method made it possible to quantify the bacteria in the sample of infected root canals in approximately 20 min, indicating that the method is useful for the clinical bacterial examination during the course of the treatment of infected root canals when evaluating the outcomes of the treatment.
 Utilizing the Bioplorer, 
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of bacteria were quantified from the samples of the beginning of the treatment (#25 First), the end of the first day of treatment (#55 First), and the next appointment day (#55 Second), respectively. A similar tendency of decreasing was observed in the quantification of bacteria by culture (Figure 1) in agreement with previous studies [12–18] although the counts by the Bioplorer were found to be higher than that by culture. The differences might be explained by the existence of unculturable bacteria in the infected root canals as well as in oral cavities [19–21].
 In all of the cases in the present study, obturation of root canals with gutta-percha and sealer were performed routinely after the evaluation for clinical conditions and confirmation with no clinical signs of apical periodontitis, as described previously [22] although several hundreds of bacteria were detected by Bioplorer (and no bacteria were virtually detected by culture). All of the cases in the present study showed good prognosis for 2–5 months after obturation completed (data not shown), suggesting that the small numbers of bacteria, even if they remained in the root canals, might have little impact on the reoccurrence of periapical periodontitis although further studies including long-term clinical observations are required to verify this proposition.
 In summary, in the present pilot study, focusing on the methodological confirmation regarding the accuracy and reliability when used clinical samples taken from infected root canals, detection, and quantification of bacteria in infected root canals were found to be performed rapidly using fluorescence reagents and a membrane filter (Bioplorer analysis).
Acknowledgments
T. Sato, K. Yamaki and N. Ishida share first authorship. This study was supported in part by Grants-in-Aid for Scientific Research (22592112, 22592330, 23592791, and 23792201) from the Japan Society for the Promotion of Science.
References
	T. Sato, K. Yamaki, N. Ishida et al., “Cultivable anaerobic microbiota of infected root canals,” International Journal of Dentistry, vol. 2012, pp. 609689–5, 2012, doi:10.1155/2012/609689.
	Y. Ito, T. Sato, K. Yamaki et al., “Microflora profiling of infected root canal before and after treatment using culture-independent methods,” Journal of Microbiology, vol. 50, no. 1, pp. 58–62, 2012.
	T. Sato, E. Hoshino, H. Uematsu, and T. Noda, “Predominant obligate anaerobes in necrotic pulps of human deciduous teeth,” Microbial Ecology in Health and Disease, vol. 6, no. 6, pp. 269–275, 1993.
	N. Ando and E. Hoshino, “Predominant obligate anaerobes invading the deep layers of root canal dentin,” International Endodontic Journal, vol. 23, no. 1, pp. 20–27, 1990.
	G. Sundqvist, Bacteriological Studies of Necrotic Pulps, Odontologisk Dissertations, Umeå University, Umeå, Sweden, 1976.
	N. Ando, E. Hoshino, M. Sato, K. Kota, and M. Iwaku, “Culture conditions for efficient recovery of bacteria from infected dental root canals,” Japanese Journal of Oral Biology, vol. 31, no. 5, pp. 603–608, 1989.
	T. Kiryu, N. Ando, T. Hinata et al., “Evaluation of various tubed media for efficient bacterial examination in endodontics,” Niigata Dental Journal, vol. 22, no. 1, pp. 15–20, 1992.
	T. Shimakita, Y. Tashiro, A. Katsuya, M. Saito, and H. Matsuoka, “Rapid separation and counting of viable microbial cells in food by nonculture method with bioplorer, a focusing-free microscopic apparatus with a novel cell separation unit,” Journal of Food Protection, vol. 69, no. 1, pp. 170–176, 2006.
	Y. Masakiyo, A. Yoshida, Y. Takahashi et al., “Rapid LED-based fluorescence microscopy distinguishes between live and dead bacteria in oral clinical samples,” Biomedical Research, vol. 31, no. 1, pp. 21–26, 2010.
	H. P. Horz, M. E. Vianna, B. P. F. A. Gomes, and G. Conrads, “Evaluation of universal probes and primer sets for assessing total bacterial load in clinical samples: general implications and practical use in endodontic antimicrobial therapy,” Journal of Clinical Microbiology, vol. 43, no. 10, pp. 5332–5337, 2005.
	M. Sakamoto, J. F. Siqueira, I. N. Rôças, and Y. Benno, “Bacterial reduction and persistence after endodontic treatment procedures,” Oral Microbiology and Immunology, vol. 22, no. 1, pp. 19–23, 2007.
	M. E. Vianna, H. P. Horz, B. P. F. A. Gomes, and G. Conrads, “In vivo evaluation of microbial reduction after chemo-mechanical preparation of human root canals containing necrotic pulp tissue,” International Endodontic Journal, vol. 39, no. 6, pp. 484–492, 2006.
	L. B. Peters, A. J. Van Winkelhoff, J. F. Buijs, and P. R. Wesselink, “Effects of instrumentation, irrigation and dressing with calcium hydroxide on infection in pulpless teeth with periapical bone lesions,” International Endodontic Journal, vol. 35, no. 1, pp. 13–21, 2002.
	U. Sjögren, D. Figdor, S. Persson, and G. Sundqvist, “Influence of infection at the time of root filling on the outcome of endodontic treatment of teeth with apical periodontitis,” International Endodontic Journal, vol. 30, no. 5, pp. 297–306, 1997.
	D. Orstavik, K. Kerekes, and O. Molven, “Effects of extensive apical reaming and calcium hydroxide dressing on bacterial infection during treatment of apical periodontitis: a pilot study,” International Endodontic Journal, vol. 24, no. 1, pp. 1–7, 1991.
	U. Sjögren, D. Figdor, L. Spångberg, and G. Sundqvist, “The antimicrobial effect of calcium hydroxide as a short-term intracanal dressing,” International Endodontic Journal, vol. 24, no. 3, pp. 119–125, 1991.
	A. Byström and G. Sundqvist, “The antibacterial action of sodium hypochlorite and EDTA in 60 cases of endodontic therapy,” International Endodontic Journal, vol. 18, no. 1, pp. 35–40, 1985.
	A. Byström and G. Sundqvist, “Bacteriologic evaluation of the efficacy of mechanical root canal instrumentation in endodontic therapy,” Scandinavian Journal of Dental Research, vol. 89, no. 4, pp. 321–328, 1981.
	J. F. Siqueira Jr. and I. N. Rôças, “Critical review in oral biology and medicine: diversity of endodontic microbiota revisited,” Journal of Dental Research, vol. 88, no. 11, pp. 969–981, 2009.
	J. A. Aas, B. J. Paster, L. N. Stokes, I. Olsen, and F. E. Dewhirst, “Defining the normal bacterial flora of the oral cavity,” Journal of Clinical Microbiology, vol. 43, no. 11, pp. 5721–5732, 2005.
	W. G. Wade, “Unculturable bacteria in oral biofilms,” in Dental Plaque Revisited: Oral Biofilms in Health and Disease, H. N. Newman and M. Wilson, Eds., BioLine, Cardiff, UK, 1999.
	L. Tronstad, Clinical Endodontics, Thieme, Stuttgart, Germany, 3rd edition, 2009.


OEBPS/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  





OEBPS/pageMap.xml
 
                                 
                                



OEBPS/Fonts/xits-italic.otf


OEBPS/Fonts/xits-bolditalic.otf


OEBPS/Fonts/xits-regular.otf


OEBPS/Fonts/xits-math.otf


