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Does selective caries removal in combination with
antimicrobial photodynamic therapy affect the clinical
performance of adhesive restorations of primary or
permanent teeth? A systematic review with meta-analysis

Laís Veiga Faria*/ Thais de Oliveira Fernandes**/ Ludmila Silva Guimarães***
and Marlus Roberto Rodrigues Cajazeira****/ Leonardo Santos Antunes*****
and Lívia Azeredo Alves Antunes******

Antimicrobial photodynamic therapy (aPDT) is an adjunct to a selective caries removal (SCR)
technique for deep caries lesion treatment. The knowledge about chemical and structural changes
affecting the remaining dentin surface after the use of this therapy is still unknown. Objective:
to answer the following question: Does the SCR technique in combination with aPDT affect the
clinical performance of adhesive restorations in deep carious lesions of primary or permanent
teeth? Study design: a systematic review was conducted. Five databases, supplemented by trial
registers, google scholar, manual search, personal communications, and grey literature were
investigated. Randomized clinical trials were included. Two independent reviewers selected the
studies, extracted qualitatively the data, and evaluated the risk of bias (using Cochrane Collabo-
ration’s tooland Robot Reviewer program). The certainty of the evidence was accessed based on
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach.
A meta-analysis of comparable data was performed with RevMan software 5.3. Results: A total
of 39 articles and 3 studies were found. The final selection included 3 articles with a total of
82 participants. No studies were found on permanent teeth. The studies presented low risk of
bias. Considering the treatment in the experimental (SCR + aPDT) or control groups (SCR), no
difference on clinical performance of adhesive restorations in deep caries of primary teeth was
observed after 6 months (p = 0.78; CI −0.01 (−0.09, 0.07)) or 12 months (p =0.75; CI −0.02
(−0.12, 0.08)). All outcomes presented moderate certainty of evidence mainly due to the small
sample size that downgrade the GRADE scores. Conclusions: based on moderate certainty of the
evidence, the clinical use of aPDT as an adjuvant of SCR has potential indication for treatment in
deep caries of primary teeth. However, studies with more follow up and on permanent teeth are
missing with the necessity for further research.
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INTRODUCTION

Minimally invasive dentistry includes early diagnosis,
preventive care, and conservative treatment of car-
ious lesions, even when an invasive approach is re-

quired, to reduce tooth loss 1. Previous decade, the caries pro-
cess was better understood and added to it the improvements
in dental materials, have facilitated the provision of more con-
servative and less invasive treatments 1–3.
Deep carious lesions are characterized by a penetration

depth of three-quarters or more of the internal dentinal thick-
ness 4.Conservative techniques of caries removal, such as se-
lective caries removal (SCR) 5, and SCR combined with an-
timicrobial photodynamic therapy (aPDT) 6,7, have been in-
vestigated for the treatment of deep carious lesions. Consider-
able evidence has proven the efficacy of aPDT. This technique
reduces the number of microorganisms 6,8–10 preserves pulp vi-
tality and prevents caries progression 11. In the literature, the
success rates of minimally invasive techniques have been re-
ported 3,12–14. The systematics reviews respond to the chal-
lenge of an unmanageable amount of information by synthe-
sizing research-based evidence and it is presented as a method
to transform the information into an accessible format 15.
Although the effect of aPDT on carious dentin in human

models has already been evaluated in vitro studies, there is
no knowledge about any chemical and structural changes af-
fecting the remaining dentin surface 16,17. Therefore, using a
systematic reviewmethod this study aimed to evaluate the sci-
entific evidence of the treatment on deep carious lesions using
SCR or SCR in combination with aPDT on the clinical perfor-
mance of adhesive restorations of primary or permanent teeth.

METHOD
Outline of the question and project registration
in a systematic review database
The protocol of the current systematic review was es-

tablished before the initiation and registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) database (CRD42020151806) following prisma proto-
col 18.This systematic review was developed, conducted, fol-
lowing Cochrane methodological guidelines 19, and was de-
scribed following the Preferred Reporting Items for System-
atic Review and Meta-Analyses (PRISMA) 20.
The clinical question, structured using the population, in-

tervention, comparison, and outcome (PICO) framework, was
framed as follows: Does the SCR technique associated with
aPDT affect the clinical performance of adhesive restorations
in deep carious lesions of primary or permanent teeth?

Studies identification and studies selection
An extensive search of articles published until 02 Febru-

ary 2022 was performed to identify the studies that could
potentially answer the question asked. The databases con-
sulted were Medline via PubMed, Web of Science, Scopus,
Latin American and Caribbean Health Sciences Literature
(LILACS), and the Cochrane Library. Medical subject head-
ing (MeSH) terms and free terms were obtained on www.
ncbi.nlm.nih.gov/mesh/. Keywords were selected from

the DeCS—Health Sciences Descriptors on https://decs.
bvsalud.org/. Full search strategies, including used index
and free keywords and boolean operators (AND, OR), are pre-
sented according to the searched database in Table 1. Further-
more, to detect relevant unpublished manuscripts, conference
papers, doctoral dissertations, and other grey literature, Open-
Grey (http://www.opengrey.eu), Google Scholar (first
100 returns), and other available digital repositories (https:
//clinicaltrials.gov/). Finally, to ensure the inclu-
sion of significant studies that may not have been identified
through database and grey literature searches, a manual search
on the reference list of included studies and personal commu-
nications were done.
All obtained articles were saved in a reference management

software to remove duplicate articles. Two researchers (TOF
and LAA) independently evaluated all titles and abstracts,
considering the eligibility criteria. The agreement between
the authors was assessed (Kappa statistical index 0.90) was
determined. When the title and abstract were inconclusive,
the entire paper was read. In this selection, if there was a dis-
agreement of opinions, a third reviewer (LSA) was consulted
for consensus.
Randomized clinical trials with no restrictions on language

and data were included according to the PICO framework:
Population (P): Dentin carious lesions in primary or perma-

nent teeth
Intervention (I): SCR associated with aPDT
Comparison (C): SCR + aPDT vs. SCR
Outcomes (O): Effect on the clinical performance of adhe-

sive restorations
Articles reporting pain, case reports, results in extracted

teeth, outside theme, in-vitro studies, microscopic analysis,
perception, clinical trial protocols, and methods for diagnosis
were excluded.

Data Extraction
Two reviewers extracted the data. The agreement between

the reviewers (LVF and LAA) was assessed at this stage
(Kappa = 0.90), and any doubt was solved by consensus with
a third reviewer (MRRC), a specialist in the theme. The ex-
tracted data included author/year of publication/country; type
of study; evaluated teeth; the age of the participants; sam-
ple size; evaluated groups; materials used for the restora-
tions; methods used to assess treatment success; follow-
up duration; outcome; and success rate. We also collected
data on aPDT parameter: photosensitizer (concentration)/pre-
irradiation time, wavelength (nm), irradiation time, energy (J),
light source, fluence (J/cm2), power (W), irradiance (W/cm2),
and area (cm2).

Risk of bias in individual studies
For the evaluation of the risk of bias, two authors (LVF

and LAA) performed the evaluations independently (Kappa
= 0.90) using the Cochrane Collaboration’s tool 19 and Robot
Reviewer program (https://www.robotreviewer.net/).
Any divergence was resolved by a third reviewer (LSA). The
Cochrane Collaboration’s tool 19 presents five domains classi-
fied as low (+), high (−), or uncertain (?) risk of bias.
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Effect measures, synthesis methods and report-
ing bias assessment
The random-effects model was adopted 21. The calcula-

tions and Forest plots were performed with RevMan 5.3 (Re-
view Manager (RevMan), V.5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014). ob-
taining Confidence interval (CI) and considering p < 0.05.
Dichotomous data were obtained from all studies. The exper-
imental group (SCR + aPDT) versus the control group (SCR)
was analyzed. The subgroup analysis included the photosen-
sitizer used (methylene blue) and follow-up duration (6 and
12 months).
In cases of covariables influencing in the stability of the

main outcomes, sensibility analysis or meta-regression was
planned. The publication bias was planned to be assessed by
analyzing funnel plot outcome.

Certainty of the evidence
Two reviewers (LSG and LAA) independently evaluated

(Kappa = 0.80) the certainty in the estimates of effects. Ac-
cording to GRADE (Grading of Recommendations Assess-
ment, Development and Evaluation), each domain is classi-
fied as not serious, serious, or very serious. Clinical studies
domains evaluated were: risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias. Finally, the certainty
of the evidence is classified as low, moderate, or high 22.

RESULTS
Studies identification and studies selection
A flowchart of the studies selection of this systematic re-

view is presented in Fig. 1. Initially, 42 studies were found:
24 on PubMed, 05 in Web of Science, 07 in Scopus, 03 in
Cochrane Library, none in LILACS and 03 registered trials
were found. No article was included from the manual search,
google scholar, grey literature, or personal communication.
After exclusion of duplicate studies, 30 studies prevailed. Af-
ter analyzing the titles and abstracts, 27 studies were excluded,
resulting 03 studies eligible.

Data Extraction
The three included studies were performed in Brazil

and they were randomized controlled trials. Alves et
al 10conducted a split-mouth study. Steiner-Oliveira et
al 8analyzed the effect of the treatments and clinical and ra-
diographic signs of failure in the restoration; however, they
did not explain the method used for this analysis. Alves et
al 10evaluated the failure in the restoration using the United
States Public Health Service (USPHS) method that analyzes
marginal discoloration, retention, color and secondary caries.
Faria et al 23used the Fédération Dentaire Internationale (FDI)
criterion. Considering the time of follow-up, Steiner-Oliveira
et al 8 followed the patients for 6 and 12 months after treat-
ment, Alves et al 10 for 6 months, and Faria et al 23 for 7 days,
6 months, and 12 months (Table 2).
Table 2 illustrates the clinical patterns of the three stud-

ies 8,10,23. It was observed that the age groups were similar,
varying between 4 and 10 years; the number of participants

ranged from 20 to 32, and the same teeth (primary molars)
were analyzed. The material used after SCR with or with-
out aPDT was resin-modified glass ionomer cement 8and cal-
cium hydroxide cement + glass ionomer + composite resin
and glass ionomer cement + composite resin cavities 10and
only composite resin 23. In the results of individual studies,
all of them did not present difference between the experimen-
tal (SCR + aPDT) and control (SCR) groups. The success rate
was 100%, according to Alves et al 10 and Steiner-Oliveira et
al 8and 81.2%, according to Faria et al 23 (Table 2).
According to the used protocol for aPDT, as shown in Ta-

ble 3, the wavelength was similar in the three articles (660
nm). All three studies 8,10,23 used the methylene blue photo-
sensitizer (MB); however, Steiner-Oliveira et al 8 also used
toluidine blue (TB) in Group 2. MB was applied for the same
duration (5 minutes) in the three studies 8,10,23.However, the
MB concentration was different in the studies: 0.01% 8,23 and
0.005% 10. The irradiation times were also different: 90 sec-
onds 8,23 and 180 seconds 10. The energy was reported only
in two articles 8,23. The fluence for the aPDT + MB protocol
were different: 320 J/cm2 8,640 J/cm2, 10and 300 J/cm2 23. All
studies used the same power (100 mW) 8,10,23.

Risk of Bias in individual studies
The studies 8,10,23 showed no risk of bias. In all three studies,

blinding of the involved patients and professionals could not
be performed due to the type of intervention (Item 3). Hence,
it was considered not applicable (NA). In cases of doubt, the
authors of the studies were contacted (Table 4).

Meta-analysis and the certainty of evidence
In terms of treatment, in the experimental (SCR + aPDT)

and control groups (SCR), no difference was observed be-
tween the groups after 6 months of follow-up (p = 0.78; CI
[confidence interval] -0.01-0.09, 0.07)) (Fig. 2). Addition-
ally, no difference was observed after 12 months (p = 0.75;
CI −0.02 (−0.12, 0.08)) (Fig. 3).
In terms of the used photosensitizer (MB), no difference

was observed after 6months (p = 0.76; CI −0.01 (−0.10, 0.07))
(Fig. 4) and 12 months (p = 0.71; CI −0.02 (−0.14, 0.09))
(Fig. 5).
This study did not have as many covariables to perform

the meta-regression or sensitivity analysis 24. Publication bias
cannot be assessed once there were no subgroup analyses with
at least 10 studies included in the meta-analysis 25.
The certainty of the evidence was moderate, since in two

studies, the sample sizes were small and could not be con-
sidered representative because of the method of sample size
calculation used in both articles 8,10. In these articles, the as-
sessments were divided in microbiological and clinical stages,
and sample calculation was based on microbiological reduc-
tion and not on the restorations success rate (Table 5).
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Figure 2: Evaluation of the groups according to the number of successful treatments after the 6-month
period. CI: confidence interval.

Figure 3: Evaluation of the groups according to the number of successful treatments after the 12-month
period. CI: confidence interval.

Figure 4: Evaluation of treatment success taking into account the photosensitizer (methylene blue) after
6-months period. CI: confidence interval.

Figure 5: Evaluation of treatment success taking into account the photosensitizer (methylene blue) after
12-months period. CI: confidence interval.

Table 4: Risk of Bias in the selected studies.

1. Random
sequence
generation

2. Allocation
concealment

3. Blinding of
participants and

personnel

4. Blinding of
outcome
assessment

5. Incomplete
outcome data

6. Selective
reporting

Steiner-Oliveira et
al., (2015)

+ + NA + + +

Alves et al., (2019) + + NA + + +
Faria et al., (2022) + + NA + + +
Note: Yes (+)—low risk of bias; No (−)—high risk of bias: (?) Unclear; NA: not applicable.
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DISCUSSION
This systematic review detected three randomized clinical

studies that investigated the failure of restorations after SCR
with aPDT. Of them, two studies performed the clinical ob-
servation of a reduction in the number of microorganismsand
longitudinal follow-up of restorations 8,10. The other random-
ized clinical trial performed only the follow-up of restora-
tions 23. Steiner-Oliveira et al 8 and Faria et al 23evaluated
SCR in combination with aPDT in longitudinal follow-up (6
and 12 months), but Alves et al 10 evaluated a period of 6
months only. The 03 studies used primary teeth and no study
was found in permanent teeth.
Various in-vitro studies have simulated the use of compos-

ite resin bonded to carious dentin using aPDT. One study 16
analyzed the shear bond strength (adhesive bond integrity) of
composite resin bonded to carious dentin using aPDT in com-
bination with MB. The lowest bond strength was observed in
Group of aPDT on infected dentin. Another in vitro study 17

evaluated the effect of different photosensitizers activated by
aPDT on the shear bond strength of composite resin to caries-
affected dentin compared to conventional disinfectants such
as chlorhexidine. All the tested photosensitizers (MB, cur-
cumin, and indocyanine green) activated by aPDT demon-
strated acceptable shear bond strength. Curcumin demon-
strated the highest shear bond strength. Therefore, in vivo
studies are required to detect changes in dentinal surfaces af-
ter aPDT. Hence, it is important to evaluate the longevity of
these restorations, as long-term effects of aPDT on the tooth
substrate submitted to the procedure in clinical studies have
not been analyzed, as proposed in this study. Based on the
results of these in vitro studies, we suggest that clinical exper-
iments should be performed to assess the influence of other
photosensitizers on restoration longevity.
From the included articles, Steiner-Oliveira et al 8 followed

the restorations to determine the level of clinical and radio-
graphic success as well as the presence of failure in the reten-
tion of restorations (the author did not use any specific criteria
described in the literature). Alves et al 10 used the modified
USPHS criterion to assess retention, presence of secondary
caries, marginal discoloration/adaptation, and color. Faria et
al 23 used the FDI criteria to evaluate the biological, esthetic,
and functional properties of the restorations. Therefore, this
meta-analysis was performed by comparing the treated groups
(with and without aPDT) for restorative failure. Regardless
of the method used to detect the restoration failure, all studies
evaluated the use of SCR in combination with aPDT.
Although the follow-up period did not influence the treat-

ment groups in the meta-analysis, this duration of clinical
follow-up (6 and 12 months) can be considered a limitation
in these studies. For deciduous teeth, the follow-up duration
was adequate due to its short period on the oral cavity, but
long-term follow-up studies are required for permanent teeth.
Another point important to highlight is about the diversity of
laser or LED light and photosensitizer protocols. In the in-
cluded studies, the time of irradiation and dose varied. De-
spite using different parameters in all studies 8,10,23, the use of
aPDT presented satisfactory restoration retention. However,
further studies evaluating the influence of these parameters
can be done to evaluate this influence.

Considering the photosensitizer, only one study 8 included
two groups with different photosensitizers (MB and TB).
Therefore, this meta-analysis basically assessed the use ofMB
as a photosensitizer. The MB concentration was different in
the studies: 0.01% 8,23and 0.005% 10. However, in both stud-
ies, the incidence of failure was low. Other photosensitiz-
ers, which also lead to a reduction in the microorganisms, are
also used with aPDT, as presented in a systematic review 6.
However, more studies are necessary to detect the influence
of other photosensitizers on restoration retention.
The certainty of evidence (GRADE) was influenced by the

limited sample size of the studies. This was primarily a con-
cern of the two published studies 8,10. As highlighted previ-
ously, both studies 8,10 were structured into two stages: micro-
biological and clinical analyses. Thus, the sample size calcu-
lation shown in the articles was based only on microbiological
analysis, whichmay have led to a sample bias. Ideally, the cal-
culation should have been based on studies that detected the
clinical efficacy, as performed in other studies 3,5,23. In this
way, the sample size would have been more reliable and rep-
resentative of the expected outcome (clinical efficacy).
This systematic review controlled the risk of bias since it

followed on the PRISMA guidelines 18. The degree of con-
fidence in the results of the review was high. The search
was done in several databases. The eligibility criteria, data
extraction, risk of bias and GRADE were performed by two
researchers. In addition, evaluation instruments established
in the literature (risk of bias using the Cochrane Collabora-
tion’s tool and RobotReviewer) assessed the risk of bias in the
studies. The limitation of this study would be articles related,
because none of them showed negative results; thus, empha-
sizing that the clinical protocol could have been biased. Con-
sidering the number of studies included in the meta-analysis
not have any restriction for number. In the literature we found
some meta-analysis with just two studies however, more stud-
ies mean that the meta-analysis have more power and is more
exact and reliable. Despite of it, this review is extremely im-
portant, because the results enable future authors to delineate
their studies aggregating adequate results and revealing the
best possible scientific evidence.
Another limitation that we can point relates to the few stud-

ies. The risk of publication bias across studies was also not
assessed, as it can be assessed only when at least 10 studies
are included in the meta-analysis 24.
Minimal invasive treatment in cavitated or non-cavitated

teeth can be considered a rational method for the treatment
of caries and should be advocated at public, private, and
educational levels. The patient should also be informed of
the advantages of these techniques compared to traditional
restorative procedures. Currently, the techniques for SCR in-
clude the use of Carisolv and atraumatic restorative treatment,
and various systematic reviews have proven their effective-
ness 12,14. SCR is particularly advantageous in deep carious
lesions, since it significantly reduces the risk of pulp expo-
sure compared to total caries removal 2,5.The use of aPDT as
an adjuvant technique can provide a conservative treatment
for caries. This is due to its antibacterial property, which pro-
vides a virtually total reduction of microorganisms in decayed
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dentin, where it can be preserved and consequently prevent
pulp exposures. Therefore, the association of aPDTwith SCR,
which completely removes caries from the dentin walls in or-
der to adhere to the restorative material, is suggested as an as-
sociation that preserves the tooth structure during caries treat-
ment, according to the current principles of minimal interven-
tion dentistry.
The success of the adhesive restoration presented in this re-

view is additional information that indicates that the associa-
tion of SCR + aPDT techniques can be used successfully in
clinical practice, but these results should be interpreted with
caution due to the small number of published studies and the
moderate certainty of the evidence. To date, several studies
have been conducted on primary teeth, but research on per-
manent teeth must be carried out to delineate the quality and
safety of aPDT.

CONCLUSIONS
The meta-analysis observed that the use of aPDT as an ad-

juvant has a strong potential for clinical use. However, a
database of clinical studies is limited presenting moderate cer-
tainty of the evidence. Therefore, the resulting conclusions are
limited confirmatory and only available for primary teeth at all
what leads to limited significance of the information provided
by the investigation.
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