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ABSTRACT 
Introduction: It is scientifically established that absence of viable bacteria in the root canal 

prior to root filling is an important factor for a successful outcome of endodontic treatment. 

Culturing technique is often used to confirm a root canal free from bacteria before obturation. 

This technique has some unfavorable limitations. Polymerase chain reaction (PCR) is a 

molecular technique which can be used to analyze the endodontic microflora and enable faster 

analytical progress. It is however uncertain if PCR can be used to predict treatment outcome 

in endodontic treatment. The aim of this study is to investigate whether PCR as a method 

could be used to predict treatment outcome by bacterial sampling prior to root filling. 

 

Methods: During strict aseptic conditions, bacterial samples were taken in 24 single-rooted 

teeth on two occasions. The first samples were taken directly after access cavity was made, 

and the second samples were taken after the canals were treated and cleaned with 

antimicrobial substances, using sterile saline and paper points. The samples were transferred 

to fluid thioglycolate medium. Analyzes of all the samples were made with PCR-method and 

culturing technique. These results were correlated to healing seen in x-rays for each tooth. 

 

Results: No correlation between healing and bacterial DNA numbers prior to root filling 

analysis was found. Neither was a correlation found between the bacterial DNA numbers 

prior to treatment and bacterial numbers before root filling.  

 

Conclusions: The results indicate that PCR, as a method, cannot be used to predict the 

outcome of endodontic treatment. 
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INTRODUCTION 
Treatment of apical periodontitis 

Root canal treatment is the main choice in treatment of apical periodontitis. The treatment is 

performed in several steps. At the first visit, the root canal system is mechanically cleaned 

and treated with antimicrobial substances to eliminate bacteria. As this chemo-mechanical 

treatment often results in residual bacteria (Siqueira et al., 2007) the canals are dressed with 

calcium hydroxide and the tooth is sealed until next treatment. At the second visit, the root 

canal dressing is removed and replaced with a root canal filling. As the purpose of the 

endodontic treatment is to achieve a root canal free from infection, a good aseptic technique is 

important throughout the whole treatment for a successful outcome (Lin et al., 2014). 

 

An infected root canal contains about 102- 108 cells which some belongs to viable bacteria 

(Sundqvist, 1976). The aim with endodontic treatment is to dissolve the biofilm and eliminate 

the bacteria from the root canal system. Absence of viable bacteria in the root canal prior to 

root filling results in a higher success rate regarding healing of the apical periodontitis, 

(Molander et al., 2007, Sathorn et al., 2007).  The success rate of treating apical periodontitis 

if bacteria are not detected prior to obturation (negative bacterial sample) is 94%. If bacteria 

are present at the time of root filling (positive bacterial sample) the success rate drops to 68% 

(Sjögren et al., 1997). According to Molander the success rate is slightly lower, 80% with 

negative bacterial samples and 44% with positive bacterial samples (Molander et al., 2007). 

However, it is shown that “the presence of a positive bacterial culture (CFU < 102) at the 

time of obturation did not influence the outcome of treatment.”(Peters and Wesselink 2002). 

 

Nevertheless, both Molander and Sjögren indicate that negative bacterial samples result in 

higher success rate of treatment. It is therefore of interest to determine whether viable bacteria 

are present in the root canal before root filling, this to predict treatment outcome. 
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Bacterial sampling 

There are several methods for detection of bacteria in a root canal among others culturing and 

molecular techniques such as polymerase chain reaction (PCR). Both methods require a 

bacterial sample from the root canal. The sampling process is performed by following these 

steps: First the tooth is isolated from the oral cavity using a rubber dam. The operation field is 

then disinfected before removal of the temporary filling and the canal dressing by rinsing the 

canal with saline. The root canals are then dried and filled with sampling fluid (sterile saline), 

and the canal walls are scaled with root canal files. The content in the canal are then collected 

with sterile paper points and transferred to a substrate medium. Thereafter the sample can be 

analyzed by PCR or the culturing technique. These two methods exhibit a number of 

differences which must to be considered when selecting method for the analysis when 

conducting endodontic treatment. 

 

When considering culture technique, several studies show its application as a method for 

predicting the outcome of endodontic treatment (Sjögren et al., 1997; Molander et al., 2007; 

Sathorn et al., 2007). However, the culture technique is both time consuming and resource 

demanding. Furthermore, not-yet-cultivable bacteria cannot be detected using this technique. 

Remarkably, 40-66% of the bacteria in an infected root canal are yet uncultivated species 

(Sakamoto et al., 2006; Munson et al., 2002; Ribeiro et al., 2011). On the other hand, the 

molecular technique PCR can be used to analyze DNA of the endodontic microflora (Siqueira 

and Rôças 2003). Molecular techniques, including PCR, detects DNA from both viable and 

dead bacteria, unlike culturing which only detects the bacteria that are viable (Josephson, et 

al., 1993). This causes a large difference in bacteria/bacterial DNA amount depending on the 

method used. PCR can be used to track very small amounts of bacteria and has a high 

analytical specificity and does not require a particular method for detection of the anaerobic 

flora (Siqueira and Rôças 2003). The method is highly sensitive and demands a carefully 

extracted bacterial sample to ensure that no contamination can lead to false positive responses 

(Garibyan and Avashia 2013). 

 

Due to the analytical advantages and lower resource demands PCR has to great extent 

replaced culture technique in the scientific field for detection of bacteria. If PCR could be 

used as an instrument for prognosis assessment of endodontic treatment obvious advantages 

can be seen due to the methods cost and time effectiveness. Despite this, no studies 

investigating the matter are to be found in the scientific literature. 



 5 

 

The aim of this study is to investigate whether the PCR method can be used as analyzing 

method to predict treatment outcome by bacterial sampling prior to root filling. 

 

The null hypothesis used in the study are formulated as follows: There is no correlation 

between the number of bacteria DNA according to PCR and the treatment outcome. 

 

Literature 

When conducting the systematic literature search for this study the following databases where 

consulted, Pub-Med and Google Scholar1. In addition to articles found during the literature 

search, the following literature has been used in the acquisition of basic knowledge: 

Endodontics: principles and practice, Torabinejad, Mahmoud (Ed.) Walton, Richard E. (Ed.); 

cop. 2015 

                                                      
1 The following MESH-/Search-terms where applied: Root Canal Therapy, Periapical Periodontitis,  Dental Pulp 

Necrosis, Bacteria/isolation & purification, Polymerase Chain Reaction 
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MATERIAL AND METHODS 

Study population and selection 

This study uses a data set of bacterial samples collected from 28 patients during a previous 

study (manuscript in preparation). However, all patients included has given their consent to 

participation in this study. This study was approved by the ethics committee, Department of 

Odontology Umeå. 

A data loss of four participants occurred since some patients could not come for the follow up 

X-ray examination due to fatality and migration. This study is therefore conducted on a data 

material from 24 patients. 

 

Data collection method 

At the first visit the tooth was isolated from the oral cavity using rubber dam and was 

disinfected with hydrogen peroxide (30%; 1 min). Then the tooth was cleaned with sodium 

hypochlorite (3%; 2 min). As a last step the tooth, clamp and rubber dam were cleaned with 

Iodine tincture (5%) and left to dry. A sample of the operation field was taken to confirm the 

sterility by scrubbing the tooth surface with a minifoam (Disposable Mini-Sponge Applicator; 

3M Espe, St. Paul, MN, USA) soaked in thiosulphate solution and analyzed by culture and 

PCR (SC). An access cavity was performed. The canals of the tooth were filled with sampling 

fluid (sterile saline) and the contents in the canals were collected with sterile paper points and 

transferred to fluid thioglycalate medium (FTM). Samples were immediately transferred to 

the lab for analysis. The samples were analyzed with both PCR (IC-PCR) and culturing 

technique (IC-ODL). After sampling, the canals were cleaned and treated with antimicrobial 

substances, i.e. rinsed with Dakins solution and left with calcium hydroxide (Calasept®, 

Directa AB, Sweden) for two weeks, zink oxide eugenol (Zink oxide Eugenol, Sweden) was 

used as temporary filling.  

 

At the second visit the tooth once again was isolated from the oral cavity using rubber dam 

and the operation field was disinfected as above before removal of the temporary filling. The 

antimicrobial substance was then removed and the canals were cleaned and rinsed with sterile 

saline. The canals were left empty for two weeks to allow any eventual remaining bacteria to 

grow. The orifice of the canal was blocked with two mini foams (Disposable Mini-Sponge 

Applicator; 3M Espe, St. Paul, MN, USA) and sealed with a temporary filling as previously 

described. 
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At the third visit root canal samples were again taken using the same procedure as in the first 

visit except that the canal walls were scaled with hand files after the canals were filled with 

sampling fluid (sterile saline). The contents in the canals were collected with sterile paper 

points and transferred to FTM to detect any eventually remaining bacteria. The final samples 

taken before root filling were analyzed with PCR (EC-PCR) and culturing technique (EC-

ODL). The canals were then obturated and a permanent seal was performed. Strict aseptic was 

used during all steps of the treatment. 

 

DNA extraction 

Samples were thawed and centrifuges (16,000g). Pellets were thoroughly suspended in 200 

μL Lysis Solution containing Lysozyme (45 mg/mL, Merck) and Mutanolysin (250 U/mL, 

Merck) and incubated at 37 °C for 30 min. RNase A (20 μL) was added at room temperature 

(2 min), then Proteinase K (20 μL) and Lysis solution C (200 μL). The tubes were incubated 

(55 °C; 10 min). After addition of ethanol (99.5%) DNA was washed and eluted in 200 µL 

elution solution. The samples were then kept frozen.  

 

PCR 

Universal primers were used producing a 170 bp amplicon. PCR amplifications were prepared 

in a 10 µL final reaction volume: 1 µL total DNA template, 0.5mM of each primer; 5 µL PCR 

mix (KAPA SYBR FAST universal qPCR kit, KAPA Biosystems, Boston, MA, United 

States) Ultrapure water (Sigma-Aldrich,) was added to give the final reaction volume. Real-

time PCR was performed using a qPCR machine (Corbett RESEARCH, RG-6000, Sydney, 

Australia). An initial incubation at 95°C (10 min) was followed by 40 cycles of denaturing at 

95°C (10 sec); annealing 68° C (5 sec); amplification 72°C (7 sec). All samples were run in 

duplicates. Quantification of amplification products was performed using Rotor-Gene 6000 

Series Software 1.7. Standard curves were prepared using DNA from pure cultures with 

known concentrations of bacteria (Enterococcus faecalis; JH2-2). Providing standard curves 

tenfold serial dilutions of known amount of DNA (108 to 102 cells) were processed. Ultrapure 

water (Sigma) replaced the bacterial DNA template in the negative control. 
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X-ray review 

The healing process of apical periodontitis can take up to five years. The majority of the 

lesions are healed within a period of two years (Byström 1986). To determine if the treatment 

of the tooth was successful an X-ray where taken to evaluate if the infection had healed X-

rays taken up to 4 years after treatment were available from 24 patients. For two patient’s data 

were missing, therefore they were contacted and asked to come to the clinic for 

complementary X-rays. The X-ray examinations were performed by the responsible dentist 

and then examined by three operators. The criteria for healing are defined according to 

Strindberg (Strindberg 1956). 

 

Statistical methods 

Data from the PCR analysis where analyzed using statistical methods in SPSS (Statistical 

Package for the Social Sciences). While all our variables (EC-ODL, EC-PCR, IC-ODL, IC-

PCR) were non-parametric the following tests have been used:  

 

Mann-Whitney test was used to determine if a significant difference regarding EC-PCR 

(Bacterial DNA number before root filling) could be observed between patient cases where 

healing where seen respectively patient cases where healing where not seen.  

 

Spearman´s test was used to look at a possible correlation between the number of bacteria 

DNA according to PCR prior to cleaning, rinsing and root filling (IC-PCR and EC-PCR).  

 

The statistical level of significance was set to 0.05 i.e p ≤ 0.05 was regarded as significant. 
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RESULTS 

All surface control (SC) were negative for culture but bacterial DNA could be detected using 

PCR in all samples. 

The first sampling results from culturing (IC-ODL) showed that 18 of 24 teeth was infected 

by viable bacteria and six teeth were free from bacteria prior to root canal cleaning. In the 

infected teeth the amount of bacteria varied from 4 x 101 to x 105 with an average of 9.7 x 104 

bacteria prior to cleaning (Table 1). 

 

The first sampling results when using PCR technique (IC-PCR) showed bacteria DNA in all 

24 teeth. The amount varied from 6.6 x 104 to 5.8 x 106, with a mean of 1 x 106 bacteria DNA 

detected with PCR analysis (Table 1). 

 

The second sampling results from culturing (EC-ODL) showed 20 of 24 teeth free from viable 

bacteria. Four teeth remained containing bacteria, the amount varied from five to 1.4 x 102. 

That gave an average of 74 bacteria in the still infected teeth after rinsing, prior to root filling. 

Two of the teeth showing no bacterial growth did not heal. Three of the four infected teeth 

healed. One of the infected teeth did not heal (Table 1). 

 

The second sampling results from PCR analysis (EC-PCR) still showed all teeth containing 

bacterial DNA. The amount of bacterial DNA in these teeth varied from 5 x 103 to 2.4 x 

104,  giving the mean of 1.2 x 104 bacterial DNA detected in the teeth (Table 1). 

 

According to the Mann-Whitney test there were no significant difference regarding bacterial 

DNA number before root filling (EC-PCR) between healed and non-healed cases (p₌0.513; 

Table 1). 

 

Furthermore, the Spearman´s test showed no correlation between the number of bacteria DNA 

according to PCR prior to cleaning and rinsing and before root filling (IC-PCR and EC-PCR; 

p₌0,806). 
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DISCUSSION 

No correlation where found between healing and bacterial DNA numbers according to PCR 

analysis prior to root filling. Neither was a correlation found between the bacterial DNA 

numbers prior to treatment and bacterial DNA numbers before root filling. This indicates that 

PCR cannot be used as a method of microbiological control in endodontic treatments.  

 

It is important to emphasize that PCR as a method also detects dead bacteria DNA and 

releases background noise that may have affected the data. This is a main reason why the 

calculated bacteria amount from the PCR analysis turned out to be greater than the culturing 

results. According to Brundin DNA from dead cells can remain in root canals for several 

years due to a specific binding affinity between hydroxy apatite/dentin and DNA which bind 

and stabilize DNA and prevent it from degradation (Brundin et al., 2010; Brundin et al., 2013; 

Brundin et al., 2014). Therefore, healing might still be achieved even though there were 

bacterial DNA detected with PCR before obturation. 

 

In two teeth no bacteria were present at time of obturation but did still not heal. Although 

persistent infection is the main cause for endodontic failure, there are other factors that might 

be a reason for unsuccessful outcome. Radicular cysts and extra-radicular infections are 

known to be therapy resistant (Sjögren et al., 1997; Ramachandran Nair et al., 1999). In the 

two teeth that did not heal, apical surgery was performed with successful outcome. No 

histological diagnoses are available meaning that the cause of failure cannot be presented. 

There is a possibility that if the root canal was still infected the residual bacteria were unable 

to culture due to technical reasons or the fact that the present bacteria were not-yet-cultivable, 

i.e. giving a false negative bacterial sample. 

 

All samples taken in this study were positive for bacterial DNA, even the control samples 

after disinfecting the tooth surface before entering the pulp chamber. According to a previous 

pilot study, it is shown that despite the disinfection of the tooth as well as the operating area, 

residual bacterial DNA remains (Abdul Hussain and Hawaz Ali 2017). It is shown that a 

difficulty persists to remove all contaminated bacterial DNA from the operation field i.e. from 

tooth surfaces with disinfection routines and contamination protocols that are used today. 

(Figdor and Brundin 2016). 
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This means that a possible factor that may have influenced the results, and thus constitute an 

obstacle to the use of the PCR method as a predictor for healing, is the risk of transmitting 

bacterial DNA from the dental surface, i.e. bacteria are not collected from  the  root canal but   

have been introduced in the canal from the tooth surface during sampling, which led to a false 

positive answer. Human factors are also one possible source of error. Laborations were 

accomplished at three occasions. This may have meant that despite a strict schedule being 

followed, human behavior may have affected the outcome. Particularly crucial in this study 

was pipetting technology, while small volumes were used, potential errors could result in 

great effects. During the laboratory work sterile instruments (pipette tips and gloves) were 

used, despite this contamination cannot be fully excluded. 

 

All samples for PCR analysis were performed in a double set, however, a difference in the 

amount of detected bacterial DNA corresponding a bacterial amount varying from 0 to 2.8 x 

104 cells were seen between the two samples and therefore an average was calculated and 

reported as a result. In order to reduce the outcome of possible errors as a consequence of 

human handling, a larger number of samples could have been analyzed for each individual 

test. 

 

Seventy-five percent of the teeth showing persistent bacteria at obturation was assessed as 

healed at follow up, this is a slightly higher successes rate than reported from Sjögren 

(Sjögren et al., 1997).  However, the results must be considered as very unsure due to the 

small sample size in the present study. It should also be noted that in all teeth infected at 

obturation, less than 150 bacterial cells were detected. In previous studies, it has been shown 

that the culturing results is relevant only at a bacterial amount greater than 102 (Peters and 

Wesselink 2002). If the bacterial number is lower, the endodontic treatment can still be 

successful (i.e. healing can still be seen). This is consistent with the results of the present 

study where three of the four teeth with viable bacteria at obturation healed.  

 

One factor that may have affected this study were the loss of patients due to various reasons, 

such as relocation to other places, decease and absence. However, this can be considered to be 

of minor importance since the result was equal for the majority of the patients. On the other 

hand, the study population was small with only 24 teeth included. This meant that every result 

had a great impact on the final result and could possibly distort the reliability of the statistical 

analysis. 
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As earlier stated no correlation between healing and bacterial numbers according to PCR 

analysis prior to obturation could be noted. However due to sampling size and methodological 

factors it is possible to suspect a significant error margin. This leads to the conclusion that 

further studies are needed to fully understand if PCR can be used as an effective analytical 

method to predict treatment outcome by sampling bacterial prior to obturation. Nevertheless, 

this study indicates that PCR cannot replace culturing technique in this matter. 
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Table 1-  

Bacterial analyzes 

Patient IC-ODL IC-PCR EC-ODL EC-PCR Healing after 4 years  

Patient 1 4720 304567 0 7600 Yes 

Patient 2 17100 62167 0 5333 Yes 

Patient 3 0 675133 0 5100 Yes 

Patient 4 8100 79133 0 7933 Yes 

Patient 5 162000 1990967 0 5700 Yes 

Patient 6 0 6633 0 6600 Yes 

Patient 7 500000 1661833 45 5033 Yes 

Patient 8 45 11900 0 10867 Yes 

Patient 9 0 15100 0 12200 Yes 

Patient 10 1500 875233 100 8433 No 

Patient 11 460000 1780333 0 16433 Yes 

Patient 12 40 105633 0 14500 Yes 

Patient 13 14600 723200 0 11600 Yes 

Patient 14 0 22500 0 18500 Yes 

Patient 15 0 11733 0 24367 Yes 

Patient 16 0 14867 0 10067 Yes 

Patient 17 220000 654800 0 16667 No 

Patient 18 82000 1752900 0 16033 Yes 

Patient 19 42000 75900 0 15433 No 

Patient 20 4000 1391033 145 18833 Yes 

Patient 21 200000 4641633 5 20467 Yes 

Patient 22 30000 1301367 0 16133 Yes 

Patient 23 

 

7270 

  

 

5835867 

  

0 

 

11200 

  

Yes 

Patient 24 1440 703967 0 6100 Yes 
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Table 1: Amount of bacterial DNA detected in 24 canals by culturing technique and by qPCR 

at two different occasions. IC- ODL; bacterial sample taken directly after access cavity was 

made analyzed by culturing technique. IC-PCR: bacterial sample taken directly after access 

cavity was made analyzed by qPCR. EC-ODL: bacterial sample taken after the canals were 

treated, cleaned with antimicrobial substances and left empty for two weeks, analyzed by 

culturing technique. EC-PCR: bacterial sample taken after the canals were treated, cleaned 

with antimicrobial substances and left empty for two weeks, analyzed by qPCR. 
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Table 2 

 Table 2 Difference in bacterial amount according to PCR 

at time for root filling between healed and non-healed cases 

Individuals Numbers Mean Median 95% CI Min-Max SD 

Healed 21 11933 11200 9321-14546 5033- 24367 5739 

Non healed 3 13511 15433 2480-24542 8433-16667 4441 

 

Table 2: Mean and median amount of detected bacterial DNA in 24 canals by qPCR before 

root filling (EC-PCR). 
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