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Introduction
It is well documented that microbial flora is the main 
cause of dental pulp necrosis and apical periodontitis 
(AP).1 Pre-obturation bacterial elimination from root 
canal system significantly affects healing of human AP. 
Accordingly, negative and positive cultures prior to root 
canal filling met with 94% and 68% treatment success 
(complete periapical healing), respectively.2 
Persistent  microorganisms play a significant role in 
endodontic failure of the majority of root-filled human 
teeth with therapy resistant periapical lesions.3 Contam-
ination with cultivable bacteria is reported in 40%-60% 
of instrumented canals following NaOCl syringe-needle 
irrigation.4  Regarding antimicrobial efficacy of routine 
chemo-mechanical endodontic procedures, it has been 
suggested to develop adjunctive strategies to target resid-
ual microbiota, for achieving higher healing rates in teeth 

with infected root canals.5 Reaching of the laser light into 
areas that would not have otherwise been accessed with 
traditional methods,6 and its antibacterial effects7-9 made 
high-power lasers promising in root canal disinfection. 
However, the risks of dentin charring, ankylosis, resorp-
tions, and necrosis of periradicular tissues were reported 
for high-power lasers.10 On the other hand, promising 
antibacterial results have been reported for photodynam-
ic therapy (PDT) in oral pathologic conditions such as 
periimplantitis,11 periodontal disease12 and dental carious 
lesions.13 PDT, first developed as a cancer therapy meth-
od, requires three basic elements: a nontoxic photosensi-
tizer/photoactivated substance, a light source, and tissue 
oxygen. Photosensitizer’s (PS’s) excitation with a suitable 
light source produces highly cytotoxic singlet oxygen, 
causing bacterial destruction.14,15 This bactericidal mech-
anism totally differs from that of high-power laser ther-
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Abstract
Introduction: Root canal therapy as a routine dental procedure has resulted in retention 
of millions of teeth that would otherwise be lost. Unfortunately, successful outcomes are 
not always achievable within initial endodontic treatments, and that necessitates further 
treatment. Nonsurgical retreatment is the first choice in most clinical situations. The aim of 
this clinical pilot study was to assess the effect of additional photodynamic therapy (PDT) 
on intraradicular bacterial load following retreatment of failed previously root treated teeth.
Methods: Thirty single-rooted/canalled endodontically treated matured teeth (in 27 healthy 
patients) accompanied by apical periodontitis (AP) were selected for this study. Standard 
protocol was followed for nonsurgical retreatment of each tooth. Microbiological samples 
were taken after establishment of apical patency, finished cleaning/shaping procedure, 
and PDT (665 nm, 1 W, 240 seconds). All samples were cultured for 72 hours and colony-
forming unit (CFU) was counted. McNemar test was used for statistical analysis of the data. 
The level of significance was set at 0.001.
Results: Routine cleaning and shaping resulted in twenty four negative (80%) out of 30 
cultures. Four additional negative results were obtained after additional PDT (93.3%). The 
addition of PDT to routine procedures significantly enhanced the number of bacteria-free 
samples (P < 0.001).
Conclusion: Regarding elimination of intraradicular microbiota, additional PDT may 
increase the effectiveness of conventional chemomechanical preparation in previously 
root filled teeth accompanied by AP. Well controlled randomized clinical trials should be 
planned for future. 
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mal effects (neodymium-doped yttrium aluminium gar-
net, Nd:YAG) and/or its strong water absorption proper-
ties (erbium-doped yttrium aluminium garnet, Er:YAG).8 
The evidence grade for whether lasers can be recommend-
ed as an adjunct to chemomechanical disinfection of in-
fected root canals is insufficient.16 Regarding one-session 
endodontic treatment, PDT (PS phenothiazine chloride 
and diode laser) showed moderate angiogenesis and fi-
brogenesis with the absence of inflammatory cells in the 
periapical region in dog teeth with AP.17 Another in vivo 
study reported the presence of collagen fibers and blood 
vessels and absence of inflammatory cells in specimens 
treated by PDT, compared with severe inflammation with 
edematous areas and fiber dissociation in one-session 
treatment18; the authors suggested that the PDT treated 
cases would probably exhibit a more evident repair pro-
cess, if a longer evaluation period was used. Enterococcus 
faecalis is the species most frequently associated with 
refractory AP.19,20 Although several studies reported ef-
fectiveness of PDT against E. faecalis,7,21-30 its efficacy in 
eliminating E. faecalis from infected root canals remained 
questionable and well-designed studies are needed to ex-
amine the role of PDT as a bactericidal agent in infected 
root canals.31 Based on current evidence, there is limited 
clinical information available on the use of PDT in root 
canal disinfection.32 
The aim of the present clinical study was to evaluate the 
antibacterial effect of additional PDT in failed previously 
treated teeth with AP.

Methods
For this study, 30 single-rooted/canalled endodontically 
treated matured teeth accompanied by AP were selected 
in 27 healthy patients. Teeth with intracanal posts, ra-
diographic well-performed root canal therapy, separated 
endodontic instruments, need for chemical solvent(s), 
inability to regain apical patency, and vertical root frac-
ture (VRF) suspicious circumstances, open apices, over-
extension of root canal filling materials were excluded. 
After giving clear explanation, written informed consent 
was obtained from all healthy participants. The presence 
of AP (2-5 mm) should have been evident in parallel 
pre-operative radiographs.

Clinical Procedures
All clinical procedures were performed by a senior 
post-graduate student of endodontics, department of 
endodontics, Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran. After one minute of use of 0.2% ch-
lorhexidine gluconate mouth rinse, local anaesthesia was 
administered and dental rubber dam was applied. Tooth 
surface disinfection was done using 2% chlorhexidine 
gluconate. Coronal restoration and caries (if any) were re-
moved with suitable high speed and low speed burs. After 
establishment of straight line access, root canal obturat-
ing materials were bypassed and removed with #15 to #25 
K-file (Mani, Japan). Apical patency was established using 
a #10 K-file. Subsequently, root canal was irrigated with 1 

mL sterile normal saline and dried out using three sterile 
paper points (Ariadent, Tehran, Iran). The paper points 
were used as first microbiologic sampling and combined 
for initial colony-forming unit (CFU) determination. The 
paper points were deposited in a sterile bottle with fresh 
Moller’s VMGA (viability medium Göteborg anaerobic) 
III transport medium. The first microbiological sam-
pling confirmed that none of the teeth were bacteria-free. 
Crown-down root canal preparation was performed with 
#3, and #2 gates glidden burs (Mani, Japan) and ProTaper 
Universal (Dentsply Maillefer, Ballaigues, Switzerland) 
rotary instruments (S2-F3) 1 mm short of radiographic 
apex. Between each instrument, the root canal was irri-
gated with 2.5% NaOCl as endodontic irrigant (10 mL in 
total). Smear layer was removed with 17% EDTA and 5 
mL of sterile saline was used to rinse off any antimicro-
bial agent residue. The canal was then dried with anoth-
er three paper points to form the second microbiological 
sampling. PS solution was delivered into the root canal 
(0.5 mL) using a 27 gauge needle, and left for 2 minutes. 
Diode laser irradiation was performed using a new fiber 
for each tooth (240 seconds and total energy of 9.6 J). 
After 10 mL sterile saline irrigation, another three sterile 
paper points were used for drying the root canal (third 
microbiological sampling). Root canal space was then lat-
erally obturated with AH 26 sealer (DENTSPLY Maille-
fer, Ballaigues, Switzerland) and gutta percha. All access 
cavities were temporarily sealed (Fuji II glass ionomer, 
GC America, Alsip, IL) and patients were referred to re-
storative department for placement of proper permanent 
coronal restoration.

Photosensitizer and Light Source
Methylene blue (MB) was used as PS because of its low 
molecular weight and cationic nature.33 MB targets 
both gram-negative and positive oral microbiota.34 In 
gram-negative bacteria, the dye passes across the outer 
membrane and interacts with lipopolysaccharide mole-
cule that produces MB dimmers participating in photo-
sensitization.35

50 mg/mL MB (Sigma, St. Louis, MO, USA) immediately 
filtered and sterilized was used. A diode laser unit (BW-
TEK Inc, Newark, DE) provided 665 nm light with an 
output power of 1 W. A power meter (Ophir Optronics 
LTD, Danvers, MA) was used for power quantification. A 
300 micron optical fiber was coupled to the unit for light 
delivery into the root canal. Apico-coronal spiral move-
ment of the fiber (4 times per minute) was performed for 
intracanal light diffusion. 

Microbiological Analyses
Culture method was used for microbial load assessment. 
However, no microbial identification was made during 
the procedure. The paper points were removed from the 
anaerobic transport medium (VMGA III), placed inside a 
1.5-mL microcentrifuge with brain-heart infusion (BHI) 
broth, and positioned in a vortex for 30 seconds on ar-
rival at microbiological facility. One hundred–microliter 
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aliquots were added to wells of a 96-well plate for seri-
al dilution and streaking on square BHI agar plates for 
CFU enumeration. The plates were placed inside a mi-
croaerophilic chamber with 5% oxygen, 15% carbon di-
oxide and 80% nitrogen, and incubated for 72 hours at 
37°C. At each stage of the clinical procedure (initial, after 
chemo-mechanical preparation and after PDT), the CFUs 
were counted. Survival fractions were calculated from 
each tooth taking into account its initial bacterial load. 
McNemar test was used for statistical analysis of the data. 
The level of significance was set at 0.001.

Results
In this study, microbiologic samples were obtained from 
thirty previously treated teeth with AP that should under-
go endodontic retreatment. Table 1 shows negative and 
positive cultures following conventional method, with 
and without PDT. Routine cleaning and shaping resulted 
in twenty four negative cultures (80%). Four addition-
al negative results were obtained after PDT application 
(93.3%). However, culture results remained positive even 
after PDT in two teeth. The addition of PDT to routine 
procedures significantly enhanced the number of bacte-
ria-free samples (P < 0.001).

Discussion
Even in root canal–treated teeth with recalcitrant lesions, 
the major cause of post treatment disease is a persistent 
or secondary intraradicular infection. This has been con-
firmed by studies investigating the microbiologic con-
ditions of root canals associated with persistent AP.36,37 
Presence of persistent cultivable bacteria at the time of 
obturation reduced the treatment success rate from 94% 
to 68%.2 Similarly, success rate in teeth with negative cul-
tures before obturation was significantly higher than teeth 
with positive cultures.38 Recent studies highlighted the 
antimicrobial potential of PDT in endodontics.39-41 High 
elimination rates of endodontic pathogens were reported 
as a promising ex vivo and in vivo effects of PDT.24,42,43 
Little to no cytotoxicity of PDT22,44 hence its high selec-
tivity, has been demonstrated. The lethal activity of PDT 
against target cells is based on photochemical events and 
not thermal effects, as opposed to many laser therapy 
techniques.45

The aim of the present study was to assess potential an-
tibacterial effects of PDT in failed previously root filled 
teeth. In this study, application of PDT after routine re-
treatment procedures significantly reduced the number 
of positive cultures. This result corresponds with Garcez 
et al.46 They used polyethylenimine chlorine (e6) with a 
660-nm wavelength diode laser at 40-mW power for 240 
seconds, and reported significant further reduction of 
bacterial load with PDT as an adjuvant to conventional 
endodontic treatment, and its effectiveness against multi-
drug resistant bacteria.
In the present study, MB dye was used as PS. Xu et al44 
reported that MB-mediated PDT may be effective in a 
clinical setting as an adjunctive technique for endodontic 

disinfection without harming cells in the periapical re-
gion. MB dye is a widely used phenothiazinium-based PS 
for PDT. Its tumor and microbial cells selectivity is due to 
the electrostatic interaction between this positive charge 
molecule and the negative charge on the external surface 
of the target cells.34 Hydrophilicity, low molecular weight 
and the positive charge of MB allow its passage through 
the porin-protein channels of gram-negative bacteria ex-
ternal membranes. It was demonstrated that MB interacts 
with anion lipopolysaccharidic macromolecules, which 
results in MB dimmers.35 MB was used according to sev-
eral previous studies.42,43,47

Regarding root canal disinfection, most of recent studies 
did not confirm a significant improvement for PDT as a 
substitute for current disinfection methods. Hence, in the 
present study it was used as an adjunct to the routine pro-
cedures.26,39 
In this study, additional PDT led to 93.3% bacteria-free 
samples, that agrees with a recent systematic review on the 
effect of PDT in root canal disinfection (91.3%-100%).32 
PDT eliminated four out of six treatment-resistant pos-
itive samples. Whereas two remained positive resistant 
samples did not get bacteria-free. This may stem from the 
fact that the antibacterial activity of PDT is compromised 
in the presence of dentin, dentin matrix, pulp tissue, se-
rum, and bacterial remnants (lipopolysaccharides).43,48.In 
addition, presence of largely untouched areas of root ca-
nal system is quite common after both rotary and manual 
endodontic instrumentation.49

In the present study, paper points were used for microbi-
ological samplings. However, it should be noted that this 
technique lacks the ability to test the efficacy of PDT on 
biofilms.
Because of the heterogeneity in clinical indications and 
protocols among several studies, there is no available 
meta-analysis on PDT’s root canal disinfection ability.32 
Further well-designed randomized clinical trials are cru-
cial to strengthen the currently available level of evidence. 
Although PDT seems promising regarding its addition-
al reduction of the microbial load of root canal systems, 
it would be beneficial to identify the ideal combination 
of photosensitizer and light wavelength via preclinical 
studies.

Table 1. Culture Results of Different Microbiologic Samplings 
During Endodontic Retreatment Procedures

Sampling

Culture Results 
No. (%)

Negative (Bacteria-Free) Positive

First 0 (0) 30 (100)

Second (after 
chemomechanical 
Preparation)

24 (80) 6 (20)

Third ( after additional 
PDT)

28 (93.3) 2 (6.7)

Abbreviation: photodynamic therapy.
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Conclusion
Persistent or reintroduced microorganisms are the ma-
jor cause of post-treatment disease.3 Thus all attempts 
to eliminate intra-radicular microbiota should be con-
sidered as much as possible. If supported by future well 
designed randomized clinical research, PDT may have 
efficacy for additional root canal disinfection, especially 
in failed root canal treated teeth.
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