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 aBstract | Aim: The aim of this clinical study was to quantify the concentration of DNA and to detect selected bacterial species from samples of 

infected root-fi lled teeth with post-treatment apical periodontitis after removal of gutta-percha (S1), after chemo-mechanical prepa-

ration at the fi rst appointment (S2), 5 days after the canal was fi lled with sterile physiological solution (S3), after reinstrumentation 

at the second appointment (S4), and 14 days after an intracanal dressing was placed at the third appointment (S5). Methods: Fifteen 

root-fi lled teeth were selected. Removal of gutta-percha was performed using the crown-down technique. Chemo-mechanical prepara-

tion was performed with hand fi les associated with 2% chlorhexidine gel. An intracanal dressing based on Ca(OH)2 was used. DNA was 

extracted from the samples and 14 endodontic 16S rDNA species-specifi c primers were tested. The concentration of DNA was quanti-

fi ed using a NanoDropTM 2000 spectrophotometer. Results: Bacteria were present in all cases at all sampling times, as revealed by a 

universal primer. DNA was isolated from all samples, with an average concentration of 4.24 ± 2.9 ng/µL (S1), 3.39 ± 1.54 ng/µL (S2), 

4.0 ± 1.94 ng/µL (S3), 2.66 ± 0.98 ng/µL (S4) and 3.97 ± 2.32 ng/µL (S5). Parvimonas micra and Enterococcus faecalis (S1), P. micra 

(S2), Porphyromonas endodontalis and E. faecalis (S3), E. faecalis and Prevotella nigrescens (S4/S5) were the species most frequently 

deteced. DNA concentration reductions were detected between S3 and S4 (p = 0.0256), whereas an increase was found between S4 and 

S5. Conclusion: A wide variety of bacterial species was detected in root-fi lled teeth with post-treatment apical periodontitis. Moreover, 

the use of an intracanal dressing was unable to further reduce the concentration of bacterial DNA. 

 descrIPtors |  Endodontics; Treatment Failure; Periapical Periodontitis; Bacteria; Polymerase Chain Reaction; DNA; Chlorhexidine.

 resuMo | Identifi cação de patógenos endodônticos por PCR e quantifi cação de DNA em amostras extraídas de dentes com periodontite apical pós-
tratamento • Objetivo: O objetivo deste estudo clínico foi quantifi car a concentração de DNA e detectar algumas espécies bacterianas de amostras de 

dentes tratados endodonticamente com periodontite apical após a remoção da guta-percha (S1), após o preparo químico-mecânico na primeira sessão (S2), 5 

dias após o preenchimento do canal com solução fi siológica estéril (S3), após reinstrumentação na segunda sessão (S4), e 14 dias após a inserção da medica-

ção intracanal na terceira sessão (S5). Métodos: Quinze dentes tratados endodonticamente foram selecionados. A remoção da guta-percha foi realizada por 

meio da técnica coroa-ápice. Utilizaram-se limas manuais associadas à clorexidina gel a 2% durante o preparo químico-mecânico. A medicação intracanal 

selecionada foi à base de hidróxido de cálcio. DNA foi isolado das amostras e foram investigadas 14 espécies bacterianas (primer espécie-específi co16S 

rDNA). A concentração de DNA foi quantifi cada utilizando o espectrofotômetro NanoDropTM 2000. Resultados: Em todos os casos foram detectadas bactéri-

as, como revelado por meio do primer universal. DNA foi isolado de todas as amostras, com uma concentração média de 4,24 ± 2,9 ng/µL (S1), 3,39 ± 1,54 ng/

µL (S2), 4,0 ± 1,94 ng/µL (S3), 2,66 ± 0,98 ng/µL (S4) e 3,97 ± 2,32 ng/µL (S5). Parvimonas micra e Enterococcus faecalis (S1), P. micra (S2), Porphyromo-

nas endodontalis e E. faecalis (S3), E. faecalis e Prevotella nigrescens (S4/S5) foram as espécies mais frequentemente detectadas. A concentração de DNA 

diminuiu entre S3 e S4 (p = 0,0256), ao passo que um aumento foi observado entre S4 e S5. Conclusão: Uma ampla variedade de espécies bacterianas foi 

detectada em canais radiculares de dentes tratados endodonticamente com periodontite apical. Além disso, o uso da medicação intracanal não potencializou 

a redução da concentração de DNA bacteriano. 
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IntroductIon
Failure of endodontic treatment is acknowl-

edged to be the continuing presence of bacteria 

within the root canal system, even in well-treated 

teeth.1 Endodontic treatment failure that is attrib-

utable to remaining microorganisms will only oc-

cur if these microorganisms possess pathogenicity, 

reach sufficient numbers, and gain access to the 

periradicular tissues to induce or maintain perira-

dicular disease.1

In most cases where endodontic treatment 

fails, failure is the result of treatment procedures 

not having met a satisfactory standard for control 

and elimination of infection.2 Modern endodontic 

treatment procedures aim to eliminate microor-

ganisms during root canal preparation and disin-

fection. Follow-up studies examining the outcome 

of endodontic therapy revealed a very high success 

rate when a negative bacterial culture was a pre-

requisite before root filling,3 although there is clear 

evidence that a negative culture does not correlate 

with a bacteria-free root canal system.4

Most clinical trials evaluating the antibacterial 

effectiveness of intracanal procedures and the bac-

terial species persisting after treatment have been 

based on traditional culture-dependent methods.5-7 

Recent molecular biology studies have suggested 

that the microbiota in root-canal-treated teeth with 

apical periodontitis is more complex than previ-

ously shown by culture-dependent methods.4,8 Bac-

teria have been detected in almost all treated canal 

associated with persistent disease and a higher 

mean number of taxa per case has been observed.8,9

Essentially, endodontic infections are treated 

by chemo-mechanical preparation supplemented 

or not by an interappointment intracanal medica-

tion. Although a substantial reduction in intraca-

nal microbial communities is usually reached after 

chemo-mechanical procedures with antimicrobial 

irrigants, it has been shown that predictable disin-

fection in most cases can only be achieved after an 

interappointment intracanal medication.6-7 Calcium 

hydroxide is arguably the most used substance be-

tween treatment sessions, but studies have shown 

inconsistent results as to its efficacy in significantly 

enhancing disinfection.6-7,10 Then intracanal dress-

ing was used to test if the concentration of DNA 

and bacterial species that might have survived after 

chemo-mechanical preparation would decrease.

The aim of this clinical study was to quantify 

the total concentration of DNA and to detect bac-

terial species from samples of infected root-filled 

teeth with post-treatment apical periodontitis af-

ter removal of the gutta-percha (S1), after chemo-

mechanical preparation with 2% chlorhexidine 

(CHX) gel in the first appointment (S2), 5 days after 

the canal was filled with sterile physiological so-

lution (S3), after reinstrumentation in the second 

appointment (S4), and 14 days after an intracanal 

dressing was placed in the third appointment (S5).

MaterIal and Methods
Patient selection

Fifteen patients were selected from those who 

attended the Piracicaba Dental School, SP, Brazil, 

with a need for nonsurgical endodontic retreat-

ment. The Human Volunteers Research and Eth-

ics Committee of the Piracicaba Dental School 

approved a protocol describing the specimen col-

lection for this investigation, and all patients 

signed an informed consent to participate. A de-

tailed medical and dental history was obtained 

from each patient. Patients who had received anti-

biotic treatment during the last 3 months or had a 

general disease were excluded from the study. The 

age of the patients ranged from 19 to 65 years. All 

of the selected teeth were single-rooted. The teeth 

had been previously root-filled and showed radio-

graphic evidence of apical periodontitis. Failure of 

the root canal treatment was determined on the 

basis of clinical and radiographic examinations. 

All teeth had been endodontically treated and filled 
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First appointment
The root filling was removed using Gates-Glid-

den drills (Dentsply Maillefer, Ballaigues, Switzer-

land) of sizes 5 (1.3 mm), 4 (1.1 mm), 3 (0.9 mm) 

and 2 (0.7 mm) up to 6 mm shorter than the work-

ing length. Irrigation with sterile physiological so-

lution was performed in order to remove any re-

maining materials and to moisten the canal prior 

to sample collection. A K-file of size #15 (Dentsply 

Maillefer, Ballaigues, Switzerland) was inserted 

to the full length of the root canal calculated from 

the pre-operative radiograph. This file was inserted 

to full length until canal patency was confirmed. 

Working length (at the apical foramen) was con-

firmed by an apical locator (Novapex, Forum Tech-

nologies, Rishon le-Zion, Israel). After removal of 

the gutta-percha with hand files, the first sample 

was taken with three paper points, which were then 

pooled in VMGA III. The apical preparation was 

performed using K-files ranging from size #40 to 

#45 followed by step-back instrumentation, which 

ended after the use of three files larger than the last 

file used for the apical preparation.

All root canals were irrigated with a syringe 

(27-gauge needle) containing 1 mL of the chemi-

cal auxiliary substance (2% CHX gel; Endogel, Ita-

petininga, SP, Brazil) before the use of each instru-

ment and immediately rinsed afterwards with 4 mL 

of sterile physiological solution. The CHX gel con-

sisted of a gel base (1% natrosol) and CHX gluco-

nate at pH 7.0. Natrosol gel (hydroxyethyl cellulose) 

is a nonionic, highly inert and water-soluble agent. 

After the instrumentation, CHX activity was inacti-

vated with 5 mL of a solution containing 5% Tween 

80 and 0.07% (w/v) lecithin during a 1-minute pe-

riod, which was removed with 5 mL of sterile physi-

ological solution. Retreatment was deemed complete 

when the last file reached the working length, there 

was no filling material covering the instrument, and 

the canal walls were smooth and free of visible de-

bris. Furthermore, a close inspection was conducted 

more than 2 years previously, and the patients were 

asymptomatic. All teeth had enough crown struc-

ture for adequate isolation with a rubber dam, and 

had no periodontal pockets deeper than 4 mm.

Microbial sampling
The teeth were isolated with a rubber dam. The 

crown and the surrounding rubber dam were dis-

infected with 30% H2O2 (v/v) for 30 s followed by 

2.5% NaOCl for an additional 30 s. Subsequently, 

5% sodium thiosulphate was used to inactivate the 

disinfectant agents.11-12 A swab sample was taken 

from the surface and streaked on blood agar plates 

to test for disinfection. An access cavity was pre-

pared with sterile high-speed diamond burs un-

der irrigation with sterile physiological solution. 

Before entering the pulp chamber, the access cav-

ity was disinfected following the same protocol as 

above, and sterility was checked again by taking 

a swab sample of the cavity surface and streaking 

it onto blood agar plates. Aseptic techniques were 

used throughout root canal treatment and sample 

acquisition. The samples (pre- and post-clinical 

procedures) were collected with three sterile paper 

points, which were consecutively placed into each 

canal to the total length calculated from the pre-op-

erative radiograph, kept in place for 60 s and then 

pooled in a sterile tube containing 1 mL of VMGA 

III transport medium.11 The samples were immedi-

ately frozen at -20°C. 

clinical procedures
The same endodontic specialist performed all 

retreatments, intracanal dressing and sampling 

procedures. The tooth was anesthetized and, after 

accessing the pulp chamber, the root filling materi-

als were removed using the crown-down technique. 

No solvent was used at any time to avoid a negative 

effect on microbial viability. Buccolingual and me-

siodistal radiographs of each tooth were taken to 

confirm gutta-percha removal.
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with a dental operating microscope (DF Vasconcel-

los S/A, São Paulo, Brazil) under high magnification 

to confirm the complete removal of gutta-percha. 

After the root canal preparation had been com-

pleted, the canal was irrigated for 3 minutes with 

5 mL of 17% EDTA. Then, the root canal was rinsed 

with 5 mL of sterile physiological solution. Subse-

quently, the second (first chemo-mechanical) sam-

ple (S2) was taken with three paper points, which 

were pooled in VMGA III. The canal was then 

thoroughly rinsed with sterile physiological solu-

tion using a syringe (27-gauge needle). The access 

cavity was then temporized with cement to a thick-

ness of at least 2 mm (Coltosol, Coltène/Whaledent 

Inc., Cuyahoga Falls, OH, USA) and a second lay-

er of Filtek Z250 (3M ESPE, St. Paul, MN, USA) 

in combination with a single-bond adhesive (3M 

ESPE, St. Paul, MN, USA).

second appointment
Rubber dam isolation and access cavity proce-

dures were performed following the same protocol 

as described above. After access was obtained and 

coronal disinfection was performed, a third sam-

ple (S3) was taken with three paper points, which 

were pooled in VMGA III. Re-instrumentation was 

performed with the last file up to working length 

and following the same irrigation protocol. After 

this second chemo-mechanical preparation was 

performed, a fourth sample (S4) was taken with 

three paper points, pooled in VMGA III. An intra-

canal dressing with calcium hydroxide [Ca(OH)2] 

associated with 2% CHX gel was placed over the 

entire length of the prepared canal using lentulo 

spiral fillers. The paste was packed at the level of 

the canal entrance and a radiograph was taken to 

check for adequate placement (homogeneous filling 

throughout the entire extent of the prepared canal). 

The access cavity was then temporized with tempo-

rary cement to a thickness of at least 2 mm (Colto-

sol, Coltène/Whaledent Inc., Cuyahoga Falls, OH, 

USA) and a second layer of Filtek Z250 (3M ESPE, 

St. Paul, MN, USA) in combination with a single-

bond adhesive (3M ESPE, St. Paul, MN, USA).

third appointment
The third appointment was scheduled for 14 days 

later. At this time, the tooth was isolated with a rub-

ber dam, the operative field was disinfected, as pre-

viously described for the first visit, and a control bac-

teriological sample was obtained from the operating 

field. The composite restoration and temporary ce-

ment were removed with a sterile high-speed carbide 

bur and the canal was irrigated with sterile physi-

ological solution. The canal walls were cleaned with 

a hand K-file one size greater than that of the master 

apical file, and irrigated with 5 mL of sterile physio-

logical solution, dried with paper points, and irrigat-

ed with 5 mL of a solution containing 5% Tween 80 

and 0.07% (w/v) lecithin during a 1-minute period to 

inactivate the CHX. After removal of the intracanal 

dressing, a fifth sample (S5) was taken with three pa-

per points, which were pooled in VMGA III.

Finally, all teeth were filled using vertical and 

lateral compaction of the gutta-percha cones 

(Konne, Belo Horizonte, MG, Brazil) and with 

Endomethasone sealer (Septodont, Saint-Maur-

des-Fossés, France). The access cavities were re-

stored with a 2 mm layer of Coltosol (Coltène 

Whaledent, Cuyahoga Falls, OH, USA) and Filtek 

Z250 (3M Dental Products, St Paul, MN, USA).

dna extraction
Microbial DNA from samples of all stages of 

endodontic retreatment (S1, S2, S3, S4, S5), from 

the control sample as well as from ATCC bacteria 

were extracted and purified by using the QIAamp 

DNA Mini Kit (Qiagen, Hilden, Germany) accord-

ing to the manufacturer’s instructions. 

DNA quantification
The extracted DNA samples were quantified by 
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using a NanoDrop spectrophotometer (Thermo Sci-

entific NanoDropTM 2000/2000c, Wilmington, DE, 

USA). A blank sample was established using AE 

buffer AE (Elution buffer; Qiagen, Hilden, Germa-

ny). Each sample (1.5 µL) was placed sequentially 

in the spectrophotometer. The DNA concentration 

was calculated from the 260 nm absorbance value 

for each replicate using the DNA-50 settings. The 

software automatically calculated the DNA concen-

tration in ng/µL.

Bacterial detection (polymerase chain 
reaction - Pcr 16s rdna)

The reference bacteria strains used in this study 

were purchased from the American Type Culture 

Collection (ATCC) and are listed as follows: 

• Aggregatibacter actinomycetemcomitans 

(ATCC 43718), 

• Enterococcus faecalis (ATCC 4034), 

• Filifactor alocis (ATCC 35896), 

• Fusobacterium nucleatum (ATCC 25586), 

• Gemella morbillorum (ATCC 27824), 

• Parvimonas micra (ATCC 33270), 

• Porphyromonas endodontalis (ATCC 35406), 

• Porphyromonas gingivalis (ATCC 33277), 

• Prevotella intermedia (ATCC 25611), 

• Prevotella nigrescens (ATCC 33536), 

• Prevotella tannerae (ATCC 51259), 

• Tannerella forsythia (ATCC 43037), 

• Treponema denticola (ATCC 35405) and 

• Treponema socranskii (ATCC 35536).

Pcr assay
The PCR reaction was performed in a thermocy-

ler (My-Cycler; Bio-Rad, Hercules, CA, USA) with a 

total volume of 25 µL containing 2.5 µL of 10× Taq 

buffer (1×; MBI Fermentas, Mundolsheim, France), 

0.5 µL of dNTP mix (25 µmol/L of each deoxyribo-

nucleoside triphosphate – dATP, dCTP, dGTP, and 

dTTP; MBI Fermentas, Hanover, MD, USA), 1.25 µL 

of 25 mmol/L MgCl2, 0.25 µL of forward and rever-

sal universal primers (0.2 µmol/L; Invitrogen, Eu-

gene, OR, USA), 1.5 µL of sample DNA (1 µg/50 µL), 

1.5 µL of Taq DNA polymerase (1 U; MBI Fermen-

tas), and 17.25 µL of nuclease-free water. The prim-

er sequences and PCR cycling parameters were pre-

viously optimized12 and are listed in Table 1.

statistical analysis
The concentration of DNA from each treatment 

step was calculated based on quantitative data ob-

tained from samples S1, S2, S3, S4 and S5. Quanti-

tative data were statistically analyzed for differenc-

es by using the Mann-Whitney U test comparing 

pairs of groups. The significance level was always 

set at 5% (p < 0.05).

results
DNA quantification

DNA was isolated from all samples, with an 

average concentration of 4.24 ± 2.9 ng/µL (S1), 

3.39 ± 1.54 ng/µL (S2), 4.0 ± 1.94 ng/µL (S3), 

2.66 ± 0.98 ng/µL (S4) and 3.97 ± 2.32 ng/µL (S5; 

Table 2). The highest DNA amount was found in 

the initial samples (S1). No significant statistical 

difference was detected between the DNA con-

centration of samples S1 and S2 (Mann-Whitney 

test, p = 0.3937); S2 and S3 (Mann-Whitney test, 

p = 0.1548); and S1 and S5 (Mann-Whitney test, 

p = 0.4017). However, a statistically significant 

reduction in DNA concentration from S3 to S4 

(Mann-Whitney test, p = 0.0256) and an increase 

from S4 to S5 (Mann-Whitney test, p = 0.0445) 

were detected.

overview of microbial composition by 16s 
rdna Pcr

Bacteria were present in all samples (S1, S2, S3, 

S4, S5), confirming the infectious etiology of post-

treatment disease after PCR amplification using 

broad-range 16S rDNA gene primers.

The bacteria recovered by species-specific 
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Table 1 | PCR primer pairs and cycling parameters used for detection of bacterial species in samples from root-filled teeth with post-
treatment apical periodontitis.

Target bacteria Primer pairs (5’–3’) Amplicon 
size Cycles

Universal (16S rDNA) Forward: TCC TAC GGG AGG CAG CAG T
Reverse: GGA CTA CCA GGG TAT CTA ATC CTG TT

466 bp Initial denaturation at 95°C for 10 min and 40 
cycles of 95°C for 10 s, 60°C for 10 s, and a final 
extension step at 72°C for 25 s

Actinobacillus 
actinomycetemcomitans

Forward:AAA CCC ATC TCT GAG TTC TTC TTC
Reverse: ATG CCA ACT TGA CGT TAA AT

557 bp Initial denaturation at 94°C for 30 s and 36 cycles 
of 95°C for 30 s, 55°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Prevotella  
intemedia

Forward: TTT GTT GGG GAG TAA AGC GGG
Reverse: TCA ACA TCT CTG TAT CCT GCG T

575 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 58°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Prevotella  
nigrescens

Forward: ATG AAA CAA AGG TTT TCC GGT AAG
Reverse: CCC ACG TCT CTG TGG GCT GCG A

804 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 58°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Tannerella  
forsythia

Forward: GCG TAT GTA ACC TGC CCG CA
Reverse: TGC TTC AGT GTC AGT TAT ACC T

641 bp Initial denaturation at 95°C for 1 min and 36 cycles 
of 95°C for 30 s, 60°C for 1 min, 72°C for 1 min, 
and a final extension step at 72°C for 2 min

Prevotella  
tannerae

Forward: CTT AGC TTG CTA AGT ATG CCG
Reverse: CAG CTG ACT TAT ACT CCC G

550 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 55°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Treponema  
denticola

Forward: TAA TAC CGA ATG TGC TCA TTT ACA T
Reverse: TCAAAGAAGCAT TCC CTC TTC TTC TTA

316 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 60°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Treponema  
socranskii

Forward: GAT CAC TGTATA CGGAAGGTAGACA
Reverse: TAC ACT TAT TCC TCG GAC AG

288 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 56°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Enterococcus  
faecalis

F: CCG AGT GCT TGC ACT CAA TTG G
R: CTC TTA TGC CAT GCG GCA TAA AC

138 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 95°C for 1 min, 57°C for 1 min, 72°C for 1 min, 
and a final extension step at 72°C for 7 min

Filifactor  
alocis

F: CAG GTG GTT TAA CAA GTT AGT GG
R: CTA AGT TGT CCT TAG CTG TCT CG

594 bp Initial denaturation at 95°C for 2 min and 26 cycles 
of 95°C for 30 s, 58°C for 1 min, 72°C for 1 min, 
and a final extension step at 72°C for 2 min

Fusobacterium 
nucleatum

F: AGT AGC ACA AGG GAG ATG TAT G
R: CAA GAA CTA CAA TAG AAC CTG A

1000 bp Initial denaturation at 95°C for 5 min and 30 cycles 
of 94°C for 30 s, 40°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Gemella  
morbillorum

F: GAC TAC CAG GGT ATC TAA TCC
R: TAT GAG GTT GGC TGA CTC TCG

781 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 52°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Parvimonas  
micra

F: AGA GTT TGA TCC TGG CTC AG
R: ATA TCA TGC GAT TCT GTG GTC TC

207 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 60°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Porphyromonas 
endodontalis

F: GCT GCA GCT CAA CTG TAG TC
R: CCG CTT CAT GTC ACC ATG TC

672 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 58°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 10 min

Porphyromonas 
gingivalis

F: AGG CAG CTT GCC ATA CTG CG
R: ACT GTT AGC AAC TAC CGA TGT

404 bp Initial denaturation at 95°C for 2 min and 36 cycles 
of 94°C for 30 s, 60°C for 1 min, 72°C for 2 min, 
and a final extension step at 72°C for 2 min

PCR: polymerase chain reaction
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primer 16S rDNA after removal of the gutta-percha 

(S1), after the first chemo-mechanical preparation 

(S2), 5 days after the canal was filled with sterile 

physiological solution (S3), after re-instrumenta-

tion (S4), and 14 days after the intracanal dress-

ing was placed (S5) are shown in Table 3. At S1, 

the most prevalent taxon was Parvimonas micra 

(10 cases), followed by Enterococcus faecalis (6 

cases) and Prevotella nigrescens (4 cases). After 

the first chemo-mechanical preparation (S2), the 

most prevalent taxon was Parvimonas micra (7 

cases), followed by Enterococcus faecalis (2 cases). 

The most prevalent taxon at S3 was Porphyromo-

nas endodontalis (8 cases) followed by Enterococ-

cus faecalis (5 cases) and Prevotella nigrescens 

(5 cases). After re-instrumentation (S4), the most 

prevalent taxons were Prevotela nigrescens (6 cas-

es) and Enterococcus faecalis (6 cases). At S5, the 

most prevalent taxon was Enterococcus faecalis (7 

cases). The higher the concentration of DNA, the 

higher the number of bacterial species detected by 

16S rDNA PCR in each step (Table 2).

dIscussIon
The DNA concentration in samples from root-

filled canals with periapical lesions was monitored 

at five time-points after endodontic procedures. 

Many studies have shown that microorganisms are 

the major causative agents of endodontic therapy 

failure; in contrast, to date no study has monitored 

the individual concentration of total DNA after gut-

ta-percha removal, chemo-mechanical preparation 

and intracanal medication. Residual DNA may con-

tribute to disease progression and/or maintenance. 

Furthermore, properties that enable bacteria to 

persist after therapy include resistance to disinfec-

tion by chemo-mechanical and intracanal medica-

tion procedures, and the ability to enter a viable but 

nonculturable (VBNC) state in response to stress.13

In the present study, DNA was measured using 

the NanoDrop system. It is a full-spectrum spec-

Table 2 | Bacterial frequency for 14 selected target species-specific primers and DNA concentration (ng/µL) in samples from root-filled teeth 
with apical periodontitis. Initial sample (S1), after first chemo-mechanical preparation (S2), 5 days after the canal was filled with sterile physi-
ological solution (S3), after second chemo-mechanical preparation (S4), and 14 days after placement of intracanal dressing (S5).

S1 S2 S3 S4 S5

Number of positive samples 31 15 31 20 32

DNA concentration (mean ± SD) 4.24 ± 2.9 3.39 ± 1.54 4.0 ± 1.94 a 2.66 ± 0.98 b,A 3.97 ± 2.32 B

Different lower letters (a,b) indicate a significant difference (Mann-Whitney test, p < 0.05). Different capital letters (A,B) indicate a significant difference 
(Mann-Whitney test, p < 0.05). 

Table 3 | Frequency of positive samples for selected species in 
initial sample (S1), after first chemo-mechanical preparation (S2), 
5 days after the canal was filled with sterile physiological solution 
(S3), after second chemo-mechanical preparation (S4), and 14 
days after placement of intracanal dressing (S5).

Target species
Time of sample collection

S1 S2 S3 S4 S5

Fusobacterium nucleatum 1 0 4 3 4

Prevotella intermedia 2 0 0 2 2

Prevotella nigrescens 4 0 5 6 6

Prevotella tannerae 1 2 1 0 0

Enterococcus faecalis 6 2 5 6 7

Gemella morbillorum 3 0 4 1 6

Treponema denticola 1 0 0 0 0

Treponema socranskii 1 0 1 0 0

Porphyromonas endodontalis 0 2 8 1 3

Porphyromonas gingivalis 0 0 1 0 0

Filifactor alocis 0 0 1 0 0

Parvimonas micra 10 7 0 1 1

Tannerella forsythia 2 1 1 0 1

Actinobacillus 
actinomycetemcomitans 0 1 0 0 2

Total 31 15 31 20 32
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trophotometer for measuring the absorbance of 

DNA, RNA, protein, and dye, and it functions by 

combining fiber optic technology and natural sur-

face tension properties for capture. The system em-

ploys shorter wavelengths, which result in a broad 

range of nucleic acid concentration measurements, 

essentially eliminating the need to perform dilu-

tions. Moreover, molecular genetic studies hold the 

promise of identifying genetic factors that influence 

human disease susceptibility and outcome.14 The 

accuracy and precision of DNA quantification are 

critical factors for efficient use of DNA samples in 

high-throughput genotype and sequence analyses.

Analysis of the endodontic microbiota is still fo-

cused on the detection and identification of bacte-

ria using different methods, including culture15 and 

PCR4,8 techniques. PCR 16S rDNA assays represent 

the most sensitive method applied to the study of 

endodontic bacteria.16 This technique can read-

ily identify slow growing or uncultivable strains.17 

Among many potential amplification sites, 16S 

rDNA genes appear to be the most useful target of 

PCR 16S rDNA genes, are present in every bacteri-

um and are highly conserved within a species.18 It is 

noteworthy that all examined samples at the differ-

ent timepoints contained bacterial DNA. These ad-

vantages of molecular methods also help to explain 

why bacteria were detected in all treated cases with 

post-treatment disease in this and other studies,8-9 

whereas culture studies have found bacteria in 44% 

to 85% of the cases.8,15,19,20 For the present study, we 

used the PCR (16S rDNA) assay, which has the po-

tential to offer more detailed insights into complex 

bacterial communities.21 Furthermore, it seems in-

teresting to evaluate the effects of endodontic pro-

cedures against these microorganisms, in case they 

are still present after root canal filling removal (S1), 

after the first chemo-mechanical preparation in the 

first appointment (S2), 5 days after the canal was 

filled with sterile physiological solution (S3), af-

ter re-instrumentation in the second appointment 

(S4), and 14 days after the intracanal dressing was 

placed in the third appointment (S5). 

Our findings were confirmed by amplification 

with 16S rDNA universal primers, which generated 

the predicted amplicon for all samples (S1, S2, S3, 

S4, S5) from root-filled teeth with apical periodon-

titis. This assertion lends strong support to the 

claim that persistent intraradicular infection is the 

major factor associated with endodontic therapy 

failure.3,8 On the other hand, it should be consid-

ered that not only the presence of the bacteria is an 

important factor for development or maintenance 

of disease, but also the population size.22 Diagnos-

tic methods using DNA-based tools allow the iden-

tification of viable but noncultivable cells that are 

metabolically active, but not dividing.16 It is worth 

pointing out that the ability to detect DNA from 

dead cells poses a major problem when one is in-

vestigating the immediate effectiveness of antibac-

terial treatment because DNA from cells that have 

recently died can still be detected.21 The possibility 

exists that DNA from dead cells may have been de-

stroyed by the effects of the substances used during 

treatment.23 Hydroxyl ions from calcium hydrox-

ide also have oxidative damaging effects on DNA,23 

and may have contributed to the degradation of 

free DNA from dead cells. Failure to detect mi-

croorganisms does not necessarily mean that they 

are absent. Given the difficulties in taking samples 

from root-filled teeth, it is possible that many mi-

croorganisms can escape detection, particularly 

when they number below the detection rate of the 

identification method.8 The PCR method used in 

this study only detects targeted microbial species. 

However, it is possible that species other than those 

studied could have been present in the examined 

teeth.

This molecular study also evaluated the reduc-

tion in bacterial DNA concentration promoted by 

intracanal disinfection procedures, and identified 

the 14 taxa persisting after each step. At S1, Par-
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vimonas micra was the most frequent anaerobic 

species detected by PCR24,25 followed by Enterococ-

cus faecalis. The ecological niche of Parvimonas 

micra could be related to its wide range of pepti-

dase activities, making amino acids and peptides 

available from serum glycoproteins.26

The present results also revealed the occur-

rence of some gram-negative bacteria after clinical 

procedures. Post-treatment apical periodontitis is 

almost always associated with intraradicular poly-

microbial infection.8,25 Porphyromonas endodon-

talis and Parvimonas micra are also considered as 

typical bacteria involved in endodontic infection.25 

Tannerella forsythia, Porphyromonas gingivalis, 

Treponema denticola,27 Fusobacterium nuclea-

tum and P. gingivalis28 have also been described 

as common endodontic bacterial pathogens. These 

gram-negative bacteria, which are common mem-

bers of primary intraradicular infections, are usu-

ally eliminated following treatment, though studies 

have reported that some anaerobic rods, such as F. 

nucleatum and Prevotella species, are among the 

most common species found in post-instrumenta-

tion samples.3,4,10 At S1, many studies have detected 

gram-negative bacteria in root-filled teeth using 

PCR;8,24,25 however, monitoring this species after 

clinical procedures is a necessity. The finding that 

several gram-negative species were found in sam-

ples (S2, S3, S4, and S5) might also indicate that 

bacterial persistence can be related to factors other 

than the intrinsic resistance to treatment proce-

dures and substances by a specific taxon.

After endodontic procedures (S3, S4, and S5), 

Enterococcus faecalis was a species frequently de-

tected. This species can colonize filled root canals 

and may be involved in endodontic failures.8 It can 

survive in an environment in which there are scant 

available nutrients and in which commensality with 

other bacteria is minimal.22 These bacteria, in par-

ticular E. faecalis, may also survive in the smear lay-

er and other debris inside the root canal, and may 

be extremely difficult to remove by irrigation and 

instrumentation.29 E. faecalis was found in a range 

of 0%–77% and is the predominant species in most 

of the studies of secondary infection.8,15,24,30 In only 

three studies was E. faecalis not detected in per-

sistent apical periodontitis.4 Employing real-time 

PCR, E. faecalis was found to be three times more 

prevalent in refractory than in primary endodontic 

infections.31 E. faecalis has already been previously 

found to endure endodontic treatment procedures 

in cases with necrotic pulp.32 This finding is in line 

with studies showing that gram-positive bacteria 

might be more resistant to treatment procedures.10 

E. faecalis has been shown to have the ability to in-

vade dentinal tubules33 and adhere to collagen in 

the presence of human serum,34 which can allow it 

to resist chemo-mechanical preparation. Clearly, 

more effective methodologies for disinfection must 

be established to eradicate this pathogen in the 

course of endodontic treatment.

The present study confirms that E. faecalis is 

resistant to endodontic procedures. At S2 and S4, 

this species could be detected after the chemo-

mechanical preparation using 2% CHX gel, and, at 

S5, it could still be detected after using the combi-

nation of Ca(OH)2 with 2% CHX gel for 14 days as 

intracanal dressing. Moreover, this species is re-

sistant to calcium hydroxide,35 a commonly used 

intracanal medicament. Combinations of Ca(OH)2 

with CHX22 are used to enhance antimicrobial 

properties. All of these factors help to explain why 

E. faecalis is so prevalent in patients in whom end-

odontic treatment has failed. 

When S3 and S4 were compared, there was a 

statistically significant reduction in DNA concen-

tration after the second chemo-mechanical prepa-

ration. This corroborates the findings of several 

other studies5,32 in which bacterial levels and the 

number of taxa were substantially reduced after 

chemo-mechanical preparation. During the treat-

ment of infected root canals, two steps assume spe-
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cial relevance with regard to bacterial elimination: 

• the chemo-mechanical preparation and 

• the interappointment dressing. 

Studies have revealed that the chemo-mechani-

cal preparation is not sufficient to predictably ren-

der root canals bacteria-free, with about 40%–50% 

of the prepared canals still containing cultivable 

bacteria.5,6 To overcome the limitations of chemo-

mechanical procedures in disinfecting the entire 

root canal system, the use of an inter-appointment 

medication has been advocated.6,7 However, in the 

present study intracanal dressing was not able to 

eliminate or reduce the target species investigated 

and did not reduce DNA concentration when com-

pared with the initial sample. The present results are 

in clear agreement with those of Blome et al.25 They 

observed that a Ca(OH)2 intracanal dressing placed 

for 14 days failed to achieve a further reduction of 

total bacterial counts when compared to the val-

ues observed immediately after chemo-mechanical 

preparation.25 Moreover, this is also in agreement 

with the findings of Sakamoto et al.,17 who found no 

significant difference between post-instrumentation 

samples and the samples collected after placement 

of the Ca(OH)2 dressing, although these findings 

were associated with necrotic pulp tissue. The need 

for intracanal dressings is recognized especially in 

those cases where endodontic therapy cannot be 

successfully completed because of the presence of 

pain, constant exudation and lack of time.

conclusIon
A wide variety of bacterial species was detected 

in root-filled teeth with post-treatment apical peri-

odontitis. Moreover, the use of an intracanal dress-

ing was unable to further reduce the concentration 

of bacterial DNA. 
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