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ARTICLE INFO ABSTRACT
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Background: The aim of this randomized clinical trial was to evaluate the effects of photodynamic therapy (PDT)
after traditional activated final irrigation protocol (ultrasonically activated irrigation, UAI) on periapical lesion
healing after single-visit root canal retreatment.

Methods: We included 36 patients with asymptomatic chronic apical periodontitis with periapical lesions larger
than 5 mm and teeth sensitive to percussion and palpation, who had previous root canal treatment. All patients
who signed informed consent underwent cone-beam computed tomography (CBCT) to determine and calculate
the preoperative volume of the periapical lesion. Patients were randomly distributed into two groups according
to the final disinfection protocol: Group 1; UAI (NaOCl, EDTA, and NaOCl), Group 2; UAI + PDT. All patients
underwent single-visit root canal retreatment using rotary instrumentation and standardized irrigation (3 %
NaOCl) by the same endodontist. The root canals were filled with epoxy resin-based sealer and single-cone gutta-
percha, followed by control radiography. After one year, a new CBCT scan of the teeth was performed to
calculate the reduction in the initial periapical lesion as a measure of periapical healing. For the statistical
analysis, the chi-square test variants, Fisher’s exact test and the Fisher-Freeman-Halton test were used at the level
of significance set at 5 %.

Results: There were no significant differences between the groups in terms of age, sex, preoperative and post-
operative lesion volume (p > 0.05), and reduction of periapical lesion volume (median, 86.98 % for UAI and
79.72 % for UAI+PDT) (p = 0.970). Additional use of PDT after UAI did not contribute to the healing of peri-
apical lesions.

Conclusion: The UAI and UAI+PDT protocols had equal effects on healing of periapical lesion.

1. Introduction

Photodynamic therapy (PDT) is an additional antibacterial strategy
in root canal treatment and retreatment, based on the photochemical
action of low levels of laser energy against microorganisms that remain
after conventional chemo-mechanical procedures [1,2]. In dental liter-
ature, it is also termed photoactivated disinfection (PAD). The antimi-
crobial action of PDT results from interaction between a nontoxic dye
(photosensitizers, PS: toluidine blue, methylene blue), which binds to
bacterial cells, and visible laser light of appropriate wavelengths leading
to “higher energy state“. Because of this interaction and the presence of
surrounding oxygen, highly reactive oxygen species (peroxide or su-
peroxide anions) are created and cause direct cell death. The entire
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damage process depends on the oxygen and PS concentrations [2,3] and
does not affect human gingival fibroblasts or osteoblasts [4].

The use of PDT in root canal treatment has been shown to be effective
in bacterial eradication in many in vivo, in vitro, and ex vivo studies [2].
However, recent systematic reviews have reported conflicting conclu-
sions regarding the advantage of PDT inside root canals [5-8]. In most in
vitro studies, PDT significantly eliminated bacteria and their toxins when
used as an adjunctive method [9-11]; however, its efficacy against
bacterial biofilms is questionable [11]. In vivo studies also showed that
the additional application of PDT enhances root canal disinfection but
has limitations against mature biofilms [2,6] and sometimes similar
efficacy as 2.25 % NaOCl [12]. According to a recent review by Meire
et al. [13], PDT does not have a significant effect on the occurrence of
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postoperative pain during the first 7 days postoperatively; however,
Coelho et al. [14] reported its effect during the first three days after
single-visit root canal treatment.

The clinical impact of PDT on the healing of periapical lesions is
unknown [2,13]. In a recent animal study, two-session root canal
treatment resulted in smaller periapical lesions at the 3-month follow-up
than single-visit root canal treatment with PDT [15]. In a randomized
clinical study by de Miranda et al. [16], adjunctive PDT provided better
periapical healing after 6-month of follow-up, evaluated using periapical
radiography. As stated recently in a critical analysis of research meth-
odology to study disinfection protocols, the main interest in clinical
endodontic studies should be healing of apical periodontitis [17,18].

This study aimed to analyze the efficacy of PDT, used as an additional
antibacterial strategy in single-visit root canal retreatment, on the
healing of periapical lesion evaluated by CBCT.

2. Materials and methods

This randomized clinical study was carried out in a Dental Polyclinic
between June 2019 and December 2021. The study was registered at
clinicaltrials.gov id 021/002-19-208 NCT04072926. Guidelines for
randomized trials in Endodontics PIRATE 2020 was followed [19]
(Fig. 1).

We calculated the sample size using ANOVA based on two groups,
three repeated measures, and significance level o = 0.05 with statistical
power of 90 %. The analysis showed a minimum sample size of 11
participants per group.

2.1. Patients selection

Patients selected for this single-blinded randomized clinical trial
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were regular patients, who had been referred to the Department of
Endodontics at the Dental Polyclinic by their general dentist for root
canal retreatment. First selection of the participants was made based on
the inclusion and exclusion criteria (Table 1) [20]. All patients were
examined clinically and the teeth were analyzed radiographically using
periapical radiography. Patients received oral and written information
about the study, and those, who agreed to participate, had to sign an
informed consent. The patients could withdraw from participating in the
study without any particular reason. The study protocol was approved
by the Local Ethics Committee, number N, 05-PA-30-VI-/2019,
12.04.2019, and the whole study protocol was according to the Decla-
ration of Helsinki [21].

Of 64 patients examined, 36 aged between 20 and 65 years (20 men
and 16 women) were included in this study (Fig. 1). These patients
(study participants) were referred to do Cone Beam Computed Tomog-
raphy (Cranex 3DX, Soredex, Tusula, Finland) (CBCT, endo-mode with

Table 1
Inclusion and exclusion criteria for participants in this study.

INCLUSION CRITERIA EXCLUSION CRITERIA

Symptoms of periapical disease after
endodontic treatment

Teeth sensitive to percussion and
palpation

Swelling and sinus tract

Asymptomatic inadequate endodontic
treatment

Apical periodontitis (AP) larger than
5 mm in diameter based on initial
periapical radiograph

Immunocompromised patients
Pregnancy

Teeth with pocket depth larger than 3 mm
Teeth with signs and symptoms of vertical
root fracture

Severely damaged teeth with no chance for
prosthetic or restorative rehabilitation

Antibiotic intake in the last month

Assessed for eligibility

(n=60)

Excluded (n=24)
Not meeting inclusion criteria (n=24)
Declined to participate (n=8)
Other reasons (n=0)

Randomized (n=36)

Group PDT Group UAI
Allocated to intervention (n=18) Allocation Allocated to intervention (n=18)
Received allocated intervention (n=18) Received allocated intervention (n=18)
Follow up
Lost to follow Lost to follow
up (n=3) up (n=0)
Analysis
Pregnancy (n=2)
Extraction (n=1)
Analysed Analysed
(n=15) (n=18)

Fig. 1. Flowchart of the study according to PRIRATE guidelines 2020 [1].
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5 x 5 field of view and 75 pm voxel size) of the tooth to determine the
exact preoperative volume of apical periodontitis (AP).

2.2. (Clinical procedures

An investigator (BP), a specialist in endodontics with more than 15
years of experience, conducted single-visit root canal retreatment in all
patients. After inclusion in the study, the participants were randomly
distributed into two experimental groups depending on the final root
canal disinfection protocol used:

Group 1. Ultrasonically activated irrigation (UAI)
Group 2. UAI + PDT

The randomization process was conducted using the wheel decide
program (www.wheeldecide.com). The study was single-blinded,
meaning that the patients were unaware of the group to which they
were allocated.

The clinical procedures were standardized for both groups. Root
canal retreatment was performed under local anesthesia (Articain 4 %
with Epinephrine 1:100,000, one ampoule, Ubistesin™ forte, 3 M ESPE,
Germany) and rubber dam isolation. The traditional access opening was
performed under rubber dam isolation. All caries was removed using
pear-shaped diamond and round carbide burs under water coolant. In
cases where there was a significant loss of coronal tooth structure, class I
cavities were reconstructed using a composite material (Clearfill Maj-
esty ES-2 Classic, Kuraray America, Inc. Suite, USA). The working field
was disinfected with 5 % NaOCI.

The root canal retreatment was performed with R-endo 1, 2, and 3
rotary files (MICRO-MEGA, Cedex, France) using an endomotor set at
300 rpm and 200 Ncm, according to the manufacturer’s recommenda-
tions. During retreatment, the root canals were irrigated with 3 % NaOCl
(30 G needle, Steri Irrigation Tips, DiaDent; Netherlands). The retreat-
ment was considered complete when no signs of remaining gutta-percha
were visible on the instruments or in the canal. The working length was
determined and measured using a K-file size #10 or #15 up to the apical
foramen (value 0 on the apex locator) on Dualpex apex locator (MICRO-
MEGA, Cedex, France). Then, the canals were instrumented up to the
apical foramen using 2Shape 1 and 2Shape 2 instruments (2Shape,
MICRO-MEGA, Cedex, France) and 5 ml of 3 % NaOCI per canal.
Endomotor setup was 300 rpm and 200 Ncm. The presence of clean
dentinal shavings, clear irrigant, and glassy smooth walls were the
preferred indicators of adequate cleaning of the root canals. Addition-
ally, apical cleaning was confirmed when clean dentinal debris was
present at the tip of the rotary instrument.

After completion of instrumentation, the final disinfection protocol
included: irrigation with 3 ml of 3 % NaOCI for 30 s, followed by 3 ml of
15 % ethylenediaminotetraacetic acid (EDTA) for 60 s, and finally, 3 ml
of 3 % NaOCl for 30 s [22,23]. All irrigation was performed using 30 G
needle (30 G needle, Steri Irrigation Tips, DiaDent; Netherlands) and a 2
ml syringe. After each irrigation step and before the next irrigant, the
excess irrigant in the root canal was aspirated using 30 G needle and a
syringe.

In Group 1 (UAI), EDTA and NaOCl irrigants in the final disinfection
protocol were constantly activated using an EndoUltra device 3
(MICRO-MEGA, Cedex, France) with an ultrasonic non-cutting tip
placed at 3 mm from the working length. The irrigant was delivered into
the root canal, and the ultrasonic device was constantly activated, 30 s
for NaOCl and 60 s for EDTA. During activation, irrigants were
constantly delivered using 30 G needle and a syringe.

In Group 2 (UAI + PDT), the irrigants were activated in the same
manner as explained for Group 1 but with the additional application of
photodynamic therapy (PDT) after irrigation. The PDT was applied
using an HF diode laser (diode laser 660 nm, 100 mW 60 s/root canal,
LASER HF COMFORT; HAGER&WERKEN, Duisburg, Germany) set at
continuous mode. First, the PS, Toluidine blue (HF EndoPDT solution,
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Hager&Werken), was applied in the root canal and distributed along the
dentinal walls using a sterile hand K-reamer size #15. The dye was left in
the canal for 60 s, then, removed by rinsing the canal with 2 ml of sterile
saline solution and dried with sterile paper points. Finally, the root ca-
nals were irradiated using a fiber tip (320 ym diameter), placed initially
2 mm from the working length, and then moved rotationally for 60 s
with rotational motion from the apical to the coronal direction.

In the same session, the root canals were obturated using an epoxy
resin-based sealer (AH Plus, Dentsply Sirona, Germany) and gutta-
percha cones (MICRO-MEGA, Cedex, France) using a single-cone obtu-
ration technique. The access cavity was temporarily sealed with a glass
ionomer (Fuji IX; GC Corporation, Tokyo, Japan).

2.3. Cone beam computed tomography evaluation

First author (BP), who did the clinical procedures, was not involved
in the CBCT analysis. All included patients underwent Cone Beam
Computed Tomography (CBCT) to determine the exact volume of the AP
before the procedure (Field of view 5 x 5) (Initial CBCT) and one year
after root canal filling (Control CBCT). All scans were performed using
the same device with standardized parameters (Endo Mode, voxel size
0.085 mm, 450 mGY /mm3, 6.3 mA, 90 kV, 8.7 s), analysis of end-
odontic space, and evaluation of periapical lesions. Radiological volu-
metric assessment of periapical lesion healing was performed using
CBCT analysis by obtaining the exact lesion volume preoperatively and
one year after the retreatment. CBCT scans were evaluated and peri-
apical lesions calculated by two independent researchers, who were not
involved in the study protocol. If the volume of the measured lesions
differed between researchers, the mean value was recorded. In addition,
the initial and control CBCT scans were analyzed at an interval of more
than 1 week. Volumetric analysis was performed in the 3D mode of On-
Demand software with semiautomatic segmentation and automatic
measurement of the grey intensity of the lesion [20]. For the defect area
segmentation and volume calculations, the highest resolution using slice
thickness and interval of 0.125 mm were used. A grayscale value range
selection tool was used for selecting periradicular defects. For multi-
rooted tooth with more than one periapical lesion, the individual vol-
umes of the lesions were added together [24]. After 1 year of root canal
retreatment, the follow-up measurement was done. Periapical radiolu-
cency with volume less than twice the width of the periodontal ligament
was counted a 0-mm® defect size and considered healed periapical le-
sions [24]. Individual defect volumes in multirooted teeth were added
together [24]. Cases where periapical radiolucency reduced in size or
was absent was classified as healing cases. All CBCT analysis was done
on the same computer.

2.4. Statistical analysis

For the statistical analysis, the chi-square test variants, Fisher’s exact
test and the Fisher-Freeman-Halton test were used at the level of sig-
nificance set at 5 %.

3. Results

By the end of the study, three participants from group 2 (UAI + PDT)
dropped out of the study because of pregnancy (two cases) and extrac-
tion (one case). Finally, 33 patients (recall rate, 90 %) were reexamined
at 12-month follow-up.

Initial analysis did not show statistically significant differences in age
and initial volume of periapical lesions between group 1 (UAI) and
group 2 (UAI + PDT) (p = 0.574 and p = 0.828, respectively). Overall,
23 multi-canals and 10 single-canal teeth were included in the study.

There was no significant difference in the volume of apical peri-
odontitis and no reduction rate between the groups: median reduction
rate of AP 86.98 % in UAI, 79.72 % in the UAI 4 PDT group (p = 0.601, p
= 0.910) after one year (Table 2). Reduction or complete healing of AP


http://www.wheeldecide.com

B. Pazin et al.

Table 2
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Descriptive statistics showing initial volume of apical periodontitis (AP) (mean, minimum, maximum, and median) and control volume of AP at 1-year follow up, and

reduction rate of the AP volume.

Group Mean SD Min Max Percentiles
25th 50th (Median) 75th
Age (years) PDT 38.40 11.76 24.00 62.00 30.00 35.00 45.00
UAI 39.44 11.92 20.00 66.00 31.50 40.00 42.00
Initial volume of AP PDT 520.99 590.75 152.62 2566.06 261.85 320.53 572.45
UAI 1336.83 3573.72 116.71 15,549.90 188.92 330.16 975.73
Control volume of AP after 1 year PDT 87.15 86.91 0.00 279.31 0.00 70.73 158.01
UAI 635.32 1995.56 0.00 8575.65 0.00 30.57 355.34
Reduction rate of the volume of AP (%) PDT 71.22 29.12 12.81 100.00 54.32 79.72 100.00
UAI 69.50 34.87 11.13 100.00 37.23 86.98 100.00

AP: apical periodontitis, SD: standard deviation, min: minimum, max: maximum,.

was recorded in 92.60 % of the cases, 100 % in the UAI + PDT group and
86.7 % in the UAI group (p = 0.970). Overall, complete healing was
recorded in 39.39 % of cases, incomplete healing in 60.61 % and failure
in 6.06 %. In the UAI group, eight out of 18 cases had complete healing
(44.44 %), five cases showed the reduction of the lesion more than 50 %
of initial volume, three cases showed reduction of the lesion less than 50
% of initial volume, and in two cases (11.11 %), there was enlargement
of the initial lesion volume meaning failure. In the PDT group, no failure
was recorded, and five patients had complete healing (33.33 %), seven
patients had reduction of the lesion more than 50 % of initial lesion
volume, and three patients had minimal reduction of initial lesion
volume.

4. Discussion

Healing of apical periodontitis is the primary outcome of interest in
clinical endodontics [17]; therefore, more clinical studies with stan-
dardized clinical protocols are necessary, especially those evaluating
disinfection protocols, including PDT [2,23]. This randomized clinical
trial evaluated the clinical benefits of PDT in the healing of AP after
single-visit retreatment.

The results of this study did not show any significant benefit of the
additional application of PDT after UAI in the final disinfection protocol
for the reduction of AP after one year of follow-up. Overall, the complete
healing of apical periodontitis shown on the CBCT scans was 48.15 %,
with 53.33 % in the UAI group and 33.33 % in the PDT group. Healing
cases (reduction in AP) was recorded in 92.60 % of cases, with two cases
of unfavorable outcomes (failure) in the UAI group. Brochado Martins
et al. [25] reported, in a retrospective study, a similar percentage of
healing cases (86.7 %) on CBCT scans 12 months after root canal
retreatment, implying similar treatment outcomes in both groups in this
study. To the best of our knowledge, this is the first study using CBCT to
evaluate the influence of PDT on the healing of periapical lesions. Most
previous clinical studies on PDT evaluated its benefit in terms of anti-
bacterial efficacy, showing a significant reduction in endodontic bacte-
ria, including Enterococcus faecalis, which is found in more than 80 % of
cases requiring retreatment [2,15,26]. In this study, we did not evaluate
the antimicrobial status of the root canals after the disinfection protocol;
therefore, it was not possible to examine the dependence of these two
variables, which should be considered in future studies. However, the
results of this study can be interpreted in several ways. First, PDT was
used in this study in a one-visit root canal treatment. On the other side,
according to Borsatto et al. [15], PDT, applied in a two-visit root canal
treatment with a calcium hydroxide intracanal dressing between visits,
causes greater healing of periapical lesions at 90 days compared to that
applied at one session. A similar observation was reported by Trinidade
et al. [27], who found that, PDT used with an inter-appointment calcium
hydroxide, provided slightly stimulation of periapical healing. However,
there was no difference in lesion repair with or without PDT in radio-
graphic and histological analyses. In the same study, PDT did not
improve the reduction of bacteria in root canals compared to NaOCl

alone. Therefore, there might be limitations to the efficacy of PDT under
clinical conditions. Low concentrations of oxygen in the canals, espe-
cially in intracanal complexes, cause blockage of cytotoxic oxygen de-
rivatives and limited penetration of PS in deep areas of the root canals
[2]. All these factors may have compromised the efficacy of PDT in this
study. Finally, there is a no clear consensus on recommending a protocol
of PDT in clinical practice [2] because different PS, irradiation doses,
and light sources have been used in different studies [2].

In this study, PDT was used after UAI in the final disinfection pro-
tocol and compared to the use of UAI alone in the same protocol. UAI is
currently the most popular irrigant activation technique [23], which has
been shown to improve the root canal disinfection protocol in many in
vitro studies [28]; however, clinical trials have not detected any
improvement in root canal disinfection compared to conventional irri-
gation in terms of antimicrobial efficacy, and no clinical study has found
any improvement in long-term healing outcomes [28,29]. We used UAI
as a control group to the additional PDT protocol because we expected
highly virulent bacterial flora organized into bacterial biofilms in clin-
ical cases requiring retreatment [30,31). Organization of bacteria in
biofilms located in anatomic intricacies of the root canal system and the
difficulty in eliminating them is the main challenge for irrigation pro-
tocol. On the other side, the limitations of mechanical and passive irri-
gation techniques in complex root canal anatomies are well known, with
significant amount of intracanal dentin still covered with debris and
bacterial biofilm [32). Furthermore, recent results showed that for
cleaning complex intracanal areas, the energy providing fluid movement
is more important than higher concentration of NaOCl [33]. According
to recent review by Boutsioukis and Ariaz-Moliz [17], delivery of the
irrigants using a syringe and needle and activation by an ultrasonic file
are the most popular irrigation methods. Therefore, we consider UAI as
important technique in the elimination of bacteria in retreatment cases
and also a good enough alternative to PDT. The results did not show that
additional use of PDT after UAI contribute significantly to the healing of
periapical lesions. However, PDT showed to have better results in terms
of greater number of complete healing in more patients and no failure in
any compared to only UAI This study did not evaluate the microbio-
logical status of the canals before and after the treatment so we can not
make conclusion regarding the antibacterial efficacy of the two tested
protocols.

The results of this study can be discussed based on certain points in
the protocol. In this study, we used a continuous UAI protocol with only
one cycle of activation with EDTA (60 s) and NaOCl (30 s). Various UAI
protocols have been discussed in the literature [23,28], the most popular
being 1 x 60 s. However, other protocols have been used, including 3 x
20 s and 1 x 30 s. An interesting finding was published recently by
Retsas et al. [34], who showed that the number of cycles of UAI acti-
vation was essential for the removal of biofilms, rather than the total
activation time. Specifically, the amplitude of the signal that the ultra-
sonic handpiece receives is larger during the first milliseconds than later
on. Therefore, the initiation of activation is crucial for the cleaning ef-
ficacy of UAI. Verma et al. [35] found better treatment outcomes
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(clinical and radiographic success rates) after repeated UAI than in a
control group without UAIL

In this study, we used CBCT to quantitatively measure the healing
rate of apical periodontitis. CBCT is a high-sensitive scanning technique
which can provide precise changes of bone tissue over time and, thus,
objective presentation of treatment outcome [20,36]. In a recent study
by Davies et al. [20], CBCT diagnosis provided a significantly lower
number of favorable retreatment outcomes than periapical diagnosis. It
has been stated that CBCT scans are more accurate and sensitive at
diagnosing apical periodontitis than periapical radiographs [37,38].
Therefore, CBCT should be considered for detecting apical lesions and
evaluation of treatment outcome during follow-up [38]. The same lesion
size might demonstrate a slower healing rate in CBCT than in periapical
radiography [20]. In this study, a 12-month follow up was used for the
evaluation of treatment outcome. Although this follow-up period may be
insufficient to determine the full healing potential, it is in accordance
with the recommendation of the quality guidelines for outcome assess-
ment of nonsurgical treatment of apical periodontitis (European Society
of Endodontology, 2006). All radiation doses for CBCT scanning in this
study adhered to the rule "as low as reasonably achievable" (ALARA).
Patel et al. [39] showed that the use of CBCT with ethical approval is
justified in the clinical use of small FOV CBCT scans for research pur-
poses, assessment of treatment with new protocols, and disinfection
techniques, which will result in a more objective treatment outcome.

This study has limitations that have to be taken into consideration
when discussing the clinical significance of the results. First, this study
included patients with different types of teeth, single-rooted and multi-
rooted distributed among both groups. In the UAI group, 11 multi-canals
teeth (1 premolar and 10 molars) and seven single-canal teeth were
treated, and in the UAI4+PDT group, 12 multi-canals teeth (11 molars
and 1 premolar) and three single-canal teeth. Laukkanen et al. [40],
reported higher success rate of root canal treatment in anterior teeth and
premolars compared to molars. This is due to complex anatomy in mo-
lars, especially in the apical part, which is considered difficult to clean,
disinfect and obturate [32]. Therefore, different canal anatomy of the
teeth could have influenced the results of this study. Furthermore, this
study evaluated the additional application of the PDT after the UAI of
the final irrigation protocol. UAI is a “golden standard” in activated
irrigation and was recommended as an improved irrigation technique
[17,28]. However, UAI as an advanced technique may not have left
room for PDT to show its full potential in root canal irrigation. There-
fore, future studies should evaluate the benefit of the additional appli-
cation of PDT after conventional irrigation using syringe and needle.
This study did not evaluate the microbiological status of the canals
before and after the treatment so we can not make conclusion regarding
the antibacterial efficacy of the two tested protocols.

5. Conclusion

No significant clinical benefits of PDT, used as an additional protocol
after UAL existed in the healing of apical periodontitis after 1-year
follow up of root canal retreatment.
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