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This study aimed to determine the effects of photodynamic therapy (PDT) on postoperative pain after treatments
of teeth with necrotic pulps. This randomized clinical trial consisted of 60 patients who presented for treatment
Laser of asymptomatic teeth. The patients were randomly assigned into the Control Group (CG) or the PDT Group
Methylene bl_ue (PG). The canals were instrumented with a reciprocating instrument (50.05) under 2.5% NaOCL irrigation. After
ig::;sz:;s:;;irapy instrumentation was completed, the canals were flooded with 1.56 uM/mL of methylene blue (MB), the optical
Root canal therapy fiber was inserted to the working length and applied for 3min (P =100 mW, t =3 min, E = 18J). The device
Visual analogue scale emitted PDT only for the PG. The operator and the patient were both masked to the treatment protocol. After

PDT, the root canal treatment was completed and the canals were filled. A card was given to the patients to
document their pain perception through the 0-10 visual analogue scale (VAS) at 24 h, 72h, and 1-week inter-
vals. The Mann-Whitney and Fisher’s exact tests were used for statistical analysis (P < .05). The average pain
level for the CG was 1.33 at 24 -hs and 0.50 at 72 -hs; for the PG, the average pain level was 0.37 at 24 -h and 0 at
72-h (P < .05). After 1-week there was no report of pain. PDT had a significant effect in decreasing post-
operative pain at 24- and 72 -h intervals in treatment of single-rooted teeth with necrotic pulps performed in one

visit.

1. Introduction

Root canal treatment involves the removal of vital or necrotic pulp
tissue, bacteria, and its by-products. This aims to prevent apical peri-
odontitis or to promote healing when it is present. Instrumentation of
root canal along with root canal irrigation is the most important step in
the disinfection of the root canal system. In some instances, root canal
treatments might cause some postoperative pain [1].

Postoperative pain might be affected by several factors. Trauma of
the periodontal tissues and chemical irritants can be controlled with
caution during working length (WL) determination and instrumentation
[2,3]. Bacterial extrusion of the remaining bacteria might also be re-
sponsible for postoperative pain, and some studies have looked at the
amount of bacterial extrusion through different instrumentation kine-
matic motions [4]. However, no matter the kinematic used during the
mechanical instrumentation, no system has been able to reach a com-
plete sterilization of the root canal, and clinical studies have shown
similar postoperative pain [5,6]. Additional steps have been proposed
to enhance root canal disinfection such as calcium hydroxide dressing,

lasers, as well as sonic and ultrasonic devices [7].

Recently, laser has been used in several dental protocols. Hard
tissue lasers are able to melt dentin and promote ablation; soft tissue
lasers might lead to biostimulation, thus improving the healing process
[8]. The application of soft lasers in periodontal ligament (PDL) human
cells has demonstrated to decrease cyclooxygenase and prostaglandin
levels which mediates inflammation [9]. The laser photons are ab-
sorbed by mitochondrial cells releasing singlet oxygen and nitric oxide,
it can also help with fibroblast proliferation, matrix synthesis and
neovascularization [10].

Photodynamic therapy (PDT) is the use of a soft tissue laser that
activates a photosensitizer (PS), aiming an antimicrobial activity [11].
Different PS’s are used, each one in association with a specific wave-
length light source. The aim is to release singlet oxygen and eradicate
the bacterial DNA while being safe to mammalian cells [12]. Methylene
blue (MB) is among the most used PS applied in PDT and the majority of
them are associated with a light source with a wavelength from 630 to
700 nm [13]. Different studies have demonstrated that PDT is efficient
to diminish the bacterial load and biofilm in vitro [14,15] and in vivo
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[16,17].

A recent systematic review suggested that PDT is efficient as an
adjunct for root canal disinfection [18]. Although it stressed its benefits,
that study also emphasizes that there is a lack of clinical evidence that
PDT is essential in root canal therapy. To the best of our knowledge, no
study has yet investigated the influence of PDT on postoperative pain
after RCT in single-rooted teeth presenting with necrotic pulps.
Therefore, the aim of this randomized, double-blind clinical trial is to
investigate the effects of PDT on postoperative pain in single-rooted
teeth, with necrotic pulps, performed in a single visit. The null hy-
pothesis tested is that PDT has no impact of postoperative pain.

2. Materials and methods

This prospective, randomized, double-blind clinical trial was ap-
proved by the Institutional Review Board and all volunteers gave their
written consent after being informed about the risks and benefits of this
research.

2.1. Sample size calculation

The sample size was based on a pilot study of 14 subjects following
the same methodology. For achieving an 80% power (alpha error of
0.05) and 95% confidence of difference between the groups, a
minimum of 27 volunteers in each group was deemed necessary and a
goal of 30 volunteers was set for each group.

2.2. Patient selection and randomization

From a pool of 688 consecutively patients enrolled from June 2017
to April 2018, sixty volunteers fit the inclusion criteria and exclusion
criteria (Fig. 1). Inclusion criteria were single-rooted teeth with fully
developed apices, a healthy periodontal probing < 3 mm, and no mo-
bility. Exclusion criteria were patients presenting pain prior to treat-
ment, as well as those taking any pain relief medication or antibiotics in
the previous 10 days. For diagnosis, a radiograph was taken and sen-
sitivity testing was performed with a cold spray (EndoTest, Coltene
Whaledent, Langenau, Germany) and Electric Pulp Tester (Vitality
Scanner, Sybron Endo, Orange, CA). Only teeth with negative sensi-
tivity response to cold and EPT were selected.

The volunteers were randomly divided in 2 different groups
(n = 30), as follows: Control Group (CG), root canal treatment without
the use of PDT, or PDT Group (PG), root canal treatment with PDT used
as adjunct. Thirty charts were created for each group and were pre-
viously randomized by the dental assistant following a computerized
program (random.org). The volunteers in the CG had a chart with a
green dot printed, while the volunteers in the PG had a red dot in the
chart (Fig. 2).

After anesthesia, rubber dam isolation was placed and the en-
dodontic access was done with a high speed hand-piece and carbide
burs. After reaching the pulp chamber, teeth were copiously irrigated
with 5mL of 2.5% sodium hypochlorite (NaOCl) through a NaviTip
31 G (Ultradent, South Jordan, UT). The canal was first carefully
scouted with a size 10-k file (Dentsply Sirona, Ballaigues, Switerzland),
and an estimated working length was established using an electronic
apex locator (Sybron Endo, Orange, California). Following the in-
structions of the reciprocation system (Reciproc, VDW, Munich,
Germany), once a size 30-k file reached the working length, a size 50.05
NiTi file was selected. An engine VDW Silver (VDW) was used in the
“Reciproc All” setting. The file was gently moved towards the apex
using an in-and-out movement with amplitude of 3-4 mm. After 3
strokes, the instrument was removed and cleaned with gauze. Using the
same fashion, the file was used up to 2/3 of the estimated working
length. Then, using an electronic apex locator (Sybron Endo), the final
WL was established and confirmed through a radiograph to be 1 mm
short of the radiographic apex. The total volume of irrigation through
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the instrumentation was standardized to 40mL of NaOCl. After
reaching the WL, the canals were flooded with 2.5% NaOCl and passive
ultrasonic irrigation (PUI) was performed in a size 20.01 ultrasonic tip
(Irrigonic, Helse Ultrasonics, Santa Rosa do Viterbo, Brazil) for
3 X 20s, then 17% etilenediaminetetracetic acid (EDTA) was placed in
the canal and remained for 3 min. Finally, 3 mL of 1.56 pM/mL MB in
water solution (MMOptics, Sao Carlos, Brazil) was placed in the canal
for 2 min.

The aforementioned steps were done in both groups. At this point,
both the provider and the patient were blinded. The dental assistant
collected the chart that was previously selected for that patient. If a
green dot was in the chart, the assistant simulated the use of the laser
device (Laser Duo, MMOptics). The tip of the laser was covered with
aluminum foil, the protection glasses were placed on both patient and
dental assistant, and the device was applied for 3 min. All sounds of the
device remained functional for both groups. If a red dot was in the
chart, the assistant used the laser device placing a size 25, taper 0.04
optical fiber (MMOptics) up to the WL and moved the tip in gentle
vertical motion. The laser used was used for 3min at the following
parameters: 660 nm, 100 mW, 600 J/cm? resulting in 18J of total en-
ergy. Chart randomization, PDT application, and simulation were done
by the assistant without the operator being aware of the groups. The MB
blue was then removed with saline irrigation and the canal was then
obturated with gutta-percha and AH Plus sealer (Dentsply, DeTrey,
Konstanz, Germany) through warm vertical condensation.

2.3. Pain perception evaluation

The volunteers were asked to register their pain perception in a
Visual Analogue Scale (VAS). The VAS consisted of a 100 mm line
without any marks except by a number “0” in the beginning and a
number “10” in the end. In case the patients remained pain free, they
were asked to mark in the number “0”; the number “10” was used for
the worst imaginable pain. All intermediate pain was registered fol-
lowing the volunteers’ perceptions. Pain level was classified as none (0),
mild (1-3), moderate (4-7), or severe (8-10). The pain perception was
registered at 24 -h, 72-h, and 1-week intervals. The volunteers were
also informed that they could ask for an office visit if pain was too
strong; in this scenario, the case was classified as a flare-up [19]. were
also informed to take 600 mg ibuprofen every 6h for pain relief, if
necessary. The number of tablets taken by each patient was registered.
Ages, genders, and smoking habits were recorded.

2.4. Statistical analysis

The Mann-Whitney test was used for statistical differences between
the groups at each time interval. The Fischer’s exact test was applied for
statistical analysis of differences in age, gender, and, smoker status. The
multivariate analysis post-hoc test was performed using a logistic re-
gression analysis. IBM SPSS 24.0 version (IBM, Armonk, NY) was used,
and statistically differences were set at P < .05.

3. Results

All volunteers returned their cards after 1 week. The average age,
gender, and smoking status were equally distributed among the groups.
The demographic distribution of the volunteers is shown in Table 1.

The average pain level for the CG was 1.44 at the 24 -h mark, and
0.50 at the 72 -h mark. For the PG, the average pain level was 0.37 at
24 -hs and 0 at 72-hs. These differences were statistically significant
(P < .05). At 1 week, there was no report of pain (Table 2).

At the 24 -h interval, 91.66% of the volunteers reported no pain or
mild pain. At the 72 -h interval, 96.43% of the volunteers reported no
pain or mild pain. The percentage of patients that reported none, mild,
moderate, or severe pain at any time interval for both groups is shown
in Table 3. There was no report of flare-up.
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Fig. 1. Flowchart of patients’ allocation and randomization.

The average number of tablets taken for pain medication was pre-operative pain were not included, as it is defined that previous pain
0.77 = 2.11 for the CG and 0.13 * 0.43 for the PG. These findings impacts the postoperative status [20]. All canals were kept patent with
were not statistically significant (P > .05).

4. Discussion

The present study aimed to assess the impact of PDT on post-
operative pain in treatments performed in single-rooted teeth pre-
senting with necrotic pulps performed in a single visit. presenting with

a small instrument (size 10-K file) and the WL was determined with the
apex locator and confirmed through a radiograph to be 1 mm short of
the radiographic apex. Care was taken to avoid over-instrumentation
because, as shown in a previous study, it might increase postoperative
pain [21]. The volunteers were randomly assigned to both groups, so
control of age and gender was not done. These variables could have
impacted the results; however, the distribution of male and female
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Fig. 2. Visual analogue scale and daily record of tablets, the green dot indicating control group, and the red dot indicating PDT Group.

Table 1

Demographic aspects and tooth distribution of patients in CG and PG.

Table 3

at the 3 time-intervals evaluated.

Percentage (%) of patients presenting with none, mild, moderate, or severe pain

Control PDT
Control PDT
Mean age 46.97 + 13.23 46.73 + 16.30
Male patients 12 10 24 hours none 56.66 80
Smokers 3 3 mild 26.66 20
Maxillary incisor 14 14 moderate 16.66 0
Mandibular incisor 3 6 severe 0 0
Maxillary canine 4 1 72 hours none 83.33 100
Mandibular canine 1 - mild 10 0
Maxillary premolar 2 4 moderate 3.33 0
Mandibular premolar 6 5 severe 3.33 0
1 week none 100 100
mild 0 0
Table 2 moderate 0 0
severe 0 0

Average, mean (standard deviation) pain level in both groups at 3 different

time-intervals.

Control PDT p-value
24 hours 1.44 (2.09) 0.37 (0.81) 0.037
72 hours 0.5 (1.61) 0(0) 0.021
1 week 0(0) 0(0) > 0.999

* Statistically significant at P < .05.

volunteers was similar in both groups, and age of volunteers was not
statistically different [2,22].

Standardization of shaping in different anatomies is a great chal-
lenge. The use of a single file reciprocating instrument in single rooted
teeth aimed to promote the same apical size in all canals. A previous in
vivo study demonstrated that, in treatment of necrotic teeth, kinematics
is not relevant for postoperative pain [6]. Recently, Cruz-Junior et al.
[21] showed low incidence of pain in treatments performed with single-
file reciprocating instruments up to size 40. Our study used an in-
strumentation protocol similar to that study, however enlarging up to
size 50. It has been suggested that a larger apical preparation size could
lead to a decrease in the bacterial load [23]. Thus, the overall finding
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that 91.66% of the patients reporting no pain to mild pain at any time
interval of our study was higher than previously reported 82.22% by
Cruz-Junior et al. [21]. The larger apical preparation could have played
a role in reducing the bacterial load and leading to less postoperative
pain.

After endodontic procedures, strong pain or swelling might occur,
characterizing a flare-up, and possibly requiring an unscheduled office
visit [19]. Similar to previous studies, the data herein presented showed
no incidence of flare-up [24]; other studies also reported a low in-
cidence of flare-ups [25]. Moreover, there was no difference in the
number of tablets taken between the CG and PG. The overall incidence
of pain in the present study was low; however, only the control group
reported moderate (24- and 72-h interval) or severe pain (72-h in-
terval). When PDT was applied, only mild pain was reported at the 24 -
h interval, and all patients were pain-free at the 72-h interval. The
average pain level of patients that underwent the PDT protocol was
lower in the initial postoperative days. It took 1 week until no differ-
ence was seen between the groups. The lower incidence of pain ob-
served at the 24- and 72-h intervals in PG might be due to the PDT
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application, thus the null hypothesis was not accepted.

Nunes et al. [26] demonstrated that the enterococcus faecalis biofilm
is reduced with root canal instrumentation and irrigation with 1%
NaOCl, regardless of the use of PDT. Conversely, other study showed
the effectiveness of PDT in reducing the biofilm and the bacterial load
[15]. The optical fiber helps to propagate the light inside the root canal,
enhancing disinfection [27]. In an in vivo study, Garcez et al showed
bacteria free canals after using a PDT protocol associating 660 nm light
source delivered by an optical fiber [16]. Decreasing the bacterial load
should lead to less bacterial extrusion and remnants, consequently de-
creasing pain perception. Similarly, to Garcez et al, we might infer that,
in the present study, the PDT group presented a smaller bacterial load
than NaOCl irrigation alone. Therefore, the PDT group presented less
postoperative pain at 24- and 72 -h intervals when compared to NaOCl
irrigation without PDT.

Low-level laser therapy is claimed to possess anti-inflammatory
properties, and decrease prostaglandin levels, edema, and pain [28]. A
meta-analysis showed its efficacy to reduce acute and chronic neck pain
[29]. Bramante et al. reported the use of 660 nm light source as an
adjunct in the healing process of a case of NaOCl extrusion [8]. Re-
cently, Arslan et al. [30] demonstrated that 970 nm diode laser reduced
postoperative pain in the first 4 days of root canal retreatment. In both
studies, the laser was applied close to the soft tissues aiming biosti-
mulation rather than disinfection. In the present study, the canals were
instrumented up to the size 50.05; consequently, the size 25.04 optical
fiber that conducts the light source could reach the full WL. Ad-
ditionally, patency was achieved in all cases of the present study, al-
lowing the light to propagate through the foramen. Vaarkamp et al.
[31] demonstrated that 632 nm wavelength light can scatter through
more than 2mm of dentine. A previous study has demonstrated the
ability of a 645nm wavelength (similar to the 660nm used in this
study) in promoting the increase expression of genes involved in
healing of human cells [32]. Thus, we can hypothesize that in the
present study the laser irradiation could have reached periapical tissues
increasing cell proliferation and neovascularization [10]. In another
recent study, PDT was applied with a similar protocol to our study in
mandibular molars resulting in better healing of periapical healing but
no difference in postoperative pain was reported [33]. Nonetheless,
while our study used single-rooted straight root canals, de Miranda et al
used mandibular molars which are more challenging to standardize.

Currently, there is no standardized photosensitizer for the use along
with the 660nm light source when applying PDT in endodontics.
Garcez et al [27] used polyethylenimine chlorin(e6) as a photo-
sensitizer and a diode laser as a light source for 4 min in an in vivo study
or, MB for 30s in an in vitro model [14]. Another study used phe-
nothiazin-5-ium,3,7-bis(dimethylamino)-,chloride and applied the light
source for 60s [15]. While there is no agreement about the ideal pro-
tocol, the present study used MB (1.56 pM/mL) and applied the light for
3 min as suggested by the manufacturer. Future studies should consider
different PDT protocols and their impacts on postoperative pain. In
addition, long-term outcomes, assessing periapical status of treatments
performed with PDT, are highly desirable. The low cost and risks of
such treatment should encourage future research also in teeth pre-
senting more complex anatomies.

Conclusion

Within the limitations of this study, it can be concluded that PDT
was efficient in reducing postoperative pain in single-visit root canal
treatment of teeth with necrotic pulps. The number of tablets taken for
pain relief was not affected by PDT.
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