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Abstract. – OBJECTIVE: The aim of the 
study was to assess the disinfection effica-
cy, bond integrity, and nano hardness of car-
ies-affected dentin (CAD) surface bonded to 
resin cement when disinfected with chlorhexi-
dine (CHX), Methylene blue activated by Photo-
dynamic therapy (MB-PDT), chitosan, silver di-
amine fluoride (SDF), chitosan activated by PDT, 
and SDF-diode laser against S. mutans.

MATERIALS AND METHODS: A total of 
60 human mandibular molars were extracted 
non-traumatically and gathered using ICDAS cri-
teria. The dentin surface was prepared, leav-
ing CAD to receive a disinfection procedure. Af-
ter inoculation with S. mutans, the CAD sam-
ples were divided into six groups and disinfect-
ed with various disinfectants (n = 10) CHX, MB-
PDT, chitosan, chitosan-PDT, SDF, and SDF+ di-
ode laser. Survival rates of S. mutans were ana-
lyzed following the restoration of samples with 
resin cement via the etch and rinse method to 
assess SBS. Also, nano hardness was analyzed. 
Statistical analysis was performed by using the 
ANOVA and the Tukey multiple test (p<0.05). 
The Kruskal-Wallis test was used to evaluate the 
change in survival rate. 

RESULTS: Related to the survival rates, the 
SDF+ diode laser displayed the highest reduc-
tion in S. mutans levels and chitosan present-
ed the lowest level of disinfection. The inter-
group comparison revealed that CHX and chi-
tosan-PDT displayed comparable outcomes of 
S. mutans survival rate to that of SDF+ diode 
laser (p>0.05). Likewise, MB-PDT and SDF dis-

played a comparable survival rate of S. mu-
tans to Chitosan disinfection (p>0.05). Consid-
ering SBS and nano hardness, the highest SBS 
and NH were exhibited by the SDF+ diode la-
ser, and the lowest SBS and NH values were ex-
hibited by MB-PDT. The intragroup comparison 
revealed that CAD specimens disinfected with 
Chitosan-PDT showed comparable SBS and NH 
values to the SDF+ diode laser (p>0.05). CHX, 
chitosan, and SDF exhibited bond values and 
NH comparable to MB-PDT (p<0.05).

CONCLUSIONS: Synergistic use of Silver di-
amine fluoride with diode laser and chitosan ac-
tivated by PDT can be used as an alternative to 
CHX for controlling S. mutans growth, promot-
ing enhanced bond efficacy and nano hardness 
for bonding resin cement to the caries-affect-
ed dentin.

Key Words:
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Diode Laser, Methylene blue, Caries affected dentine.

Introduction

Dental caries, commonly known as tooth de-
cay or cavities, are indeed the most prevalent 
chronic polymicrobial dental disorder. It is a 
multifactorial disease, meaning that it is caused 
by a combination of various factors. The etiology 
of dental caries can be attributed to genetic, be-
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havioral, and microbial factors1,2. The disruption 
of the ecological balance in the oral cavity due 
to plaque accumulation on the tooth surface is a 
critical contributing factor to the development of 
dental caries. Dental plaque is a biofilm formed 
by a complex community of microorganisms, 
primarily bacteria, which adhere to the tooth 
surfaces and oral tissues3. The cariogenic bac-
teria Streptococcus mutans (S. mutans), which 
resides in dental plaque, plays a significant role 
in initiating and progressing dental caries. This is 
primarily due to its ability to secrete an extracel-
lular polysaccharide matrix through the action of 
glucosyltransferases4. This matrix facilitates the 
adhesion of S. mutans to the tooth surface and 
provides a favorable environment for other cario-
genic microorganisms. Moreover, S. mutans can 
produce acids as a metabolic byproduct, which 
reduces oral pH, contributing to the demineral-
ization of tooth enamel and the initiation of dental 
lesions5,6. 

Nevertheless, enamel demineralization is a re-
versible process and can be regressed by using the 
minimal invasive dental approach that constitutes 
the eradication of microbial-laden infected dentin 
without exterminating the caries-affected dentin 
(CAD) from the tooth surface to protect the pulp 
aiding in remineralization to secure the function-
ality of a tooth7,8. Significantly, the CAD surface 
is more delicate than adhesion to enamel as it is 
a more heterogeneous and hydrophilic tissue by 
nature, which might result in rehabilitation loss9. 
Additionally, the persistence of microbial colo-
nies within the cavity can result in the fracture of 
the restorative-tooth interface, causing second-
ary caries and necessitating effective disinfection 
techniques to reinforce the tooth-cement bond for 
a better prognosis10-12. 

Among various disinfectants, chlorhexidine 
(CHX) has been regarded as a gold-standard 
broad-spectrum antimicrobial biguanide CAD 
surface cleanser that exterminates microbial col-
onies by disrupting their cell membrane13. It can 
be used as a viable antiseptic and antibacterial 
agent against S. mutans and other resistant micro-
bial strains to control dental lesions and validate 
better shear bond strength (SBS)14,15. This is in 
line with the study conducted by Catalbas et al16. 
Another CAD decontaminating strategy includes 
the fluoride-containing prophylactic agent – sil-
ver diamine fluoride (SDF) – which is a colorless 
liquid that, when applied on a dentin surface, can 
halt carious lesions and alleviate dentin hyper-
sensitivity due to the presence of silver and flu-

oride17. Silver provides the antibacterial effect by 
impeding DNA replication, blocking enzymatic 
actions, denaturation of proteins, and disrupting 
cell membranes by forming organometallic com-
plexes within the microbial structure, while fluo-
ride aids in promoting dentinal remineralization 
and averting the carious attack18,19.

Moreover, a polysaccharide-based CAD 
cleanser ‘Chitosan’ that is composed of copoly-
mers of glucosamine and N-acetylglucosamine 
and formed by partial deacetylation of chitin, 
serves as a compelling chelating agent and has 
been used persuasively to eradicate carious le-
sion by remineralizing it through the application 
of calcium and phosphate and may also nucleate 
the dentin surface via crystal formation20,21. It 
provides antibacterial effectiveness on adherence 
to the bacterial DNA and mRNA, causing cellu-
lar disruption and protein synthesis obstruction, 
thereby impeding the biofilm formation22.

The introduction of Photodynamic therapy 
(PDT) in dentistry can be perceived as an ex-
pedient CAD disinfection protocol that relies on 
the activation of various photosensitizers (PS) 
by photosensitization under aerobic conditions 
and inevitably emitting reactive oxygen species 
(ROS) and singlet oxygen, ultimately resulting in 
cell death23,24. Among PS, methylene blue (MB), 
a hydrophilic phenothiazine derivative, has been 
considered an effective, reasonable, and widely 
utilized PS in numerous dental domains due to 
its prevalent antimicrobial potency25,26. Past lit-
erature27,28 has shown that MB activated by PDT 
can diminish the growth of acidogenic bacteria 
(S. mutans) in the oral cavity due to ROS release. 
However, PDT’s role in actuating SDF and chi-
tosan has yet to be studied and explored in erad-
icating S. mutans strains for dissuading caries 
advancement. Diode lasers (445 nm) have been 
considered effective and safe in several dental 
applications by eliminating bacteria and resisting 
carious attacks in turn securing tooth-restoration 
bond29. Significantly, no rise in temperature in 
biological tissue is observed while applying diode 
laser hence considered as an harmless antimicro-
bial approach30.

Within the study’s limitations, a detailed ex-
ploration of the interaction of different disin-
fectants with PDT stimulation and their effects 
on the binding efficacy to protect CAD remains 
unexplored and unparalleled, requiring substan-
tial in-vitro probing. Therefore, it has been hy-
pothesized that CHX will demonstrate better 
antimicrobial effectiveness against S. mutans 
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with enhanced SBS and nano hardness compared 
to other disinfection methods. Hence, the pres-
ent study anticipated to assess the disinfection 
efficacy, bond integrity, and nano hardness of 
CAD surface bonded to resin cement when dis-
infected with CHX, MB-PDT, chitosan, SDF, 
chitosan-PDT, and SDF-diode laser against S. 
mutans.

Materials and Methods

Sample Preparation
Over four months, sixty human mandibular 

molars (n = 60) were extracted non-traumatically 
and gathered using ICDAS (International Caries 
Detection and Assessment System) standards, 
and all of the specimens were visually inspected 
for check caries severity index by employing car-
ies detecting dye and dental explorer. After that, 
a bitewing x-ray was performed and caries code 4 
(extensive cavity; demineralization involving the 
middle third of the dentin) was classified for the 
specimens, while stained pink dentin was deter-
mined as CAD surface. Afterward, all specimens 
were submerged in a disinfectant solution of 0.5% 
Chloramine T solution (Sparchem, Mumbai, In-
dia) for around 48 hours at 4°C. All the attached 
periodontal fibers, debris, plaque, and calculus 
were disengaged from the specimens by using an 
ultrasonic scaler (ESCO MEDCO, Jiangsu, Chi-
na) and kept in distilled water until experimental 
use. Then, samples were dried and positioned 
vertically in a self-curing acrylic resin (Radiant 
Surgident, Indore, India) to the cementoenamel 
junction (CEJ). The study followed the technique 
defined by Nakajima et al31. Later, the CAD sur-
face was ground with 1200-grit silicon carbide 
grinding discs (Buehler, UK) under flowing wa-
ter and only caries-infected dentin was removed 
leaving the caries-affected dentin for inoculation 
and analyzation of diverse disinfection modes. 
The average cavity preparation of all specimens 
had a depth of 2 mm and a breadth of 3 mm to 
establish uniformity.

Biofilm Formation on the Specimens
The American Type Culture Collection pro-

vided gram-positive S. mutans (S mutans; ATCC 
25175) to inoculate the CAD surface. The speci-
mens were placed in S. mutans broth overnight in 
an orbital incubator (150 rpm) at 37°C. The bac-
terial cells were harvested and washed with MRS 
agar media using a centrifuge set at 2,700 g for 

15 min. Then, bacterial suspensions were tested 
using the spectrophotometer with an optical den-
sity of 0.6 and wavelength of 600 nm and showed 
the suspension contained a concentration of 1 × 
108 CFU/ml of S. mutans. Then, the bacterial 
suspension (1 × 108 CFU/ml) was poured on the 
well plates containing the specimens and were 
inoculated and harvested anaerobically for three 
weeks at 37°C to create a biofilm. To enhance 
the growth of the bacteria and eradication of 
non-adherent bacterial cells, the MRS media was 
changed every alternate day32.

Experimental Groups
After microbial inoculation, a total of 60 sam-

ples (n = 60) were apportioned randomly into six 
groups, each containing 10 specimens (n = 10), 
based on the disinfection methodology being 
used.

Group 1 (n = 10): Treatment with CHX
CAD samples in this group were treated with 

a 2% CHX solution (Varni Corporation, Gujrat, 
India) for 60 seconds. Later, distilled water was 
used to clean the disinfected surface and air-dried 
for 5 seconds29.

Group 2 (n = 10): Treatment with MB 
Activated by PDT

In this group, the CAD surface was treated 
with 1 ml of MB solution which was activated 
by PDT. The PS was illuminated and activated 
by a diode laser (Original Brand, China) for 60 
seconds keeping at a 2 mm distance at a wave-
length of 660 nm, output power of 40 mW, and 
energy density of 60 J/cm2. Later, specimens 
were cleansed with distilled water and air-dried 
for 5 seconds.

Group 3 (n = 10): Treatment with 
Chitosan

100 µL of chitosan at a concentration of 3 mg/
ml was used to treat the specimen for 60 seconds 
as per the study conducted by Camacho-Alonso 
et al33. The CAD surface was then washed with 
distilled water and air dried for 5 sec.

Group 4 (n = 10): Treatment with 
Chitosan Activated by PDT

100 µL of chitosan at a concentration of 3 mg/
ml was used to treat the specimen along with 
the irradiation by PDT at a power of 50 mW for 
60 seconds and later disinfected and dried for 5 
seconds.
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Group 5 (n = 10): CAD Surface 
Treatment with SDF

The CAD surface was treated with 0.04 ml of 
38% SDF for 60 seconds and then cleansed with 
distilled water and dried for 5 seconds.

Group 6 (n = 10): CAD Surface 
Treatment with SDF and Diode Laser

The CAD surface was treated with 0.04 ml of 
38% SDF for 30 seconds and then diode laser was 
used for further decontamination for a further 30 
seconds at a wavelength of 445 nm. The samples 
were then washed and dried for 5 seconds.

Survival Rates Analyzation
All specimens were preserved in an incubator 

at 37ºC for 24 hours after covering them with a 
polyethylene sheet. After disinfection and incu-
bation at 37°C, the survival rate of S. mutans was 
estimated by dividing the colony forming units 
(CFUs) of each experimental group by the CFU 
count of the positive control.

Survival rates = CFUs (each group) / CFU 
(control group)

Bonding Procedure
After disinfecting the cavity, a self-etch ad-

hesive (Adper Prompt, 3 M ESPE AG Dental 
Products, Seefeld, Germany) was applied by a 
sterile brush over the surface for 15 seconds and 
air-dried gently to obtain a thin layer of adhesive 
all over the cavity area. Later, after etching a sur-
face was again smeared with the bonding agent, 
air-dried, and light-cured for about 10 seconds by 
employing an LED light (Woodpecker, China) to 
photopolymerize the bonding agent. After the ad-
hesive curing, composite (Filtek Z350; 3 M ESPE) 
was applied in increments of 2 mm into the cavity 
and each increment was photo-cured for a further 
10 seconds after removing the excess cement34.

All the samples were stored for 24 hours at 
37°C in a humid atmosphere in an incubator 
(Yooning, Zhejiang, China) following the bond-
ing of restorative material to the CAD surface. 
Samples were heated for 8,000 cycles with a 
dwell time of 30 seconds using an automated 
thermocycler (LongMedtech, Jiangsu, China).

Shear Bond Strength Analysis (SBS)
The binding strength between the dentinal sur-

face and the resin cement employed was assessed 
using a Shear Bond Strength (SBS) test to deter-
mine the maximal load before debonding. The 
dentine-resin bond surfaces served as the shear-

ing element during the shear bond test, which 
was conducted using a universal testing machine 
(UTM, Instron, MA, USA) in compression mode 
at a crosshead speed of 1 mm/min until fracture 
occurred and debonding force was documented 
and expressed in Megapascal (MPa). 

Nanohardness Analysis (NH)
With the aid of an embedded nanoindentation 

test, the surface nano hardness of specimens was 
determined. The nano hardness was measured 
using an atomic force microscope (Optu-Edu, 
Beijing, China) outfitted with a corner cube dia-
mond indenting tip (Optu-Edu, Beijing, China) in 
nanoindentation mode. Each specimen received 
an application of 55.3 µN and three indentations 
values were recorded and analyzed by using Na-
noScope software (Bruker, Billerica, MA, USA).

Statistical Analysis 
The Kruskal-Walis test was used to evaluate 

the variance in survival rate. The mean and 
standard deviation for bond values were done 
by utilizing analysis of variance (ANOVA) and 
Post-Hoc Tukey. SPSS software (SPSS version 19, 
Inc., Chicago, IL, USA) was employed to analyze 
the data, with a statistical significance threshold 
(p-value) of less than 0.05.

Results

Antimicrobial Efficiency 
Evaluation/Survival Rates

The normal distribution of data was assessed 
using the Shapiro-Wilk Test. The survival rates of 
S. mutans after disinfection of CAD surface with 
different disinfection regimes are demonstrated 
in Table I. Results revealed that samples disin-
fected with SDF+ diode laser displayed the high-
est reduction in S. mutans levels in comparison to 
the other CAD decontamination methods and the 
use of Chitosan for CAD surface cleansing dis-
closed the lowest level of disinfection, the highest 
S. mutans survival rate was observed. 

The intergroup comparison revealed that CHX 
and Chitosan activated by PDT displayed com-
parable outcomes of S. mutans survival rate to 
that of SDF+ diode laser while disinfecting CAD 
(p>0.05). Likewise, MB activated by PDT and 
SDF displayed a comparable level of survival rate 
of S. mutans to chitosan disinfection (p>0.05). 
(Figure 1).
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SBS Analysis
SBS values of CAD specimens after using dif-

ferent strategies of disinfection are demonstrated 
in Table II. The highest SBS was exhibited by the 
CAD sample disinfected with SDF+ diode laser 
and the lowest SBS values in CAD specimens after 
cavity cleansing with MB activated by PDT. The in-
tragroup comparison revealed that CAD specimens 
disinfected with Chitosan activated by PDT showed 
comparable SBS values to the SDF+ diode laser 
(p>0.05). Whereas, CAD disinfected with CHX, 
chitosan, and SDF exhibited bond values compa-
rable to MB activated by PDT (p<0.05) (Figure 2).

Nanohardness Analysis
Nanohardness values of CAD specimens af-

ter using different strategies of disinfection are 
demonstrated in Table III. The highest nano 
hardness was exhibited by the CAD sample dis-

infected with SDF+ diode laser and the lowest 
nano hardness in CAD specimens after cavity 
cleansing with MB activated by PDT. The in-
tragroup comparison revealed that CAD speci-
mens disinfected with Chitosan activated by PDT 
showed comparable nano hardness to the SDF+ 
diode laser (p>0.05). Whereas, CAD disinfected 
with CHX, chitosan, and SDF exhibited nano 
hardness values comparable to MB activated by 
PDT (p<0.05) (Figure 3).

Discussion

The current in-vitro study aimed to assess 
the effectiveness of various disinfection meth-
ods, namely CHX, MB-PDT, chitosan, SDF, 
chitosan-PDT, and SDF-diode laser, against S. 
mutans when bonding resin cement to CAD sur-

Table I. Survival rates of S. mutans after different disinfection regimes

 Groups Survival rate Standard deviation

Group 1: CHX 0.33a 0.08
Group 2: Methylene blue Photosensitizer activated by PDT 0.76b 0.25
Group 3: Chitosan 0.77b 0.22
Group 4: Chitosan activated by PDT 0.31a 0.10
Group 5: Silver diamine fluoride 0.69b 0.09
Group 6: Silver diamine fluoride + diode laser 0.29a 0.07

CHX: Chlorhexidine, PDT: Photodynamic therapy. Dissimilar letters indicate statistical significance at p < 0.05.

Figure 1. Survival rates of S. mutans after different disinfection regimes. Group 1: CHX, Group 2: Methylene blue Photosen-
sitizer activated by PDT, Group 3: Chitosan, Group 4: Chitosan activated by PDT, Group 5: Silver diamine fluoride, Group 6: 
Silver diamine fluoride+ diode laser.
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faces. The researchers hypothesized that CHX 
would demonstrate the highest antimicrobial ef-
ficacy against S. mutans while also improving 
the bond strength (SBS) and nano hardness com-
pared to other disinfection methods. However, the 
results did not support this hypothesis, as CHX 
exhibited lower SBS values compared to other 
disinfection methods. Interestingly, the SDF-di-
ode laser and chitosan-PDT demonstrated supe-
rior SBS, antimicrobial effectiveness, and nano 
hardness of the CAD surface when bonded to 
the resin cement, surpassing the performance of 
other decontamination procedures.

S. mutans possesses significant virulence fac-
tors about the pathophysiology and etiology of 
dental caries that can aid in microbial colo-

nization to form biofilm on adherence to the 
tooth structure in turn causing weakening of the 
tooth-structure and ultimately affecting tooth-re-
storative bond leading to rehabilitation failure35,36. 
Furthermore, the tooth structure is subjected to 
natural demineralization and remineralization 
phenomenon in the oral environment but due 
to acid production and bacterial activity this 
equilibrium fails and demineralization advances 
causing damage to the tooth structure, reducing 
the SBS37. Hence, several disinfectants are em-
ployed in this study to inhibit carious incursion 
to safeguard the bond efficacy of restoration to 
the tooth. Also, the use of fluoride compounds, 
compounds with calcium and phosphate groups, 
lasers, and PDT can aid in securing bond efficacy.

Table II. Shear bond strength of CAD after different strategies of disinfection.

 Different methods of disinfection Mean SD p-value

Group 1: CHX 14.21a 1.77 < 0.05
Group 2: Methylene blue Photosensitizer activated by PDT 13.45a 1.91 
Group 3: Chitosan 15.14a 1.13 
Group 4: Chitosan activated by PDT 18.48b  
Group 5: Silver diamine fluoride 15.16a 1.02 
Group 6: Silver diamine fluoride + diode laser 18.65b 1.11 

CHX: Chlorhexidine, PDT: Photodynamic therapy. The different small letter denotes statistically significant difference. !Showing 
significant differences among study groups (ANOVA) (Tukey multiple comparison test).

Figure 2. Shear bond strength of CAD after different strategies of disinfection.
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As per the results of survival rates of S. mutans 
after different disinfection regimes, the highest 
antimicrobial efficacy was displayed when the 
CAD surface was treated with SDF + diode laser. 
Its substantial elucidation is the synergistic effect 
of SDF’s composition and diode laser effective-
ness. In SDF, the presence of a higher concentra-
tion of fluoride and silver plays an essential role in 
arresting microbial invasion and remineralizing 
carious lesions38. A study conducted by Rosen-
blatt et al17 enlightened the role of constituents in 
SDF. Fluoride has the affinity to bind to the mi-
crobial cell wall, and inhibits enzymatic reactions 
involved in carbohydrate metabolism, forming an 
acid-resistant surface in turn inhibiting microbial 
growth and biofilm formation. Silver Diamine 
Fluoride (SDF) has the potential to destroy car-
iogenic bacteria by reacting with their DNA and 
biological proteins. This reaction leads to the ces-

sation of cell metabolism, thereby impeding the 
progression of dental caries38. Moreover, diode 
lasers after SDF treatment have shown promising 
effects on reducing S. mutans survival rates. It 
has been considered that after laser application, 
an increase in the fluoride uptake by the tooth 
surface has been acknowledged that also hardens 
and remineralizes the carious surface, augment-
ing SBS and restoring the tooth-cement bond25. 
Functionally, by using a diode laser to alter the 
polarization of an enamel component, fluoride 
is better retained and diffused into the enam-
el’s inner layers, creating a fluoride reservoir39. 
Temperature can also affect the level of fluoride 
absorption in the dentin surface since it increases 
the molecules’ kinetic energy, speed, and rate of 
impact. Hence, high disinfection efficacy, SBS, 
and nano hardness provided by the combined use 
of SDF and diode laser have made this disinfec-

Table III. Nanohardness after different methods of disinfection.

 Methods of disinfection Nano hardness (GPa)

Group 1: CHX 1.01 ± 0.13a

Group 2: Methylene blue Photosensitizer activated by PDT 0.91 ± 0.09a

Group 3: Chitosan 1.06 ± 0.17a

Group 4: Chitosan activated by PDT 1.61 ± 0.07b

Group 5: Silver diamine fluoride 1.00 ± 0.15a

Group 6: Silver diamine fluoride + diode laser 1.63 ± 0.03b

CHX: Chlorhexidine, PDT: Photodynamic therapy. The different small letter denotes statistically significant difference.

Figure 3. Nanohardness after different methods of disinfection.
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tant advisable to use in dentistry. This is in har-
mony with the work done by Targino et al40 and 
Xue et al41 However, solo use of SDF unveiled low 
antimicrobial effectiveness, SBS, and NH as only 
fluoride and silver acted on the tooth surface for 
remineralization and S. mutans eradication.

Similarly, chitosan+PDT application also ex-
hibited comparable disinfection, SBS, and nano 
hardness results to SDF+ diode laser use. The 
plausible interpretation of this effect was the 
synergistic effect of chitosan and PDT. Chitosan 
functions by altering the bacterial cell wall and 
cell membrane permeability to prevent bacterial 
growth as it hinders S. mutans from adhering to 
tooth surfaces and can prevent S. mutans from 
multiplying and emerging, hence inhibiting bio-
film formation42,43. PDT yields ROS and singlet 
oxygen on photo illumination of PS at specific 
wavelengths of light that can assist in destroy-
ing S. mutans growth44. However, solo use of 
chitosan displayed low SBS, antimicrobial effec-
tiveness, and NH. Still, it was observed that PDT 
use after chitosan application can enhance the 
treatment effect due to their convincing antimi-
crobial effect. Also, PDT has been reconnoitered 
as a minimally invasive approach that can affect 
the desired area and assassinate resistant bacte-
rial strains, aids the tooth to remineralize with 
the help of chitosan as it can induce nucleation of 
crystals over the dentin surface by use of calcium 
and phosphate thereby increasing bond effica-
cy and NH20,45. Knowingly, these results are in 
agreement with the study steered by Azizi et al46 
and Gong et al47.

As per the outcome of the study, CHX unveiled 
high antimicrobial efficacy but reduced SBS and 
NH when used on CAD surfaces. CHX, being 
a cationic biguanide, emits a positively charged 
cation on dissociation at physiological pH which 
binds to the negatively charged microbial cell 
wall ensuring its viable bactericidal effect caus-
ing membrane disruption and cell death, thereby 
reducing S. mutans from the CAD surface48,49. 
However, low SBS and NH are mainly due to 
their low depth penetration into the dentinal tu-
bules as they fail to prevent dentin matrix metal-
loproteinases (MMPs) and cysteine cathepsins to 
degrade extracellular matrix leading to dentinal 
degradation50. A study performed by Galo et al51 
presumed similar outcomes.

Moreover, MB activated by PDT presented 
the lowest disinfection efficacy, SBS, and NH 
as per the results. It is believed that MB has an 
affinity for cationic compounds, it attaches to 

CAD through calcium (Ca++) and phosphate (P+) 
ions, forming a physical barrier between the CAD 
surface and filling material by precipitating calci-
um and phosphate over the dentinal structure52. 
Additionally, when applied to CAD surfaces, MB 
causes dentin to absorb water due to its hydro-
philic nature, causing volumetric expansion and 
solubilizing the resin increment, deteriorating the 
bond strength and hardness values53. Alonaizan et 
al54 deduced the akin results.

The current study should be comamended for 
conducting detailed investigations that explored 
both individual and combined applications of 
different disinfection techniques on S. mutans 
eradication, bond efficacy, and nano hardness. 
These methods involved various chemical, pho-
toactivated, and laser-activated antimicrobial 
agents. It is noteworthy that the effectiveness of 
photodynamic therapy (PDT) can be influenced 
by several variables, such as the type of visible 
light utilized, the laser’s settings, wavelength, 
and the interaction of the photosensitizer (PS) 
with the target tissue. To ensure a comprehensive 
evaluation of the samples, the researchers should 
consider employing scanning electron microsco-
py (SEM) and atomic force microscopy of CAD 
surfaces. These advanced imaging techniques 
will allow for a thorough assessment, provid-
ing valuable insights into the morphological and 
structural characteristics of the treated surfaces. 
By incorporating SEM and atomic force micros-
copy analyses, the study can better understand 
the effects of the disinfection techniques on the 
CAD surfaces at a micro and nanoscale level.

Conclusions

Synergistic use of silver diamine fluoride with 
diode laser and chitosan activated by PDT can be 
used as an alternative to CHX for controlling S. 
mutans growth, promoting enhanced bond effica-
cy and nano hardness for bonding resin cement to 
the caries-affected dentin.
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