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A B S T R A C T

Background: The aim of the current systematic review was to evaluate the efficacy of phototherapy in the ad-
hesive bonding of different dental posts to root dentin.
Methods: The outline of this systematic review followed the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) guidelines. Searches in both electronic and manual literature were performed in the
main databases ‘MEDLINE’ and ‘EMBASE’ up to March 2019 using the following terms: (Phototherapy) AND
(push out test) AND (bond strength) AND (post) OR (fibre) OR (metal) AND (smear layer).
Results: Six in-vitro studies were included and processed for data extraction. All studies incorporated the use of
fiber posts. The mean shear bond strength for test group ranged from 2.23 to 15.17MPa while mean shear bond
strength for control group ranged from 2.93 to 9.38MPa. The wavelengths of diode lasers ranged from 660 to
2940 nm (nm). Power was reported in 5 studies ranging from 0.075W to 3W. All studies compared shear bond
strength of phototherapy in the adhesive bonding of different dental posts to root dentin. In all the included
studies, greater bond strength achieved by phototherapy compared to nonirradiated group.
Conclusion: Within the limits, this study shows that the dentin to post bond strength was significantly enhanced
by phototherapy.

1. Introduction

Severely cavitated teeth require endodontic treatment and its re-
storation. This restoration brings back the form and function of tooth
structure that was lost either due to caries, fracture or restorative
procedures [1,2]. There is increasing demand for non-metal restora-
tions and esthetic restorative materials such as prefabricated fibreglass
posts which have increasingly replaced the conventional cast-metal
cores allowing higher retention of restoration [3].

Posts become necessary where severe cavitation exists. Posts are
cemented with the help of resin cement that relies on the bond between
the root canal surfaces and posts which is achieved with the help of
adhesives [4]. To achieve significant amount of adhesion, suitable
modifications of the surfaces (enamel and/or dentin and posts) is
needed [4]. Research by Bitter et al. [5], showed superior bond strength
scores with the use of Rely-X Unicem when compared with other ma-
terials, while other studies demonstrated decreased bond strength
[6–8]. There are varying results with regards to the regional differences
in bond strength at different levels of root canal [9–11]. Gaston et al.
[12] reports that the acceptable conditions of adhesion were found

mainly in the apical and cervical thirds of root canals. These results
vary from the outcomes of other research at ultrastructural level, which
revealed that the most reliable bond strength was generally observed in
the cervical third, due to the comfortable access [13]. Moreover, the
bonding procedure in the root canal wall is complex due to the dentin
structure and, with this to the chemical constituents regularly used to
increase adhesion to dentin structure, such as adhesive systems, other
technologies have been investigated for the treatment of root canal
dentin to improve bond strength [13,14].

Phototherapy have widely been used in dentistry as an adjunct to
treat numerous oral disorders [15–20]. Furthermore, phototherapy has
been found to improve bond strength of resin cement to zirconia
ceramics and for modifying dentin surface for effective cement adhe-
sion to dentin of the root surface [21,22]. Several studies reports sta-
tistically significantly higher bond strength when root surface was ir-
radiated with phototherapy compared with no phototherapy [22–24].
However, to the best of the authors knowledge, there has been no
systematic review published that evaluated the efficacy of phototherapy
on shear bond strength and thus improving post retention to root
dentin. Therefore, the aim of the current systematic review was to
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evaluate the efficacy of phototherapy in the adhesive bonding of dif-
ferent dental posts to root dentin.

2. Materials and methods

2.1. Study protocol

The outline of this systematic review followed the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-Analysis)
guidelines [25].

2.2. Eligibility criteria

Only in-vitro studies were considered which included study teeth
that have undergone endodontic treatment in correspondence with post
application and comparing efficacy of phototherapy with other mod-
alities/no light therapy with push out bond strength as outcome mea-
sure. Articles published in other than English language, ex-vivo studies,
narrative reviews, unpublished data, letters to the editor were not in-
corporated in the current review.

2.3. Search strategy

Searches in both electronic and manual literature were performed in
the main databases ‘MEDLINE’ and ‘EMBASE’ up to March 2019 using
the following terms: (Phototherapy) AND (push out test) AND (bond
strength) AND (post) OR (fibre) OR (metal) AND (smear layer). The
authors individually performed the screening of the titles and selection
process for eligible articles. If data pertinent to the inclusion criteria
was not found in the abstract, or if the abstract was missing, the article
was chosen for full-text reading. Subsequently, full-text articles that
satisfied the inclusion criteria were recognized and included in the
systematic review. Reference lists from original studies were manually
hand searched to identify papers that may have missed during the
electronic data search. Manual hand searching of the following peer-
reviewed journals was performed: Photomedicine and Laser Surgery,
Laser Therapy, Acta Odontologica Scandinavica, Photodiagnosis and
Photodynamic Therapy and Lasers in Medical Science. Published

studies that satisfied the inclusion criteria were handled for data ab-
straction.

2.4. Data items and abstractions

The details of the data from the accepted studies were charted ac-
cording to the research designs, author/country, involved teeth, pho-
totherapy administration, type of post administered, main results and
mean shear bond strength outcomes. Data gathered were constructed
on the focused question summarized for the current review.

2.5. Quality assessment

Quality assessment of the included in-vitro studies was assessed by
undergoing risk of bias across studies. The parameters evaluated were:
randomization of teeth, caries free teeth, blinding, control groups, si-
milar dimension samples, assessment of the failure mode, description of
coefficient of variation, and sample size calculation. Each parameter
received a ‘Yes’ if the details are reported in the paper, otherwise the
parameter is reported as ‘No’. Studies covering one to three points were
regarded as high risk of bias studies, whereas four to five and six to
eight were considered as medium and low risk of bias, respectively.

3. Results

3.1. Search results

A total of 53 study titles and abstracts were initially identified. After
removal of the duplicates (n=3), initial screening of titles and ab-
stracts was performed, and 40 articles were excluded as irrelevant to
the focused question. A total of 10 papers were selected for full-text
reading. Of these 10 articles, 4 studies were further excluded (reasons
reported in Fig. 1). After the final stage of selection, 6 studies were
included and processed for data extraction [22–24,26–28] (Fig. 1).

3.2. General description of included studies

Table 1 describes the general characteristics of the included studies.

Fig. 1. PRISMA flow diagram for studies retrieved through the searching and selection process.
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All studies were categorized as in-vitro studies. Three studies were
performed in Brazil [22,23,28], two were performed in Turkey [26,27]
and one was performed in Iran [24]. All studies incorporated the use of
fiber posts. Mean shear bond strength was tested using 0.5mm/min
head speed in the Universal mechanical testing machine in 5 studies
[22–24,27,28], whereas, the remaining one study used head speed of
1mm/min [26]. Two studies [24,27] had their funding source men-
tioned as University funding, 1 study had private funding [28], whereas
3 studies did not mention anything about funding source [22,23,26].
The mean shear bond strength for test group ranged from 2.23 to
15.17MPa while mean shear bond strength for control group ranged
from 2.93 to 9.38MPa in the included studies (Table 2).

3.3. Phototherapy parameters of the included studies

Out of all the studies included, two studies reported the use of
gallium-aluminium arsenide (GaA1As) laser [22,23], 1 study used er-
bium,chromium:yttrium scandium gallium garnet (Er,Cr:YSGG) [24], 1
study used neodymium:yttrium–aluminum-garnet (Nd:YAG), mid-in-
frared erbium:yttrium–aluminium garnet (Er:YAG) and photon-induced
photoacoustic streaming [27]. The wavelengths of diode lasers ranged
from 660 to 2940 nm (nm). Frequency was reported in 3 studies
[22,23,27]. Power was reported in 5 studies ranging from 0.075W (W)
to 3W [22–24,26,27]. One study [27] reported pulse duration and
pulse energy each. Only 4 studies reported optic fibre diameter as 200,
200 and 300mm respectively [22,23,27,28]. None of the included
studies reported energy density and number of laser sessions (Table 3).

3.4. Main outcomes of the studies

All studies compared shear bond strength of phototherapy in the
adhesive bonding of different dental posts to root dentin. In all the
included studies, greater bond strength achieved by phototherapy
compared to nonirradiated group.

3.5. Risk of bias across studies

All studies showed medium risk of bias [22–24,26–28]. The sections
that did not attain scores were blinding, description of coefficient of
variation and sample size calculation. Only 1 study reported about
caries free teeth [24]. On the other hand, all studies reported about
randomization, control groups, similar dimension samples and assess-
ment of failure modes (Table 4).

4. Discussion

To the authors’ knowledge, this is the first systematic review con-
ducted to investigate the effect of phototherapy in the adhesive bonding

of different dental posts to root dentin. The present systematic review
hypothesized that phototherapy is effective in significantly increasing
bond strength of dental posts to root dentin. Overall, 100% of the in-
cluded studies indicated that the dentin to post bond strength was
significantly enhanced by phototherapy [22–24,26–28].

The premise of root canal irrigation that helps to effectively increase
the bond strength may very well be explained by the removal of smear
layer and remaining gutta-percha from the root preparation and en-
dodontic sealers from the dentine root canal surface. The smear layer
produced by post space preparation should be removed according to
some authors owing to the increase of antibacterial effects [29–31] and
also adhesive effectiveness [32] as it becomes porous and the authors
insisted that the smear layer causes a weak adherent interface between
cement and dentin. On the other hand, other authors insist upon re-
taining smear layer for adaptation of the materials to root surface [33].
In addition, Souza et al. [34] have showed the presence of photo-
sensitizer in the root canal walls after final irrigation protocols. The
same authors revealed low bond strength values when the photo-
sensitizer removal is not performed by final irrigants and ultrasonic
activation [35,36]. In the study by Tuncdemir et al. [26], it was shown
that using the photodynamic diode laser in post space increased the
bond strength of resin cement to dentin interface, as compared with
other surface treatment methods. It is important to improve the
bonding effectiveness of the resin and dentin for post restoration suc-
cess with removal of the smear layer and formation of the resin-dentin
interdiffusion zone [37,38].

Laser devices have been used in root canal treatment since the early
1970s [39], but their acceptance has been very slow. General causes of
dissatisfaction have included thermal damage caused by the laser
photonic energy [40]. Therefore, the photonic energy should be at its
lowest possible level to eliminate thermal damage. The principle of
phototherapy or the reason why such treatment modality improve bond
strength may be explained by the effects of the heat produced by lasers
during thermomechanical processes that appear as liquefaction, re-
crystallization, changes in the size of mineral particles, carbonization
and formation of small cracks. These complex processes may influence
the strength of the bond between the dentin matrix and the adhesive
system [41]. It has been reported that as the diode-laser treatment
(λ=810 nm) partially opened dentinal tubules, signs of fusions and
temperature increase at the root surfaces were observed [42]. On the
other hand, a study conducted by Altundasar et al. [40] after irradiation
with a 980-nm diode laser (GaAlAs) (with 2 times more power) had
opposite results and two-fold increase in temperature at the root surface
was observed. To avoid the temperature rise, lower irradiation power
was used for this study (λ=660 nm), and it was enough to improve
bonding effectiveness at the cement-dentin interface.

The critical factors affecting the bond strength between the post and
rot dentin are the type of laser and the laser parameters used. There was

Table 3
Phototherapy related parameters of the included studies.

Author et al Type of laser Wavelength (nm) Frequency (Hz) Pulse duration
(μs)

Power (W) Pulse Energy
(mJ)

Optic fibre diameter
(μm)

Energy density (J/
cm2)

Garcia et al. [22] GaA1As 980 100 NA 1.5 NA 200 NA
Garcia et al. [23] GaA1As 980 100 NA 1.5

3.0
NA 200 NA

Mohammadi et al. [24] Er,Cr: YSGG NA NA NA 0.5 NA NA NA
Tuncdemir et al. [26] Diode 660 NA NA 0.075 NA NA NA
Ekim & Erdemir [27] Diode 810 NA NA 1.2 NA 300 NA

Nd:YAG NA 15 NA 1.5 100 300 NA
Er:YAG 2940 10 1000 0.5 50 300 NA
laser-PIPS 2940 15 50 0.3 20 300 NA

Strefezza et al. [28] Diode 830 NA NA NA NA 300 NA

GaA1As – gallium aluminium arsenide diode laser; Er,Cr:YSGG – erbium,chromium:yttrium scandium gallium garnet; Nd:YAG - neodymium:yttrium–aluminum-
garnet; Er:YAG - mid-infrared erbium:yttrium–aluminumgarnet; PIPS - photon-induced photoacoustic streaming; nm – nanometer; Hz – Hertz; μs –microseconds; W –
watts; mJ – microjoules; μm – micrometer; J/cm2 – joules per square centimetre; NA – not available.
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a significant methodological heterogeneity and incomplete information
about phototherapy parameters in the included studies. Other factors,
for example, fiber diameter could influence power density and energy
output in the application of phototherapy and could alter the certain
amount of energy released during the process, likely affecting the
bonding effect of phototherapy [43]. Since the most important effect of
laser is to convert radiant energy to heat (the thermo-mechanical ef-
fect), absorption of laser energy by the surface of the material is the
most important interaction between the material and phototherapy.
Therefore, selection of appropriate laser parameters to change the
surface properties of the zirconia surface is of utmost importance.

Effective bond strength is determined by the orientation and the
number of dentinal tubules present inside the dentine that relates to the
high area of bond strength with higher number tubules. There are ap-
proximately 40,000 tubules/mm2 dentinal tubules in the cervical and
middle thirds of the root that provides a significant area for dentin-
bonding adhesives to penetrate, thereby increasing the quantity of
mechanical tags that occur between dental cements and root dentin
[29]. Not all studies exclusively assessed and compared the bond
strength between dental posts and dentin using phototherapy in the
cervical and middle thirds of the root dentin. This however, should be
studied in future research that compares bond strength in the cervical,
middle and apical thirds and relating the effectiveness with the high
mechanical interlocking of the cements into the tubules.

With regards to the limitation, it is noteworthy that only 2 authors
performed screening and data abstraction without the involvement of
the third assessor. The involvement of multiple authors performing
independent screening could result in the inclusion of pertinent studies
being missed from screening and data extraction by single author alone.
Furthermore, the limited number of studies is another important lim-
itation that should be taken into account. More number of included
studies with quantitative data assessment would help us to evaluate the
actual bond strength necessary for effective bond integrity. Moreover,
only 2 databases were considered for paper selection. These methodo-
logical shortcomings should be considered when interpreting the find-
ings of the current study.

5. Conclusion

Within the limits, this study shows that the dentin to post bond
strength was significantly enhanced by phototherapy.

Conflict of interest

None declared.

References

[1] N. Takahashi, B. Nyvad, Caries ecology revisited: microbial dynamics and the caries
process, Caries Res. 42 (6) (2008) 409–418.

[2] E.K. Hansen, E. Asmussen, N.C. Christiansen, In vivo fractures of endodontically
treated posterior teeth restored with amalgam, Dent. Traumatol. 6 (2) (1990)
49–55.

[3] Y. Tanimoto, Dental materials used for metal-free restorations: recent advances and
future challenges, J. Prosthodont. Res. 59 (4) (2015) 213–215.

[4] A. Mallmann, L.B. Jacques, L.F. Valandro, P. Mathias, A. Muench, Microtensile
bond strength of light- and self-cured adhesive systems to intraradicular dentin
using a translucent fiber post, Oper. Dent. 30 (2005) 500–506.

[5] K. Bitter, H. Meyer-Lueckel, K. Priehn, J.P. Kanjuparambil, K. Neumann,
A.M. Kielbassa, Effects of luting agent and thermocycling on bond strengths to root
canal dentine, Int. Endod. J. 39 (2006) 809–818.

[6] C. Goracci, A.U. Tavares, A. Fabianelli, F. Monticelli, O. Raffaelli, P.C. Cardoso,
et al., The adhesion between fiber posts and root canal walls: comparison between
microtensile and push-out bond strengths measurements, Eur. J. Oral Sci. 112
(2004) 353–361.

[7] F. Zicari, E. Couthino, J. De Munck, A. Poitevin, R. Scotti, I. Naert, et al., Bonding
effectiveness and sealing ability of fiber-post bonding, Dent. Mater. 24 (2008)
967–977.

[8] K. Bitter, S. Paris, C. Pfuertner, K. Neumann, A.M. Kielbassa, Morphological and
bond strength evaluation of different resin cements to root dentin, Eur. J. Oral Sci.
117 (2009) 326–333.Ta

bl
e
4

Q
ua

lit
y
as
se
ss
m
en

t
of

in
cl
ud

e
st
ud

ie
s.

A
ut
ho

r
et

al
R
an

do
m
iz
at
io
n
of

te
et
h

C
ar
ie
s
fr
ee

te
et
h

Bl
in
di
ng

C
on

tr
ol

gr
ou

ps
Si
m
ila

r
di
m
en

si
on

sa
m
pl
es

A
ss
es
sm

en
t
of

fa
ilu

re
m
od

e
D
es
cr
ip
ti
on

of
co

effi
ci
en

t
of

va
ri
at
io
n

Sa
m
pl
e
si
ze

ca
lc
ul
at
io
n

R
is
k
of

bi
as

G
ar
ci
a
et

al
.[

22
]

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

G
ar
ci
a
et

al
.[

23
]

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

M
oh

am
m
ad

i
et

al
.[

24
]

Y
es

Y
es

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

Tu
nc

de
m
ir

et
al
.[

26
]

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

Ek
im

&
Er
de

m
ir

[2
7]

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

St
re
fe
zz
a
et

al
.[

28
]

Y
es

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

M
ed

iu
m

Y.F. AlFawaz and F.A. Alonaizan Photodiagnosis and Photodynamic Therapy 27 (2019) 111–116

115

http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0005
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0005
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0010
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0010
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0010
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0015
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0015
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0020
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0020
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0020
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0025
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0025
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0025
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0030
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0030
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0030
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0030
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0035
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0035
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0035
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0040
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0040
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0040


[9] P.H. D’Alpino, J.C. Pereira, N.R. Svizero, F.A. Rueggeberg, D.H. Pashley, Use of
fluorescent compounds in assessing bonded resin-based restorations: a literature
review, J. Dent. 34 (2006) 623–634.

[10] K. Bitter, S. Paris, J. Mueller, K. Neumann, A.M. Kielbassa, Correlation of scanning
electron and confocal laser scanning microscopic analyses for visualization of
dentin/adhesive interfaces in the root canal, J. Adhes. Dent. 11 (2009) 7–14.

[11] M. Vano, C. Goracci, F. Monticelli, F. Tognini, M. Gabriele, F.R. Tay, et al., The
adhesion between fibre posts and composite resin cores: the evaluation of micro-
tensile bond strength following various surface chemical treatments to posts, Int.
Endod. J. 39 (2006) 31–39.

[12] B.A. Gaston, L.A. West, F.R. Liewehr, C. Fernandes, D.H. Pashley, Evaluation of
regional bond strength of resin cement to endodontic surfaces, J. Endod. 27 (2001)
321–324.

[13] M. Ferrari, A. Vichi, S. Grandini, Efficacy of different adhesive techniques on
bonding to root canal walls: an SEM investigation, Dent. Mater. 17 (2001) 422–429.

[14] A. Vichi, S. Grandini, C.L. Davidson, M. Ferrari, An SEM evaluation of several ad-
hesive systems used for bonding fiber posts under clinical conditions, Dent. Mater.
18 (2002) 495–502.

[15] Z. Akram, T. Abduljabbar, F. Vohra, F. Javed, Efficacy of low‐level laser therapy
compared to steroid therapy in the treatment of oral lichen planus: a systematic
review, J. Oral Pathol. Med. 47 (1) (2018) 11–17.

[16] Z. Akram, S.A. Al-Shareef, U. Daood, F.Y. Asiri, A.H. Shah, M.A. AlQahtani,
F. Vohra, F. Javed, Bactericidal efficacy of photodynamic therapy against period-
ontal pathogens in periodontal disease: a systematic review, Photomed. Laser Surg.
34 (4) (2016) 137–149.

[17] Z. Akram, T. Hyder, N. Al-Hamoudi, M.S. Binshabaib, S.S. Alharthi, A. Hanif,
Efficacy of photodynamic therapy versus antibiotics as an adjunct to scaling and
root planing in the treatment of periodontitis: a systematic review and meta-ana-
lysis, Photodiagn. Photodyn. Ther. 19 (2017) 86–92.

[18] T. Abduljabbar, F. Javed, A. Shah, M.S. Samer, F. Vohra, Z. Akram, Role of lasers as
an adjunct to scaling and root planing in patients with type 2 diabetes mellitus: a
systematic review, Lasers Med. Sci. 32 (2) (2017) 449–459.

[19] Z. Akram, F. Javed, M. Hosein, M.A. Al‐Qahtani, F. Alshehri, A.I. Alzahrani,
F. Vohra, Photodynamic therapy in the treatment of symptomatic oral lichen
planus: a systematic review, Photodermatol. Photoimmunol. Photomed. 34 (3)
(2018) 167–174.

[20] Z. Akram, F. Vohra, F. Javed, Low‐level laser therapy as an adjunct to connective
tissue graft procedure in the treatment of gingival recession defects: a systematic
review and meta‐analysis, J. Esthet. Restor. Dent. 30 (4) (2018) 299–306.

[21] N. Mahmoodi, T. Hooshmand, S. Heidari, K. Khoshro, Effect of sandblasting, silica
coating, and laser treatment on the microtensile bond strength of a dental zirconia
ceramic to resin cements, Lasers Med. Sci. 31 (2) (2016) 205–211.

[22] L.D. Garcia, L.Z. Naves, L. Correr-Sobrinho, S. Consani, F.D. Pires-De-Souza, Bond
strength of a self-adhesive resinous cement to root dentin irradiated with a 980-nm
diode laser, Acta Odontol. Scand. 68 (2010) 171–179.

[23] F.L. Garcia, L.Z. Naves, A.P. Farina, C.M. Walker, S. Consani, C.F. Pires-de-Souza,
The effect of a 980 nm diode laser with different parameters of irradiation on the
bond strength of fiberglass posts, Gen. Dent. 59 (2011) 31–37.

[24] N. Mohammadi, S.S. Oskoee, M.A. Kahnamoui, M. Bahari, S. Kimyai,
S. Rikhtegaran, Effect of Er, Cr: YSGG pretreatment on bond strength of fiber posts
to root canal dentin using a self-adhesive resin cement, Lasers Med. Sci. 28 (1)
(2013) 65–69.

[25] D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, Prisma Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement, PLoS Med.
6 (7) (2009) e1000097.

[26] A.R. Tuncdemir, C. Yildirim, E. Ozcan, S. Polat, The effect of a diode laser and
traditional irrigants on the bond strength of self-adhesive cement, J. Adv.
Prosthodont. 5 (4) (2013) 457–463.

[27] S.N. Ekim, A. Erdemir, Effect of different irrigant activation protocols on push-out
bond strength, Lasers Med. Sci. 30 (8) (2015) 2143–2149.

[28] C. Strefezza, M.M. Amaral, J. Quinto Jr, S.C. Gouw-Soares, C.B. Zamataro,
D.M. Zezell, Effect of 830 nm diode laser irradiation of root canal on bond strength
of metal and fiber post, Photomed. Laser Surg. 36 (8) (2018) 439–444.

[29] L. Da Fonseca Roberti Garcia, L.Z. Naves, A.P. Farina, C.M. Walker, S. Consani,
F. De Carvalho Panzeri Pires-Desouza, The effect of a 980 nm diode laser with
different parameters of irradiation on the bond strength of fiberglass posts, Gen.
Dent. 59 (2011) 31–37.

[30] A. Bystrom, R. Claesson, G. Sundqvist, The antibacterial effect of camphorated
paramonochlorophenol, camphorated phenol and calcium hydroxide in the treat-
ment of infected root canals, Endod. Dent. Traumatol. 1 (1985) 170–175.

[31] F. Perez, P. Calas, A. de Falguerolles, A. Maurette, Migration of a Streptococcus
sanguis strain through the root dentinal tubules, J. Endod. 19 (1993) 297–301.

[32] W.A. Kennedy, W.A. Walker 3rd, R.W. Gough, Smear layer removal effects on apical
leakage, J. Endod. 12 (1986) 21–27.

[33] J.L. Gutmann, Adaptation of injected thermoplasticized gutta-percha in the absence
of the dentinal smear layer, Int. Endod. J. 26 (1993) 87–92.

[34] M.A. Souza, B. Pazinatto, K.F. Bischoff, H.S. Palhano, D. Cecchin, J.A. de
Figueiredo, Influence of ultrasonic activation over final irrigants in the removal of
photosensitizer from root canal walls after photodynamic therapy, Photodiagn.
Photodyn. Ther. 17 (2017) 216–220.

[35] M.A. Souza, L.V. Bonacina, R. Ricci, M.G. Rauber, N. Zuchi, I.P. Hoffmann,
K.F. Bischoff, J.L. Engelmann, H.S. Palhano, D. Cecchin, Influence of final irrigation
protocols and type of resin cement on bond strength of glass fiber posts in root
dentin previously treated with photodynamic therapy, Photodiagn. Photodyn. Ther.
26 (2019) 224–228.

[36] M.A. Souza, M.G. Rauber, N. Zuchi, L.V. Bonacina, R. Ricci, C.T. Dias, K.F. Bischoff,
J.L. Engelmann, H.S. Palhano, Influence of final irrigation protocols and endodontic
sealer on bond strength of root filling material with root dentin previously treated
with photodynamic therapy, Photodiagn. Photodyn. Ther. 26 (2019) 137–141.

[37] M. Ferrari, F. Mannocci, A ‘one-bottle’ adhesive system for bonding a fibre post into
a root canal: an SEM evaluation of the post-resin interface, Int. Endod. J. 33 (2000)
397–400.

[38] A. Vichi, S. Grandini, M. Ferrari, Comparison between two clinical procedures for
bonding fiber posts into a root canal: a microscopic investigation, J. Endod. 28
(2002) 355–360.

[39] J.A. Weichman, F.M. Johnson, Laser use in endodontics. A preliminary investiga-
tion, Oral Surg. Oral Med. Oral Pathol. 31 (1971) 416–420.

[40] E. Altundasar, B. Ozçelik, Z.C. Cehreli, K. Matsumoto, Ultramorphological and
histochemical changes after ER, CR:YSGG laser irradiation and two different irri-
gation regimes, J. Endod. 32 (2006) 465–468.

[41] S. Lin, D. Pan, Q. Lin, S. Yin, D. Chen, Q. Liu, L. Yu, Z. Lin, Evaluation of phase,
microstructure and composition of human dentine after Er,Cr:YSGG laser irradia-
tion, J. Nanosci. Nanotechnol. 11 (2011) 2421–2426.

[42] M. Esteves-Oliveira, C.A. de Guglielmi, K.M. Ramalho, V.E. Arana-Chavez, C.P. de
Eduardo, Comparison of dentin root canal permeability and morphology after ir-
radiation with Nd:YAG, Er:YAG, and diode lasers, Lasers Med. Sci. 25 (2010)
755–760.

[43] M. Radvar, T.W. MacFarlane, D. MacKenzie, C.J. Whitters, A.P. Payne, D.F. Kinane,
An evaluation of the Nd: YAG laser in periodontal pocket therapy, Br. Dent. J. 180
(2) (1996) 57.

Y.F. AlFawaz and F.A. Alonaizan Photodiagnosis and Photodynamic Therapy 27 (2019) 111–116

116

http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0045
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0045
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0045
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0050
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0050
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0050
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0055
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0055
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0055
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0055
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0060
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0060
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0060
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0065
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0065
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0070
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0070
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0070
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0075
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0075
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0075
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0080
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0080
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0080
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0080
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0085
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0085
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0085
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0085
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0090
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0090
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0090
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0095
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0095
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0095
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0095
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0100
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0100
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0100
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0105
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0105
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0105
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0110
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0110
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0110
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0115
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0115
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0115
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0120
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0120
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0120
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0120
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0125
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0125
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0125
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0130
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0130
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0130
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0135
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0135
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0140
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0140
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0140
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0145
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0145
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0145
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0145
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0150
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0150
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0150
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0155
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0155
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0160
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0160
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0165
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0165
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0170
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0170
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0170
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0170
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0175
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0175
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0175
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0175
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0175
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0180
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0180
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0180
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0180
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0185
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0185
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0185
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0190
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0190
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0190
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0195
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0195
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0200
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0200
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0200
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0205
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0205
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0205
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0210
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0210
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0210
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0210
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0215
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0215
http://refhub.elsevier.com/S1572-1000(19)30133-4/sbref0215

	Efficacy of phototherapy in the adhesive bonding of different dental posts to root dentin: A systematic review
	Introduction
	Materials and methods
	Study protocol
	Eligibility criteria
	Search strategy
	Data items and abstractions
	Quality assessment

	Results
	Search results
	General description of included studies
	Phototherapy parameters of the included studies
	Main outcomes of the studies
	Risk of bias across studies

	Discussion
	Conclusion
	Conflict of interest
	References




