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Abstract
Aim: In this study, we aimed to evaluate the effects of four different photoactive dyes on the 
dentin adhesion of an epoxy resin-based root canal sealer.
Methods: Sixty maxillary central incisors were used. Root canals were prepared up to the size 
Reciproc #40, and 2.5 mL of 5% NaOCl was used between each file. The teeth were divided 
into six groups: Group 1, distilled water (the control group); Group 2, methylene blue; Group 
3, toluidine blue; Group 4, indocyanine green; Group 5, Congo red; and Group 6, diode laser. 
After final irrigation, each canal was irrigated with 2.5 mL of photoactive dye. Laser irradiation 
was applied for 1 min (940 nm wavelength, continuous mode, 1W). The canals were obturated 
with epoxy resin-based sealer and gutta-percha. Sections measuring 2 mm in thickness were 
taken from the apical, middle, and coronal thirds of the roots for the push-out test. 
Results: Although the photoactive dyes caused a decrease in the sealer bond strength values, 
there was no statistically significant difference from the control group or between the dyes. 
Diode laser irradiation increased bond strength, but there was again no significant difference. 
Bond strength values decreased from the coronal to the apical region (5.89±1.19, 3.93±0.76, 
and 3.18±0.63 MPa, respectively).
Conclusion: We observed that the use of photoactive dyes to support root canal disinfection 
had no negative effect on the bond strength of a resin-based sealer.
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Öz
Amaç: Bu çalışmada dört farklı fotoaktif boyanın epoksi rezin esaslı bir kök kanal patının den-
tin adezyonu üzerindeki etkilerini değerlendirmek amaçlanmıştır.
Yöntem: Altmış maksiller santral kesici diş kullanıldı. Reciproc #40 boyutuna kadar kök 
kanalları şekillendirildi ve her eğe arasında 2,5 mL %5 NaOCl kullanıldı. Dişler altı gruba ayrıldı: 
Grup 1, distile su (kontrol grubu); Grup 2, metilen mavisi; Grup 3, toluidin mavisi; Grup 4, 
indosiyanin yeşili; Grup 5, Kongo kırmızısı; ve Grup 6, diyot lazer. Son irigasyondan sonra her 
kanal 2,5 mL fotoaktif boya ile yıkandı. Bir dakika boyunca (940 nm dalga boyu, sürekli mod, 
1W) lazer ışını uygulandı. Kanallar epoksi rezin esaslı pat ve gütaperka ile dolduruldu. İtme tes-
ti için köklerin apikal, orta ve koronal üçte birlik kısımlarından 2 mm kalınlığında kesitler alındı. 
Bulgular: Fotoaktif boyalar pat adezyon değerlerinde düşüşe neden olsa da, kontrol grubuna 
kıyasla ya da boyalar arasında istatistiksel olarak anlamlı bir fark yoktu. Diyot lazer ışınlaması 
adezyonu artırdı; ancak yine anlamlı bir fark yoktu. Bağlanma değerleri koronalden apikal 
bölgeye azaldı (sırasıyla 5,89±1,19, 3,93±0,76 ve 3,18±0,63 MPa).
Sonuç: Kök kanal dezenfeksiyonunu desteklemek için fotoaktif boyaların kullanımının rezin 
esaslı patın adezyonu üzerinde olumsuz bir etkisi olmadığı gözlenmiştir.
Anahtar Sözcükler: bağlanma dayanımı; fotoaktif boya; fotodinamik terapi; kök kanal patı
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INTRODUCTION
Endodontic treatment is aimed at the elimination 
of bacteria from root canal systems, which can be 
achieved only by a process of antibacterial irrigation 
and medication, combined with mechanical instru-
mentation (1,2). Following the cleaning and shaping 
of the root canal system, successful root canal therapy 
also requires the use of a filling material to create com-
plete obturation. To achieve this, an ideal root canal 
sealer must adhere to both the obturation cone and the 
root dentin (3), preventing leakage and increasing the 
root’s fracture resistance (2,4). However, it has been 
observed that adhesion and penetration are affected 
by the smear layer, as well as by the irrigation and pre-
treatment of dentin (5–8). The epoxy resin-based AH 
Plus root canal sealer has high physical properties, low 
resolution, and long-term dimensional stability. AH 
Plus has been used as a control material in many stud-
ies and has been accepted as the gold standard (9, 10).

Previous studies have shown that a large number 
of bacteria remain in the root canal, even with simul-
taneous cleaning and shaping (11,12). Advanced dis-
infection strategies are continuously being developed 
and tested in the field of endodontics. Negative pres-
sure irrigation, sonic and ultrasonic systems, and la-
sers are only some of the new approaches to root canal 
disinfection (13). 

Photodynamic therapy (PDT) has also been shown 
to be a promising antimicrobial treatment that can 
eliminate root canal infections by using a nontoxic 
photosynthesizing agent followed by pulsed light-
source irradiation (14,15). In PDT, there are two dif-
ferent mechanisms of action: (i) action by electron/
hydrogen transfer directly from the ion-producing 
photosensitizer or by electron/hydrogen removal 
through forming free radicals from the substrate mol-
ecule—free radicals react with oxygen to generate re-
active oxygen species (16); and (ii) action by releas-
ing a type of electronically stimulated, highly reactive 
oxygen, called singlet oxygen—since such reactions 
are performed with singlet oxygen products, they are 
considered the primary pathway for microbial cell de-
struction (17). 

Both mechanisms react with oxygen radicals. The 
oxide layer, which is released in the bleaching pro-
cess and consists of oxygen radicals, has been shown 

to negatively affect the dentin bond strength of resins 
(18,19). In our literature review, there were few studies 
(20,21) investigating the effects of PDT on the dentin 
bond strength of root canal sealers. Thus, in this study 
we aimed to evaluate the effects of different photoac-
tive dyes on resin dentin bond strength. The null hy-
pothesis tested was that the photosynthesizing agents 
investigated would have no effect on the epoxy resin-
based sealer dentin bond strength.

MATERIALS AND METHODS
To confirm the presence of a single canal, radiographs 
of the teeth were taken in the mesiodistal and buccal-
palatal directions. Working length was determined 
with a #15 K-file. Pathway was created with a #20 K-
file. For standard root canal preparation width, a #25-
K file was used and smaller K-files were able to reach 
the root apex. Final diameters were the same. The 
root canals were prepared in sizes up to Reciproc #40 
(VDW, Munich, Germany), and 2.5 mL of 5% sodium 
hypochlorite (NaOCl) (Wizard, Rehber Chemistry, 
Istanbul, Turkey) was used between each file (#25 and 
#40 Reciproc files were used for preparation). The fi-
nal irrigation protocol involved the use of 5 mL of 5% 
NaOCl, 5 mL of 17% ethylenediaminetetraacetic acid 
(EDTA) (Imicryl, Konya, Turkey), and 5 mL of 5% 
NaOCl. Before the application of PDT, 10 mL of dis-
tilled water was used, and the root canals were dried 
with absorbent paper points. The teeth were divided 
into six groups, with 10 teeth in each: Group 1, dis-
tilled water (the control group); Group 2, methylene 
blue (MB) (0.1 mg/mL) (Sisco Research Lab. Pvt. Ltd., 
Maharashtra, India); Group 3, toluidine blue (TB) (1 
mg/mL) (Sigma-Aldrich Corporation, MO, USA); 
Group 4, indocyanine green (ICG) (5 mg/mL) (Pul-
sion Medical Systems SE, Feldkirchen, Germany); 
Group 5, Congo red (CR) (10 mg/mL) (Sigma-Aldrich 
Corporation, MO, USA); and Group 6, diode laser 
(DL) (continuous mode, 1W, 1 min) (Epic, Biolase 
Tech., CA, USA). 

After the final irrigation protocol, the roots were 
irrigated with 2.5 mL of photoactive dye, which was 
held in the root canal for 5 min. PDT was then applied 
with a 200-µm diameter tip positioned 2 mm above 
the apex, using a 940-nm wavelength laser source 
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(Epic, Biolase Tech., CA, USA). The root canal was 
not irrigated again after irradiation in the DL group.

In the PDT groups the root canals were then 
rinsed with 10 mL of distilled water, dried with paper 
points (Pearl Dent, Ho Chi Minh, Vietnam), and ob-
turated with a paste that contained epoxy resin (AH 
Plus, Konstanz, Germany) and a #40/.06 taper gutta-
percha (Dia Dent, Seoul, Korea) using a single-cone 
technique. Then the samples were stored for 1 week in 
a 100% humid environment at 37°C. All procedures 

were carried out by one researcher. The teeth were 
then embedded in acrylic resin, and 2 mm-thick sec-
tions were taken from the apical, middle, and coronal 
thirds of each root. The samples prepared were placed 
on a universal test machine (Shimadzu, Kyoto, Japan), 
and the push-out test was performed (the force lever 
speed was 1 mm/min) with special tips. The diameter 
of the tips used covered 90% of the diameter of the 
filling material without touching the canal walls. The 
maximum load required to displace the filling material 
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Table 1. Multiple statistical comparisons of the mean values of bond strength after photodynamic therapy with different dyes 

Groups
Mean±standard deviation (megapascals)

Coronal Middle Apical Total

Control 6.28±0.92 a, x 4.20±0.79 b, x 3.18±0.64 c, x 4.55±1.52 x

MB 5.83±1.21 a, x 3.80±0.86 b, x 3.04±0.71 b, x 4.22±1.51 x

TB 5.59±1.30 a, x 3.79±0.78 b, x 3.16±0.50 b, x 4.18±1.37 x

ICG 5.54±1.24 a, x 3.76±0.74 b, x 3.12±0.78 b, x 4.14±1.39 x

CR 5.67±1.41 a, x 3.75±0.64 b, x 3.18±0.53 b, x 4.20±1.42 x

DL 6.45±0.98 a, x 4.29±0.71 b, x 3.43±0.65 b, x 4.72±1.50 x

Total 5.89±1.19 a 3.93±0.76 b 3.18±0.63 c

CR: Congo red; DL: diode laser; ICG: indocyanine green; MB: methylene blue; TB: toluidine blue 
a, b, c: regional significant difference within each disinfection group.
x: no regional or total difference between the root canal disinfection protocols.

Table 2. Pairwise p-value comparisons of the regions in each group.

Coronal Middle Apical

Control

Coronal - 0.001 0.001

Middle 0.001 - 0.035

Apical 0.001 0.035 -

MB

Coronal - 0.001 0.001

Middle 0.001 - 0.18

Apical 0.001 0.18 -

TB

Coronal - 0.001 0.001

Middle 0.001 - 0.354

Apical 0.001 0.354 -

ICG

Coronal - 0.001 0.001

Middle 0.001 - 0.346

Apical 0.001 0.346 -

CR

Coronal - 0.001 0.001

Middle 0.001 - 0.454

Apical 0.001 0.454 -

DL

Coronal - 0.001 0.001

Middle 0.001 - 0.097

Apical 0.001 0.097 -
CR: Congo red; DL: diode laser; ICG: indocyanine green; MB: methylene blue; TB: toluidine blue 
(p≤0.05 was considered statistically significant.)
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was recorded. The load at failure recorded in newtons 
was divided by the connection surface area to obtain 
values in megapascals (MPa).

Statistical analysis
All statistical analyses were performed using the SPSS 
(v.19) software package (SPSS Statistics 19, SPSS Inc., 
Somers, NY, USA). Descriptive statistics were pre-
sented as mean±standard deviation. The sample size 
calculation was performed using the G*Power 3.1 for 
Windows (Heinrich Heine, Universitat Dessefdorf, 
Dusseldorf, Germany) software with an alpha er-
ror probability of 0.05, effect size of 0.40, and power 
of 0.60. One-way variance analysis was performed to 
evaluate the data, and the Bonferroni test was used for 
multiple comparisons. p≤0.05 was considered statisti-
cally significant. 

Study ethics
The study protocol was approved by the Clinical Re-
search Ethics Committee of the Bolu Abant İzzet Bay-
sal University (project no. 2019/174).  

RESULTS
The intergroup differences in terms of root canal 
thirds are summarized in Table 1 and Figure 1. The 
DL group showed better bond strength results than all 
other investigated groups in all root canal thirds, but 
this was not statistically significant (p=1 for the com-
parison of the DL and control groups, p=0.483 for DL 
and MB, p=0.296 for DL and TB, p=0.185 for DL and 
ICG, and p=0.366 for DL and CR). The bond strength 
values decreased from the coronal to apical region in 
all groups when compared statistically. 

There was no significant difference between the 
apical and middle regions in terms of bond strength 
values. However, a significant difference was found 
between the coronal and middle regions and between 
the coronal and apical regions in each disinfection 
group (Table 2).

Although the photoactive dyes caused some de-
crease in the bond strength values of resin-containing 
paste when compared to the control group, there was 
no significant difference. Also, there was no significant 
difference between the dye groups in all thirds (Table 3). 
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Table 3. Pairwise p-value comparisons of the groups for each region.

Control MB TB ICG CR DL

Coronal

Control - 1 1 1 1 1

MB 1 - 1 1 1 1

TB 1 1 - 1 1 0.494

ICG 1 1 1 - 1 0.369

CR 1 1 1 1 - 0.795

DL 1 1 0.494 0.369 0.795 -

Middle

Control - 1 1 1 1 1

MB 1 - 1 1 1 1

TB 1 1 - 1 1 1

ICG 1 1 1 - 1 1

CR 1 1 1 1 - 1

DL 1 1 1 1 1 -

Apical

Control - 1 1 1 1 1

MB 1 - 1 1 1 1

TB 1 1 - 1 1 1

ICG 1 1 1 - 1 1

CR 1 1 1 1 - 1

DL 1 1 1 1 1 -
CR: Congo red; DL: diode laser; ICG: indocyanine green; MB: methylene blue; TB: toluidine blue 
There was no significant regional difference between the groups (p>0.05 for each comparison).
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DISCUSSION AND CONCLUSION
The antibacterial efficacy of PDT has been evalu-
ated and demonstrated in many studies (22–24), but 
still little is known about its impact on the adhesion 
properties of root canal sealers. PDT works by pro-
ducing oxygen radicals. Agents used in bleaching 
create a whitening effect using oxygen compounds, 
and the oxide layer that is formed in this process dis-
rupts the bonding of resins. It is necessary that either 
clinicians wait before restoration or the oxide layer 
be eliminated using antioxidants (18,19,40–42). In 
the present study, the effects of PDT on the dentin 
bond strength of a resin-based root canal sealer was 
evaluated; however, it was possible to compare differ-
ent photoactive dyes. According to our results, there 
was no significant difference between the investigated 
disinfection protocols and the control group in terms 
of sealer bond strength. Therefore, the null hypothesis 
was accepted.

In our study, the bond strength values decreased 
from the coronal to the apical region, with significant 
difference between the coronal and middle regions and 
between the coronal and apical regions. Neelakantan 
et al. reported that AH Plus was chemically bound to 
dentin collagen, although bond strength was affected 
by certain irrigation solutions. The researchers also 
showed a decrease in bond strength values from the 
coronal to the apical region (25).

Ramos et al. evaluated the effect of PDT on the 
dentin adhesion of fiber posts bonded with resin-based 

cements. They reported that PDT decreased bond 
strength values in the coronal region while showing 
similar values in the apical and middle thirds. Our re-
sults are similar to those found in that study, which 
used laser devices with 780–808-nm wavelengths and 
a 0.005% methylene blue dye (26). We concluded that 
the decrease in our study was due to the difficulty of 
removing the smear layer in the apical region, the de-
creasing number of dentine tubules toward the apical 
region, and the connection surface area being smaller 
in the apical region. 

Menezes et al. evaluated the effects of PDT and 
nonthermal plasma on the dentin bond strength and 
penetration of AH Plus and MTA Fillapex, and report-
ed that bond strength values for AH Plus in the non-
thermal plasma group were the same as in the control 
group whereas AH Plus bond strength decreased in 
the PDT group. It was shown that both applications 
resulted in a decrease in dentine tubule penetration 
(6). Although bond strength values decreased with 
PDT in our study, we found no statistically signifi-
cant difference from the control group. This may be 
due to study design differences, such as different laser 
parameters. We used a single-cone technique while 
Tagger’s hybrid thermomechanical compaction tech-
nique was used in the cited study. In another study, 
it had been reported that Tagger’s hybrid technique 
involved minimal sealer use and increased the gutta-
percha area in the coronal and middle thirds (27).

Menezes et al. used a 660-nm wavelength laser for 
90 seconds. The absorption values of the photoactive 
dyes used during PDT vary according to the wave-
lengths used, and the manufacturer gives these ab-
sorption values in the manual provided. For example, 
the highest absorption value for ICG is an 810-nm 
wavelength (28); for TB, a 633-nm wavelength; and 
for MB, a 664 nm wavelength, as has been reported 
in previous studies (29). However, in the literature 
there is still no consensus on which photosensitizer, 
irradiation period, power or wavelength is the best for 
PDT. Although mostly low-wavelength light sources 
are used in PDT, Nagai et al. detected similar antibac-
terial activity on dentin plates infected with Strepto-
coccus mutans in 650-nm-wavelength-laser–MB and 
940-nm-wavelength-laser–MB groups. A high bacte-
ricidal effect was observed in the 940-nm-wavelength-
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Figure 1. Graphical view of the results
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laser–MB group, although the wavelength of the laser 
does not match the excitation wavelength for MB (30).

Ok et al. studied the effect of photoactive disinfec-
tion on bond strength in root canals obturated with 
AH Plus and gutta-percha. For PDT, the research-
ers used a 0.01% TB dye (with a 2-min hold) and an 
LED light source with a wavelength of 625–635 nm 
for 20 seconds. They reported that PDT had no effect 
on the dentin bond strength of root canal sealers (31). 
Although the light source and parameters used were 
different, the present study results are similar to those 
findings. 

The antimicrobial effectiveness of a 940-nm wave-
length laser and its effectiveness in PDT when used 
with photoactive dyes have been demonstrated in sev-
eral previous studies (32–35). It appears that no other 
study has provided a comparison of different dyes, 
and therefore the present study is valuable for exam-
ining the effects of four different photosensitizers on 
the bond strength of an epoxy resin-based root canal 
sealer.

We found that DL application caused an increase 
in the bond strength values, although there was no 
significant difference from the other groups, and con-
cluded that this increase was due to the modification 
of dentin (36), a temperature increase on the root 
canal surface (37), evaporation of the final irrigation 
solution in the dentinal tubules (38), and the hydro-
phobic structure of the AH Plus root canal sealer (39).

Many researchers have reported that applications 
of bleaching negatively affect the bond strength of res-
ins in bonding to enamel and dentin, due to the release 
of oxygen that prevents resin polymerization at the 
interface. The solution to this is to wait 1 to 2 weeks 
between the bleaching application and final restora-
tion (40,41). Research has also shown that prolonged 
periods of bleaching lead to greater decreases in bond 
strength (42). 

Our findings showed that, although PDT caused 
some decrease in the resin bond strength, there was 
no statistically significant difference from the control 
group and between the laser groups. The inconsisten-
cy between findings of the present study and previous 
research can be linked to the fact that oxygen concen-
tration in PDT may be less, that the oxygen radicals 
produced may be different (i.e., singlet oxygen), that 

the application time is less in PDT, and that the laser 
beam may cause morphological changes on the sur-
face of the dentin. In our study, PDT was applied us-
ing a dye which was kept in the canal for 5 min, before 
a 1-min laser irradiation was carried out.

Finally, the main limitations of our study are the in 
vitro design, the use of only a single sealer, and the use 
of a new DL only at a single wavelength. Future studies 
should examine the effects of PDT with different laser 
wavelengths and irradiation periods and consider the 
adhesion properties of sealers that include different 
materials. In conclusion, we found that PDT with four 
different photoactive dyes and a 940 nm-wavelength 
laser was a safe method for root canal disinfection, 
with PDT having no negative effect on the dentin 
bond strength of resin-based sealers.
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