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a  b  s  t  r  a  c  t

Background:  The  aim of the  present  systematic  review  was  to assess  the  efficacy  of  antimicrobial  photo-
dynamic  therapy  (aPDT)  in the  disinfection  of  acrylic  denture  surfaces.
Methods:  IN order  to address  the  focused  question:  “Is  aPDT  more  effective  in decontaminating  denture
surfaces  compared  with  traditional  denture-disinfection  techniques?”  an  electronic  search  without  time
or language  restrictions  was  conducted  up  to November  2016 in indexed  databases  using different  key
words.  The  exclusion  criteria  included  qualitative  and/or  quantitative  reviews,  case  reports,  case  series,
commentaries,  letters  to the  editor,  interviews,  and  updates.
Results:  A  total  of 14  studies  were  included  and  processed  for data  extraction,  out  of  which  1  study  was
a  randomized  clinical  trial and  13  studies  were  performed  in  vitro.  Results  from  12  experimental  studies
reported  that  aPDT  was  effective  in reducing  bacteria  and/or  yeast  cultured  in  single or  multispecies
biofilm  growth  on  acrylic  resin  specimens.  One  experimental  study  reported  selective  microorganism
reduction  on  acrylic  resin  after  aPDT.  One  clinical  randomized  control  trial  reported  that  aPDT  pre-

sented  similar  microorganism  reduction  compared  with  oral  antifungal  medication  for  the  disinfection
of  denture  surfaces.
Conclusion: The  role  of aPDT  in the  disinfection  of  acrylic  resin  surfaces  is  unclear.  From  a  clinical  per-
spective  further  randomized  control  trials  are  needed  to  assess  the  efficacy  of aPDT  in  the disinfection  of
acrylic resin  surfaces.
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. Introduction

Dentures are commonly used for the oral rehabilitation
f partially and completely edentulous individuals. Polymethyl
ethacrylate (PMMA), commonly known as acrylic resin, has been

sed traditionally as base material for the fabrication of remov-
ble dentures [1]. However, bacteria and yeast (commonly found
n the oral biofilm) can colonize the denture surfaces, which if
eft untreated may  cause oral mucosal inflammation [2,3]. This
s commonly observed in patients with ill-fitting dentures and
oor oral hygiene status [4–6]. Moreover, it has been reported that
entures can serve as a reservoir for pathogenic microbes, such
s Haemophilus influenzae B, and Pseudomonas aeruginosa, which
ight increase the risk of developing aspiration pneumonia [7].

A variety of methods have been proposed for the disinfection of
enture surfaces. These include the use of disinfectants solutions
sodium hypochlorite, alkaline glutaraldehyde, povidine-iodine),
ntiseptic mouthwashes (chlorhexidine) and microwave disinfec-
ion; however, such techniques may  result in complications such as,
enture bleaching or staining, soft tissues irritation and jeopardize
he mechanical properties of the denture (flexural strength, linear
tability and elastic modulus) [1,3,4,8–10]. Antimicrobial photody-
amic therapy (aPDT) is a modern disinfection protocol that has
een used to disinfect dental implants and teeth surfaces [11–14].
PDT involves interactions between a light source (630–880 wave-
ength) and a photosensitizer such as methylene blue and toluidine
lue, the resulting reaction produces reactive oxygen species that
ave a bactericidal effect [15]. To our knowledge from indexed

iterature a limited number of studies [16–29] have assessed the
fficacy of aPDT in disinfecting denture surfaces. Zoccolillo et al.
29] reported that aPDT was more effective in reducing Strepto-
occus mutans biofilm grown on acrylic specimens compared with
hemical disinfectants (dimethyl sulfoxide). Similarly, Pereira et al.
22] showed that aPDT using erythrosine is effective in reducing
he counts of Candida species cultures and biofilm from denture
urfaces. Similar results were reported by Vilela et al. [27] and Vla-
ova et al. [28] However, conflicting results has also been reported.

n the study by De Freitas-Pontes et al. [16] aPDT was ineffective
n reducing the count of microbes from denture surfaces compared

ith chemical disinfection (ethylene oxide gas).
With this background, the aim of the present systematic review

as to assess the efficacy of aPDT in the disinfection of acrylic
enture surfaces.
. Material and methods

.1. Focused question

The Preferred Reporting Items for Systematic Reviews and Meta-
nalyses (PRISMA) guidelines were used to conduct this systematic
 .  .  .  .  . . . .  . .  .  . . . . . .  .  . . . . . .  . . . . .  . . .  . . . .  . . .  . . . . .  . . . .  .  . . . .  . .  . . .  .  .  .  . . .  .  .  . . . . . .  . . .  109

review [30]. The addressed focused question was “Is aPDT more
effective in decontaminating denture surfaces compared with tra-
ditional denture-disinfection techniques?”

2.2. Eligibility criteria

Eligibility criteria comprised of the following: (a) original stud-
ies; (b) laboratory (in vitro) and experimental (animal models)
studies; (c) clinical studies; (d) presence of control group; (d) inter-
vention: evaluating efficacy of aPDT in the disinfection of denture
surfaces and/or biofilm growth on acrylic resin specimens. The
exclusion criteria included qualitative and/or quantitative reviews,
case reports, case series, commentaries, letters to the editor, inter-
views, and updates.

2.3. Literature search protocol

The international database of Prospectively Registered Sys-
tematic Reviews in Health and Social Care (PROSPERO) and the
Cochrane Register of Systematic Reviews were searched (SVK) in
October 2016, and presented no existing or current review proto-
cols assessing the efficacy of aPDT in the disinfection of denture
surfaces and/or biofilm growth on acrylic resin specimens. In order
to identify studies relevant to the focused question, two  authors
(SVK and TVK) conducted a structured and logical electronic search
without time or language limitations up to November 1st 2016
in PubMed (National Library of Medicine), Google-Scholar, Scopus,
EMBASE, MEDLINE (OVID) and Web  of Knowledge databases. The
following Medical Subject Headings (MeSH) were used: (1) pho-
tochemotherapy, (2) dentures, (3) acrylic resins, and (4) denture
stomatitis. Other related non-MeSH terms were used in the search
strategy to detect additional articles. These included: (5) photody-
namic therapy and (6) acrylic. These keywords were used in the
following combinations: (a) 1 or 5; and 2; (b) 1 or 5; and 3; (c) 1 or
5; and 4; (d) 1 or 5; and 6.

To minimize the potential for reviewer bias, titles and abstracts
of studies identified using the above-described protocol were inde-
pendently screened by 2 reviewers (SVK, and TVK) and checked
for agreement. Full-texts of studies judged by title and abstract to
be relevant were read and independently evaluated for the stated
eligibility criteria. Reference lists of original studies were hand
searched to identify any articles that could have been missed dur-
ing the initial search. Hand searching of the following journals was
performed: Journal of Prosthetic Dentistry, Clinical Oral Investiga-
tion, Journal of Prosthodontics, Lasers in Medical Science, Journal of

Photochemistry and Photobiology, and Photodiagnosis and Photo-
dynamic Therapy. Any disagreements in the study selection were
resolved via discussion and consensus. Cohen’s kappa value [31]
was used to determine the inter-reviewer reliability between the 2
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eviewers. The kappa coefficient for inter-reviewer agreement was
.84.

.4. Quality assessment

In an attempt to increase the strength of the present systematic
eview a quality assessment of studies included was performed. The
5 studies included underwent a quality assessment with the Crit-

cal Appraisal Skills Program (CASP) guidelines [32]. The CASP tool
ses a systematic approach based on 12 specific criteria: 1) Study

ssue is clearly focused (aPDT efficacy in acrylic resin surfaces disin-
ection); 2) Cohort is recruited in an acceptable way; 3) Exposure is
ccurately measured; 4) Outcome is accurately measured. 5) Con-
ounding factors are addressed; 6) Follow-up is long and complete;
) Results are clear; 8) Results are precise; 9) Results are credible;
0) Results can be applied to the local population; 11) Results fit
ith available evidence; and 12) There are important clinical impli-

ations. Each criterion was given a response of either “Yes”, “No”,
r “cannot tell”. Each study could have a maximum score of 12.

. Results

.1. Study selection

Two hundred fifteen potential articles were initially identified,
ut of which 214 were identified thru electronic database searching
nd 1 study with hand searching. After title and abstract screening
97 publications, which did not fulfill the eligibility criteria were
xcluded. In the second step, 4 more articles were excluded because
id not answer the focused question, aPDT was applied only in
he palatal mucosa or reported a case-series. A total of 14 stud-
es [16–29] were included in the present systematic review and
rocessed for data extraction (Fig. 1), out of which, 1 study [20]
as a randomized clinical trial and 13 studies [16–19,21–29] were

erformed in vitro.

.2. Experimental studies

.2.1. General characteristics of the studies included
Nine studies [16–19,21,26–29] assessed the efficacy of aPDT

n single-species biofilm growth on acrylic resin. In 4 studies
17,21,27,29] the potential of aPDT was assessed on biofilm-
ssociated cultures of S. mutans on denture acrylic surfaces.
eduction of biofilm formed on acrylic specimens by S. aureus
r P. aeruginosa after aPDT irradiation was assessed in 4 studies
16,18,27,28] and 3 studies [16,18,28], respectively. Mima  et al.
19] fabricated and inoculated 34 dentures with strains of C. albi-
ans, C. glabrata, C. tropicalis, C. dubliniensis and C. krusei,  to evaluate
he effectiveness of aPDT for the inactivation of different species of
andida on maxillary complete dentures. Four studies [16,26,28,33]
ssessed C. albicans viability on acrylic resin samples after aPDT
rradiation. Two studies [16,27] assessed the efficacy of aPDT on
he viability of single biofilms formed by E. coli in acrylic discs.

antareva et al. [18] and Pereira et al. [21] studied the specific
ffects of aPDT on the viability of E. faecalis and S. sanguinis on acrylic
pecimens, respectively.

Two studies [24,25] evaluated the effectiveness of aPDT applica-
ion against a multispecies biofilm formed by C. albicans, C. glabrata,
nd S. mutans on acrylic resin specimens. Pereira et al. [22] assessed
he potential of aPDT on planktonic culture, biofilms and virulence
actors of Candida strains (C. albicans, C. glabrata, C. tropicalis, C.

ubliniensis) isolated from individuals wearing removable maxil-

ary prostheses with DS. One study [23] reported the specific effects
f aPDT on the viability of single, dual and three species biofilms
ormed by C. albicans, S. aureus,  and/or S. mutans.
hotodynamic Therapy 17 (2017) 103–110 105

3.2.2. Laser parameters
In 10 studies [16,18,19,21,22,24–26,28,29] diode lasers with

wavelengths ranging between 435 nm and 667 nm were used.
Three studies [17,23,27] used InGaAlP laser with a 660 nm wave-
length. In eleven studies [17,19,21–29] duration of laser application
per acrylic specimen ranged between 90 s and 26 min. De Freitas-
Pontes et al. [16] and Mantareva et al. [18] did not report the acrylic
surfaces irradiation time. In 12 studies [16–19,21–24,26–29] a sin-
gle aPDT session was applied at baseline. Quishida et al. [25] applied
a single aPDT session or 3 consecutive aPDT applications with inter-
vals of 20 min  (Table 2).

3.2.3. Photosensitizer parameters
Methylene blue, toluidine blue and malachite green with con-

centrations ranging between 37.5 �M and 3000 �M were applied
as photosensitizer in 5 studies [16,18,23,26,27], 2 studies [17,27]
and 1 study [27], respectively. One study [25] used a deriva-
tive of chlorine (Photodithazine

®
) with concentrations ranging

between 175 mg/ml  and 200 mg/ml. Vlahova et al. [28] studied
the efficacy of water-soluble phthalocyanine complexes (gal-
lium, zinc and silicon) as photosensitizers for the disinfection of
acrylic surfaces. Mantareva et al. [18] investigated the efficacy of
visible light-absorbing cationic water-soluble gallium phthalocya-
nines peripherally substituted with four or eight methylpyridyloxi
groups, zinc phthalocyanine and methylene blue with concentra-
tions ranging between 3 �M and 6 �M.  One study [24] evaluated
the potential of curcumin-mediated aPDT on multiple species
biofilm on acrylic samples. Two  studies [21,22] applied erythrosine
with concentrations ranging between 5 �M and 400 �M as photo-
sensitizer. Porphyrin derivatives and protoporphyrin IX were used
in 2 studies [19,29] and 1 study [26], respectively. Pereira et al.
[21] evaluated the effects of aPDT using Rose Bengal (5 �M).  In
12 studies [17–19,21–29] the photosensitization period prior laser
application ranged between 5 min  and 90 min. In one study [16] the
pre-irradiation photosensitization time was  not reported (Table 3).

3.2.4. Main outcomes
In 9 studies [17–19,21,23,26–29], aPDT was effective reduc-

ing single-species biofilm growth on acrylic surfaces. Four studies
[22–25] reported that aPDT resulted in microorganism colony-
forming units (CFU) reduction on multispecies biofilm. One study
[16] reported that aPDT was  effective in reducing E.coli count, but
ineffective reducing other species such as C. albicans and S. mutans.
Quisihida et al. [25] reported that 3 consecutive applications of
aPDT were more effective reducing cell viability and total biomass
compared with a single aPDT application.

3.2.5. Quality assessment
Quality score of the experimental studies [16–19,21–29] ranged

from 8 to 9. Quality assessment identified that in general, expo-
sure and outcome were adequately performed in these studies
[16–19,21–29]. The most common limitation was the short term
and incomplete follow-up of the experimental groups. Further-
more, as all studies [16–19,21–29] were performed in vitro, the
application of these results to human population is still limited.
Thus, on average, the quality of included experimental studies
[16–19,21–29] on the efficacy of aPDT on the disinfection of acrylic

resin surfaces was  good, limitations of short term follow up and
lack of clinical studies limit the application of these study outcomes
in clinical practice. Quality assessment of the individual papers is
summarized in Table 4.
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Table 1
General characteristics of included studies.

Experimental  studies

Authors  et  al.  (Region  of  study  and  year) Microbes  investigated Intervention  Study  groups Outcome

De  Freitas-Pontes  et  al.  [16]
(Brazil,  2014)

S.  mutans,  S.  aureus,  E.  coli,  P.  aeruginosa,
C. albicans  strains

Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS + PDT  10  J/cm2

Group  3:  PS + PDT  30  J/cm2

Group  4:  PS
Group  5:  PDT  10  J/cm2

Group  6:  PDT  30  J/cm2

Group  7:  Ethylene  oxide  gas

aPDT  reduced  E.  coli  counts  only

De Sousa  Farias  et  al.  [17]
(Brazil,  2016)

S.  mutans  strains  Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  0.9%  NaCl
Group  2:  0.12%  CHX
Group  3:  PS + PDT  320  J/cm2

Group  4:  PS + PDT  640  J/cm2

aPDT  and  CHX  presented  similar  levels  of  denture
disinfection

Mantareva et  al.  [18]
(Bulgaria,  2011)

MRSA,  E.  faecalis,  C.  albicans  and  P.
aeruginosa  strains

Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PDT
Group  4:  PS + PDT

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Mima et  al.  [19]
(Brazil,  2011)

C.  albicans,  C.  glabrata,  C.  tropicalis,  C.
dubliniensis  and  C.  krusei  strains

Single-species  biofilm  growth  on  dentures Group  1:  Control
Group  2:  PDT  only
Group  3:  PS only
Group  4:  PS + PDT

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Pereira et  al.  [23]
(Brazil,  2011)

C.  albicans, S.  aureus,  and  S.  mutans
strains  and  suspension

Single-species  and  multispecies  biofilm  growth  on
acrylic resin  specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PS + PDT
Group  4:  PDT  only

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Pereira et  al.  [21]
(Brazil,  2013)

S.  mutans  and  S.  sanguinis  strains  Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PDT  only
Group  3:  PS + PDT

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Pereira et  al.  [22]
(Brazil,  2015)

Cultures  of C.  albicans,  C.  glabrata,  C.
tropicalis and  C.  dubliniensis  from
patients  with  denture  stomatitis

Single-species  and  multispecies  biofilm  growth  on
acrylic resin  specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PS + PDT
Group  4:  PDT  only

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Quishida et  al.  [25]
(Brazil,  2015)

C.  albicans,  C.  glabatra,  and  S.  mutans
suspension

Multispecies  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PS + PDT
Group  4:  PDT  only

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Quishida et  al.  [24]
(Brazil,  2016)

C.  albicans,  C.  glabrata,  CS.  mutans
suspension

Multispecies  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PDT  only
Group  4:  PS 80  �M  + PDT
Group  5:  PS 100  �M  +  PDT
Group 6:  PS 120  �M  + PDT

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Sousa et  al.  [26]
(Brazil,  2016)

C.  albicans  strains  Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS only
Group  3:  PS + 120  s  PDT
Group 4:  PS + 240  s  PDT
Group 5:  PS + 480  s  PDT
Group 6:  PS + 600  s  PDT

Compared  with  PPIX,  aPDT  was  more  effective  in
reducing the  microbial  counts  when  MB  was  used
as  PS.

Vilela et  al.  [27]
(Brazil,  2012)

S.  aureus  and  E.  coli  strains  Single-species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  PS only
Group  2:  PDT  only
Group  3:  PS + PDT

Compared  with  MB  and  TB,  aPDT  was  more
effective  in  reducing  the  microbial  counts  when
MG was  used  as  PS.

Vlahova et  al.  [28]
(Bulgaria,  2012)

MRSA,  C.  albicans  and  P.  aeruginosa
strains

Single  species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  0.5%  NaOCl  solution
Group 3:  NaHCO3 tablets
Group  4:  PS ZnPc1  +  PDT
Group  5:  PS SiPc1  + PDT
Group  6:  PS GaPc1  +  PDT

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Zoccolillo et  al.  [29]
(USA,  2016)

S.  mutans  strains  Single  species  biofilm  growth  on  acrylic  resin
specimens

Group  1:  Control
Group  2:  PS only
Group  3:  Dimethyl  Sulfoxide
Group 4:  PS +PDT  15  J/cm2

Group 5:  PS +PDT  30  J/cm2

Group  6:  PS +PDT  45  J/cm2

aPDT  was  effective  in  reducing  microbial  counts  in
acrylic surfaces

Clinical studies

Authors  et  al.  (Region  of  study  and  year)  Subjects  Intervention  Study  groups  Outcome

Mima  et  al.  [20]
(Brazil,  2012)

40  patients Treatment  of  denture  stomatitis Group  1:  PS + PDT
Group  2:  Nystatin  suspension  rinses.

Antimicrobial  effects  of  aPDT  and  nystatine  gel
were comparable

PS: photosensitizer PDT: photodynamic therapy S. mutans: Streptococcus mutans MRSA:Methicillin-resistant S. aureus.
E.  coli: Escherichia coli P. aeruginosa: Pseudomonas aeruginosa C. albicans: Candida albicans C. krusei: Candida krusei.
C.  glabrata: Candida glabrata C. tropicalis: Candida tropicalis C. dubliniensis: Candida dubliniensis J: joules.
CFU:  colony forming-unit ER: erythrosine PDZ: photodithazine PPIX: protoporphyrin IX MB: methylene blue.
NaOCl: sodium hypochlorite NaHCO3: sodium bicarbonate GaPc1: gallium phthalocyanine E. faecalis: Enterococcus faecalis.
ZnPc1:  zinc phthalocyanine SiPc1: silicon phthalocyanine TB: toluidine blue MG: malachite green.
S.  sanguinis: Streptococcus sanguinis RB: Rose Bengal NaCl: sodium chloride CHX: chlorhexidine digluconate.



S. Varela Kellesarian et al. / Photodiagnosis and Photodynamic Therapy 17 (2017) 103–110 107

Fig. 1. Article selection flow chart for the systematic review according to PRISMA guidelines.

Table 2
Laser parameters.

Authors et al. Source Wavelength
(nm)

Power output
(mW)

Power density
(mW/cm2)

Energy fluence
(J/cm2)

Duration of laser
application
(minutes)

Number of
applications
(Time interval)

Experimental
De Freitas-Pontes et al.

[16]
LED 530–652 150 NA 10 and 30 NA 1

De  Sousa Farias et al.
[17]

InGaAlP laser 660 100 NA 320 or 640 90 and 180 s 1

Mantareva et al. [18] LED 635 NA 60 50 NA 1
Mima  et al. [19] LED 440–460 NA 24 37.5 26 1
Pereira  et al. [23] InGaAlP laser 660 100 NA 350 98 s 1
Pereira  et al. [21] LED 455 ± 20 200 526 95 3 1
Pereira  et al. [22] LED 532 ± 10 90 237 42.63 3 1
Quishida et al. [25] LED 660 NA 71.7 37.5 9 1 or 3 (20 min)
Quishida et al. [24] LED 440–460 NA 22 37.5 20 1
Sousa  et al. [26] LED MB:  660

PPIX: 630
MB: 808
PPIX: 777

MB:  285
PPIX: 275

MB:  34–171
PPIX: 33–165

2, 4, 8 and 10 1

Vilela  et al. [27] InGaAlP laser 660 100 105 20 188 s 1
Vlahova  et al. [28] LED 635 NA NA NA 10 1
Zoccolillo et al. [29] LED 664 ± 3 1700 150 15, 30 and 45 100, 200 and 300 s 1
Clinical
Mima  et al. [20] LED 440–460 260 Denture: 24

Palate: 102
Denture: 37.5
Palate: 122

Denture: 26
Palate: 20

6 (Three times a week)

GaAlAs: gallium-aluminum-arsenide InGaAlP: indium-gallium-aluminum-phosphide LED: light-emitting diode.
PPIX: protoporphyrin IX MB:  methylene blue nm:  nanometer mW:  milliwatts J: joules.
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Table 3
Characteristics of photosensitizers used.

Authors et al. Treatment of Types of PS Concentration of PS PS drug delivery Pre-irradiation time
(in min)

Experimental
De Freitas-Pontes et al.

[16]
Experimental
single-species
biofilm

MB 500 mg/L Topical NA

De  Sousa Farias et al.
[17]

Experimental
single-species biofilm

TB 100 mg/L Topical (immersion) 5

Mantareva et al. [18]
(Bulgaria, 2011)

Experimental
single-species biofilm

TMPO GaPc1, OMPO
GaPc1, ZnPc1 and MB

TMPO GaPc1: 3–6 �M
OMPO GaPc1: 3–6 �M
ZnPc1: 6 �M
MB:  6 �M

Topical (immersion) Bacteria: 15
Fungus: 90

Mima  et al. [19] Experimental
single-species biofilm

Porphyrin derivative 5 mL  Denture surfaces were
sprayed

30

Pereira et al. [23] Experimental single
and multispecies
biofilm

MB 100 mg/L Topical (immersion) 5

Pereira  et al. [21] Experimental
single-species
biofilm

ER and RB 5 �M Topical (immersion) 5

Pereira et al. [22] Experimental single
and multispecies
biofilm

ER Candida strains:
200 �M Biofilm:
400 �M

Topical
(immersion + shaker)

5

Quishida et al. [25] Experimental
multispecies
biofilm

PDZ 175 and 200 mg/L Topical (immersion) 20

Quishida et al. [24] Experimental
multispecies biofilm

Curcumin 2 mL  Topical (immersion) 20

Sousa et al. [26] Experimental
single-species
biofilm

MB and PPIX MB:  50 �M
PPIX: 10 �M

Topical (immersion) 10

Vilela et al. [27] Experimental
single-species biofilm

MB,  TB and MG 37.5, 75, 150, 300, 600,
1800 and 3000 �M

Topical
(immersion + shaker)

5

Vlahova et al. [28] Experimental
single-species
biofilm

GaPc1, ZnPc1 and
SoPc1

NA Topical (immersion) 10

Zoccolillo et al. [29] Experimental
single-species
biofilm

Porphyrin derivative
(purpurine)

2500 mg/L Topical (immersion) 30

Clinical
Mima  et al. [20] Denture stomatitis Porphyrin derivative 500 mg/L Denture surface and

palate were sprayed
Palate:30
Denture: 30

MB:  methylene blue PPIX: protoporphyrin IX PDZ: photodithazine ER:erythrosine GaPc1: gallium.
ZnPc1: zinc SiPc1: silicon phthalocyanine TB: toluidine blue MG:  malachite green RB: Rose Bengal.

Table 4
CASP quality assessment of the reviewed papers.

Authors Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 Total quality
score (0–12)

Experimental
De Freitas-Pontes et al. [16] Yes Yes Yes Yes No No Yes Yes Yes No No Yes 8
De  Sousa Farias et al. [17] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Mantareva et al. [18] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Mima  et al. [19] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Pereira et al. [23] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Pereira et al. [21] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Pereira et al. [22] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Quishida et al. [25] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Quishida et al. [24] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Sousa  et al. [26] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Vilela  et al. [27] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Vlahova et al. [28] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Zoccolillo et al. [29] Yes Yes Yes Yes No No Yes Yes Yes No Yes Yes 9
Clinical
Mima  et al. [20] Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes 11
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.3. Clinical studies

.3.1. General characteristics
Mima  et al. [20] conducted a parallel, 2 groups, randomized

ontrol trial comparing the effectiveness of aPDT with oral antifun-
 3: exposure is accurately measured; item 4: outcome is accurately measured; item
lts are clear; item 8: results are precise; item 9: results are credible; item 10: results

2: there are important clinical implication.
gal medication in the treatment of DS. Forty patients (age range:
41–80 years) with clinical evidence of DS were recruited. The con-
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rol group was treated with nystatin oral suspension rinses (100000
U), 4 times daily for 15 days (Table 1) [20].

.3.2. Laser parameters
Two LED lasers with a wavelength range between 440 nm and

60 nm were used. The dentures were irradiated for 26 min  with
ne laser and the palate for 20 min  with the other laser. aPDT was
erformed 3 times a week for 15 days (6 sessions) [20].

.3.3. Photosensitizer parameters
Mima  et al. [20] sprayed a haematoporphyrin derivative

500 mg/L) in the inner and outer surfaces of acrylic dentures and
eft them in dark for 30 min. Additionally, the palate was sprayed

ith photosensitizer solution prior irradiation (30 min).

.3.4. Main outcomes
Both groups (nystatin and aPDT) presented similar clinical suc-

ess rates (53% vs 45%, respectively) reducing Candida spp. after
0 days [20].

.3.5. Quality assessment
Quality score of the study [20] was 11. Quality assessment

dentified that in general, recruitment of the patients, exposure
nd outcome were adequately performed. The results could be
onsidered to be applicable to the local population. The major
hortcoming in the study [20] was the short follow-up.

. Discussion

In the present study, only a qualitative analysis was  performed
ince the significant heterogeneity among the studies did not
llow pooling of the results and quantitative analysis. Results from
early 92% of the experimental studies [17–19,21–29] reported
hat aPDT was effective in reducing bacteria and/or yeast cul-
ured in single or multispecies biofilm growth on acrylic resin
pecimens compared with controls. It is therefore tempting to spec-
late that aPDT is an effective treatment strategy for disinfection
f dentures surfaces. However, it is noteworthy that there was a
iscrepancy on the definition of control groups amongst the exper-

mental studies [16–19,21–29]. In nearly 31% of the experimental
tudies [16,17,28,29], the efficacy of aPDT was compared with tra-
itional chemical disinfectants such as chlorhexidine and ethylene
xide gas. The only clinical study [20] which fulfilled our eligi-
ility criteria compared the efficacy of aPDT with nystatine gel
or disinfection of denture surfaces. The result showed compa-
able outcomes on terms of microbial reduction in both groups;
hereas, in the remaining experimental studies [18,19,21–27]

approximately 69%) a control group comprised of treatment with
hotosensitizer alone or no treatment. It is therefore hypothesized
hat if a traditional disinfecting agent was used as a control in these
tudies, comparable outcomes could have been obtained with ref-
rence to reduction in microbial counts on denture surfaces treated
ith or without aPDT. Traditionally, aPDT is used as an adjunct

herapy to conventional therapeutic protocols, for example in the
reatment of periodontal and peri-implant diseases aPDT is used as
n adjunct to mechanical debridement to reduce oral inflammation
11–14]. In an attempt to elucidate the efficacy of aPDT in disinfect-
ng denture surfaces well-designed studies with precisely defined
roups are needed. An example of such study design might be based
n the following groups: group 1- disinfection of denture surface

ith chemical disinfectant alone; group 2–disinfection of denture
urface using chemical disinfectant with adjunct aPDT; group 3-

isinfection of denture surface with aPDT alone, and group 4–no
reatment.

It seems exigent to choose an optimal and effective photosen-
itizer which could offer the most predictable outcome in terms
hotodynamic Therapy 17 (2017) 103–110 109

of disinfection of dentures acrylic surfaces. For instance, Pereira
et al. [23] reported that aPDT with methylene blue (100 mg/L) was
effective reducing the total biomass and CFU of single-species and
multispecies biofilm growth of C. albicans, S. aureus,  and S. mutans;
whereas, Quishida et al. [25] used up to 200 mg/L of photodithazine
to inhibit the total biomass of Candida spp. and S. mutans. Fur-
thermore, the pre-irradiation time also varied significantly among
the experimental studies [16–19,21–29]. For example, Pereira et al.
[21–23] and Vilela et al. [27] applied photosensitizer for 5 min prior
irradiation; whereas, Mima  et al. [19] and Zoccolillo et al. [29] used
30 min. This reflects that there is a lack of consensus regarding
the ideal photosensitizer and the exposure time prior irradiation
among the experimental studies. Therefore, seems challenging to
implement a specific protocol in terms of photosensitizer, concen-
tration and pre-irradiation time to disinfect acrylic resin denture
surfaces in a clinical setting. Moreover, the duration of irradiation
time varied significantly among included studies [16–19,21–29].
For example, Vlahova et al. [28] used a InGaAlP laser for 10 min;
whereas, Pereira et al. [21] used a diode laser for 3 min. In most
of the experimental studies [17–19,21–24,26–29] aPDT was done
once. This may  pose another challenge for clinicians for deter-
mining the precise frequencies of aPDT required before attaining
denture disinfection. Therefore, additional well-designed clinical
studies are needed in this regard.

From a clinical perspective confounding parameters such as
low salivary flow rate, smoking, poorly controlled diabetes melli-
tus, medication, immunosuppression and nutritional factors, might
play an important role in microorganisms adherence [5,34–36].
Moreover, denture-related factors such as deficient oral/denture
hygiene, increased age of denture, denture trauma, continuous
denture wearing, denture relines and denture surface porosity,
may  also influence the microorganism colonization [37–39]. Since
approximately 93% of the studies [16–19,21–29] including in this
systematic review were performed in vitro, it remains to be deter-
mined whether or not aPDT in a clinical scenario would result
in acrylic resin surfaces disinfection among patients with a poor
plaque control, systemically compromised and habitual tobacco
product users. Therefore, additional clinical studies assessing these
parameters are needed.

5. Conclusion

The role of aPDT in the disinfection of acrylic resin surfaces is
unclear. From a clinical perspective further randomized control tri-
als are needed to assess the efficacy of aPDT in the disinfection of
acrylic resin surfaces.
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