Impact of bacteriological testing using an anaerobic culture system on the success of non-surgical endodontic treatment: a retrospective cohort study
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Abstract
Objectives
Residual bacteria at the time of root canal obturation significantly influence endodontic treatment outcomes in teeth with apical periodontitis, and confirmation of bacterial elimination from the root canal prior to obturation may improve long-term prognosis. However, the contribution of root canal bacterial culture to treatment outcomes in teeth with infected root canals is debated. This study aimed to retrospectively evaluate treatment outcomes in cases in which root canal obturation was performed after confirming negative bacteriological test results.

Methods
The medical records of patients with apical periodontitis or pulp necrosis in whom root canal obturation was performed after confirming a negative bacteriological test result using an anaerobic culture system at the Department of Endodontics and Operative Dentistry at Hiroshima University Hospital between April 1, 2015, and September 30, 2023, were retrospectively reviewed. Treatment outcomes were assessed by comparing dental radiographs obtained before treatment with those obtained during the follow-up, ranging from 3 to 24 months after root canal obturation.

Results
This retrospective study included 284 teeth from 218 patients, and the success rate was 89.1%. Tooth type, number of root canals, type of treatment, preoperative radiolucency around the root apex, preoperative root canal obturation material, dentist experience, and postoperative extent of root canal obturation material did not significantly affect treatment outcomes.

Conclusions
The findings of this retrospective study suggest that infection control incorporating bacteriological examination of root canals using an anaerobic culture system may contribute to a high success rate of nonsurgical endodontic treatment, regardless of other prognostic factors.
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INTRODUCTION
Residual bacteria at the time of root canal obturation significantly influence the outcomes of endodontic treatment in teeth with apical periodontitis [1,2]; thus, confirmation of bacterial elimination from the root canal prior to obturation may improve the long-term prognosis of the tooth. The presence of bacterial infection in the root canal can be evaluated using bacteriological culture. Although various bacteria can be detected in the root canal, because the root canal is an anaerobic environment, anaerobes dominate the bacterial flora [3]. Furthermore, approximately 80% of the bacteria in infected dentin, which is caused by bacterial invasion of the root canal walls, are obligate anaerobes [4]. Therefore, anaerobic cultures are considered more appropriate than aerobic cultures for bacteriological examination of the root canal.
Few studies have reported that a negative anaerobic culture result prior to root canal obturation is associated with a favorable prognosis [5,6]. Conversely, other studies have found no significant difference in long-term outcomes between cases with negative and positive anaerobic culture results prior to obturation [7]. Thus, the contribution of bacteriological culture to treatment outcomes in infected root canals remains controversial [8].
Several factors influence the outcome of root canal treatment, including tooth type, number of root canals, type of treatment, presence of preoperative radiolucency around the root apex, type of preoperative obturation material, dentist experience, and the extent of postoperative obturation. However, the effect of these factors on the prognosis of cases in which obturation is performed after confirming a negative anaerobic culture result remains unclear.
This retrospective study analyzed clinical data collected from the medical records of participants who had undergone treatment for infected root canals, including bacteriological examination of root canals using an anaerobic culture system. The aim was to determine whether such examinations are necessary for achieving successful outcomes in nonsurgical endodontic treatment of infected root canals, while accounting for various factors that may influence treatment prognosis.

METHODS
Ethics approval
This retrospective study, which used data extracted from previously recorded medical charts, was approved by the Ethical Committee for Clinical Research of Hiroshima University (No. E2023-0206) and conducted in accordance with the principles of the Declaration of Helsinki. As the study used existing clinical data and involved no direct patient intervention, informed consent was obtained using an opt-out approach. Information related to the study and handling of personal data was disclosed on the website of the institution, where patients were given the opportunity to decline participation.

Study participants and eligibility criteria
Root canal obturation at the Department of Endodontics and Operative Dentistry, Hiroshima University Hospital, is routinely performed only after negative bacteriological results are confirmed using an anaerobic culture system operated by the Center for Oral Clinical Examination of the hospital. In this retrospective study, we reviewed clinical data from patients who underwent infected root canal treatment, including bacteriological assessment with the anaerobic culture system, at the Department of Endodontics and Operative Dentistry between April 1, 2015 and September 30, 2023. Dentists were divided into two groups according to their experience: <5 years and ≥5 years. Patients diagnosed with apical periodontitis or pulp necrosis who had undergone root canal obturation after bacteriological examination of the root canal using the anaerobic culture system and had not refused to participate in this study were included. The exclusion criteria were (i) no follow-up between 3 and 24 months after root canal obturation, (ii) root canal treatment without rubber dam isolation, and (iii) root canal treatment prior to surgical endodontic treatment. Figure 1 shows the study flowchart according to the inclusion and exclusion criteria and the number of cases treated by dentists with <5 years and ≥5 years of experience, respectively.
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Figure 1. Study flow chart.


Evaluation of treatment outcome
The parameters analyzed were age, sex, tooth type, number of root canals, type of treatment (initial treatment or retreatment), preoperative radiolucency around the root apex, preoperative root canal obturation material, dentist experience (<5 years, or ≥5 years), and pre-and postoperative extension of the root canal obturation material (under, adequate, or over). In this retrospective study, the retreatment group included cases in which patients were referred to the hospital due to poor progress or other reasons, even though retreatment had already been initiated at other hospitals and dental clinics. Treatment outcomes were evaluated by comparing dental radiographs obtained before treatment initiation with those obtained 3–24 months after root canal obturation, using the reduction in lesion size of the apical radiolucency as a parameter. Based on previous studies, good outcomes were defined as disappearance or decrease in bone resorption around the root apex, and when the bone resorption around the root apex remained unchanged or increased, the outcome was defined as poor [9,10]. Clinical symptoms and cone-beam computed tomography images were not used for evaluation. In addition, the outcome was classified as good when the absence of bone resorption at the root apex observed before treatment initiation remained unchanged during the follow-up. In contrast, the outcomes of teeth for which surgical endodontic treatment or extraction was indicated because of poor progress during the follow-up period were classified as poor. All radiographic evaluations were performed by at least two independent evaluators. Figure 2 shows representative pre and postoperative dental radiographs illustrating good and poor outcomes. The kappa coefficient calculated to assess inter-evaluator agreement was 0.789, indicating substantial agreement. The cutoff for number of years of dental experience (5 years) was based on the Japanese Endodontic Association’s application requirements for endodontic specialists and the post-licensure training curriculum in Japan.
[image: Figure 2.]
Figure 2. Representative pre- and postoperative dental radiographs showing good and poor outcomes. Preoperative (A) and postoperative (B) radiographs of a maxillary right lateral incisor (arrows). The 1-year and 4-month follow-up radiograph demonstrates a good outcome. Preoperative (C) and postoperative (D) radiographs of a maxillary left lateral incisor (arrowheads). The 7-month follow-up radiograph shows a poor outcome.


Sample collection and anaerobic bacterial culture test
Prior to obturation, all dentists confirmed that the bacteriological tests of the root canal, conducted at the Center of Oral Clinical Examination, Hiroshima University Hospital, using an anaerobic culture system, showed negative results, with no clinical symptoms. The bacterial examination is outlined as follows [11]: the anaerobic culture system comprised an AnaeroPack (Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan), AnaeroPack pouches and sealing clips (Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan), an anaerobic indicator (Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan), sterile cotton swabs, sterile paper points, and culture media that includes Brucella blood agar (Kyokuto Pharmaceutical Industrial Co., Ltd., Tokyo, Japan) and thioglycolate liquid medium (Nihon Pharmaceutical Co., Ltd., Osaka, Japan). Specimens (root canal bacteria) were collected under rubber dam isolation by inserting a sterile paper point moistened with sterile saline into the root canal. The paper point containing the specimen was immediately placed into the liquid medium and suspended. Subsequently, a portion of the liquid medium was inoculated onto blood agar plates using a sterile cotton swab. An anaerobic environment (N₂, 80% and CO₂, 20%) was established by sealing the blood agar plate containing the specimen, the liquid medium, the AnaeroPack, and the anaerobic indicator within an AnaeroPack pouch, which was incubated at 37°C. Culture evaluation was performed 4–7 days post-initiation. Colony formation on the culture medium surface was considered a positive result, whereas its absence was considered a negative result.

Nonsurgical endodontic treatment methods
All patients underwent nonsurgical endodontic treatment according to standard protocols [10]. Following completion of root canal preparation, enlargement, and irrigation, bacteriological testing was performed when the operator, based on clinical symptoms, judged it appropriate to proceed with root canal obturation. Root canal obturation was performed using the lateral or vertical condensation technique with gutta-percha points (GC Corporation, Tokyo, Japan) and a eugenol-based root canal sealer (Nishika Canal Sealer; Nihon Shika Yakuhin Co., Ltd., Yamaguchi, Japan) or a non-eugenol-based root canal sealer (Canals-N; GC Showayakuhin Corporation, Tokyo, Japan).

Statistical analysis
Statistical analysis was performed using JMP Pro software (ver. 17.0; SAS Institute Inc, Cary, NC, USA). The chi-square test and multiple logistic regression analysis were used to compare success rates between the two groups, and statistical significance was set at p < 0.05. In the multiple logistic regression analysis, the postoperative extent of root canal obturation material was excluded due to unstable parameter estimates. The chi-square test results showed that for tooth type and postoperative extent of root canal obturation material, cells with expected values below 5 accounted for >20% of the total; therefore, the Fisher exact test was performed for these two groups.


RESULTS
A total of 787 infected teeth underwent root canal treatment and bacteriological examination of the root canal using an anaerobic culture system during the study period (Figure 1). Of these, 284 teeth with confirmed clinical outcomes between 3 and 24 months after root canal obturation were included (Figure 1). Among these, 67 teeth from 52 patients and 217 teeth from 170 patients were treated by dentists with <5 years and ≥5 years, respectively. The demographic distribution of the patients is shown in Table 1. The treatment success rate in this retrospective study was 89.1% (Table 2). The chi-square test and Fisher exact test show that tooth type, number of root canals, type of treatment, preoperative radiolucency around the root apex, preoperative root canal obturation material, dentist experience, and postoperative extension of the root canal obturation material did not significantly affect treatment outcomes (Table 3). The multiple logistic regression analysis showed no group significantly affects treatment outcomes, consistent with the chi-square and Fisher exact test results (data not shown).
Table 1. Demographic distribution of the cases
	Variable	Value
	Total tooth number	284
	Age (yr)	62 (48–72)
	Sex	
	 Male	73 (25.7)
	 Female	211 (74.3)
	Tooth type	
	 Maxillary anterior	70 (24.7)
	 Maxillary premolars	44 (15.5)
	 Maxillary molars	51 (18.0)
	 Mandibular anterior	27 (9.5)
	 Mandibular premolars	29 (10.2)
	 Mandibular molars	63 (22.2)
	Number of root canals	
	 Single	150 (52.8)
	 Multiple	134 (47.2)
	Type of treatment	
	 Initial treatment	101 (35.6)
	 Retreatment	183 (64.4)
	Preoperative radiolucency around the root apex	
	 Absent	82 (28.9)
	 Present	202 (71.7)
	Preoperative root canal obturation material	
	 Absent	130 (45.8)
	 Present	154 (54.2)
	Preoperative extent of root canal obturation material	
	 Under	87 (30.6)
	 Adequate	55 (19.4)
	 Over	3 (1.1)
	Postoperative location of root canal obturation material	
	 Under	25 (8.8)
	 Adequate	249 (76.8)
	 Over	10 (3.5)
	Dentist experience	
	 <5 yr	67 (23.6)
	 ≥5 yr	217 (76.4)


Values are presented as number, median (interquartile range), or number (%).


Table 2. Treatment outcomes
	Variable	Value
	Total tooth number	284
	Treatment outcome	
	 Good	253 (89.1)
	 Poor	31 (10.9)


Values are presented as number or number (%).


Table 3. Treatment outcomes according to each characteristic
	Variable	Good	Poor	p-value
	Tooth type			
	Maxillary anterior	64 (22.5)	6 (2.1)	0.2906
	Maxillary premolars	42 (14.8)	2 (0.7)	
	Maxillary molars	44 (15.5)	7 (2.5)	
	Mandibular anterior	23 (8.1)	4 (1.4)	
	Mandibular premolars	23 (8.1)	6 (2.1)	
	Mandibular second premolars	57 (20.1)	6 (2.1)	
	Number of root canals			
	Single	134 (47.2)	16 (5.6)	0.8869
	Multiple	119 (41.9)	15 (5.6)	
	Type of treatment			
	Initial treatment	93 (32.8)	8 (2.8)	0.2292
	Retreatment	160 (56.3)	23 (8.1)	
	Preoperative radiolucency around the root apex			
	Absent	77 (27.1)	5 (1.8)	0.0971
	Present	176 (62.0)	26 (9.2)	
	Preoperative root canal obturation material			
	Absent	120 (42.3)	10 (3.5)	0.1095
	Present	133 (46.8)	21 (7.4)	
	Dentist experience			
	<5 yr	62 (21.8)	5 (1.8)	0.2998
	≥5 yr	191 (67.3)	26 (9.2)	
	Postoperative extent of root canal obturation material			
	Under	25 (8.8)	0 (0)	0.1113
	Adequate	218 (76.8)	31 (10.9)	
	Over	10 (3.5)	0 (0)	


Values are presented as number (%).



DISCUSSION
Anaerobic bacteria predominantly form biofilms in the anaerobic environment of the root canal [3,4]. Because elimination of bacteria from the root canal significantly influences the outcome of root canal treatment [1,2], confirming the aseptic condition of the root canal after cleaning and shaping prior to obturation may increase the success rate of root canal treatment. In addition, the elimination of Enterococcus faecalis, a problematic facultative anaerobic bacterium, from the root canal is important for improving the success rate of root canal treatment [12–14]. An in vivo study in monkeys reported that treatment outcomes were influenced more by the presence of bacteria in the root canal than by the quality of root canal obturation [15]. Therefore, bacteriological examination of the root canal using an anaerobic culture system is recommended to confirm the absence of bacteria causing apical periodontitis or pulp necrosis. As the Center for Oral Clinical Examination, Hiroshima University Hospital has this culture system, dentists in the Department of Endodontics and Operative Dentistry routinely use it as a standard practice.
The treatment success rate in this retrospective study was 89.1%, which is higher than that previously reported [16–20]. Several factors influence endodontic treatment outcomes [16–25]. Particularly, rubber dam isolation during endodontic treatment significantly influences tooth survival [21] and was performed in all cases in this study. In this study, we evaluated factors that influenced the outcomes of root canal treatment in previous studies (type of treatment, preoperative radiolucency around the root apex, preoperative root canal obturation material, years of dental experience, and postoperative extension of the root canal obturation material). Surprisingly, none of these significantly affected treatment outcomes (Table 3). Particularly, this study highlighted that the dentist’s experience did not significantly influence the success rate. Previous studies have reported that treatment planning and technical skills for performing root canal treatment depend on the dentist’s experience, and that the success rate of endodontic treatment is significantly higher when performed by specialists than when performed by general dentists [22,26].
The distribution of treatment difficulty remains unclear; however, the success rate in this retrospective study did not vary with the dentist’s experience, and a high success rate was achieved. This suggests that bacteriological examination of the root canal using an anaerobic culture system may result in less clinically experienced dentists achieving successful nonsurgical endodontic treatment.
This retrospective study had some limitations, including a small sample size, a wide range of observation periods (3–24 months), a lack of consideration of the type of restoration after root canal obturation, and crown leakage. Additionally, because samples are collected using sterilized paper points inserted into saline-soaked root canals with rubber dam isolation, anaerobic bacterial culture primarily detects bacteria in the main root canal(s) rather than in lateral root canals. Furthermore, the study did not include a comparison of success rates with cases in which root canal obturation was performed after confirming a positive anaerobic bacterial culture test, since the establishment of a positive control group that could potentially lead to poor clinical outcomes for patients was expected to be disapproved by the Ethical Committee for Clinical Research at Hiroshima University. Another limitation is that anaerobic culture results require 4–7 days to become available. Therefore, because an interval is necessary between sampling and obturation, intracanal medicament using calcium hydroxide paste and a tight temporary seal using a double layer of temporary stopping material and glass ionomer cement were routinely applied to minimize the risk of reinfection during nonsurgical endodontic treatment. Previous studies supporting the utility of bacterial culture have shown that, when root canal treatment and obturation were performed on infected canals, prognosis was better when bacterial culture tests were negative prior to obturation than when they were positive [1,6]. Although this study has certain limitations, anaerobic bacterial culture remains an important procedure for achieving favorable outcomes in nonsurgical endodontic treatment.

CONCLUSIONS
The success rate of root canal treatment in teeth in which obturation was performed after confirming negative anaerobic bacterial culture test results was not influenced by factors conventionally believed to affect treatment outcomes. Notably, the dentist’s experience had no impact on treatment outcomes. Based on the findings in this retrospective study, in addition to rubber dam isolation, implementing standardized infection control through bacteriological examination of the root canal using an anaerobic culture system may be considered to achieve high success rates in root canal treatment.
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