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CONE BEAM COMPUTED TOMOGRAPHIC ASSESSMENT OF
RADIOGRAPHIC CHANGES AFTER INDIRECT PULP CAPPING
USING DIODE LASERS AND SILVER DIAMINE FLUORIDE IN
PERMANENT MOLARS WITH DEEP CARIOUS LESIONS: AN
IN-VIVO STUDY

Mohamed M.N. El-Tayeb' | Mohamed Nabeel?

Aim: To compare the preservation of pulp vitality by indirect pulp capping using Diode laser and
Silver Diamine Flouride in management of deep carious lesions.

Methods: Thirty patients with an age range of 18-46 years were selected and randomly divided into
3 equal groups: Group 1 (Control group): indirect pulp capping was performed using Biodentine,
Group 2: Diode laser with an output power of 0.5 watt was applied before Biodentine placement,
and Group 3: Application of Silver Diamine Flouride followed by Biodentine. Pre-operative clinical
assessment and radiographs were performed before intervention and then the patients received
their treatment and final restorations. Follow-up with clinical assessments was performed after 3
and 6 months. Cone beam computed tomography was performed at the day of intervention and
after 6 months. Clinical and Radiographic data were collected, tabulated and statistically analyzed
to compare between the success rates of indirect pulp capping using diode laser, Silver Diamine
Flouride and Biodentine in management of deep carious lesions.

Results: The results of clinical assessment for all groups have shown success rate of 100%. The
remaining dentin thickness was significantly increased in all study groups after application of inter-
vention. Also, the remaining dentin density showed significant increase in all groups, where Diode
laser application with an output power of 0.5 watt group was significantly higher than the control
group, with no significant difference between other groups.

Conclusions:
Within the limitations of the current study, the following can be concluded:
1. Using Biodentine in indirect pulp capping is the treatment of choice in management of deep
carious lesions.
2. Silver Diamine Flouride can be used as an alternative indirect pulp capping material.
3. Diode laser can show promising results in terms of Cavity Disinfection & can have better
biomodulating outcomes on the pulpal tissue healing and repair.
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EVALUATIONTOMODENSITOMETRIQUEPARFAISCEAUCONIQUEDES
MODIFICATIONS RADIOGRAPHIQUES APRES COIFFAGE PULPAIRE
INDIRECT A L’AIDE DE LASERS A DIODE ET DE FLUORURE DE DIAMINE
D’ARGENT SUR DES MOLAIRES PERMANENTES PRESENTANT DES
LESIONS CARIEUSES PROFONDES: : ETUDE IN VIVO

Objectif : Comparer la préservation de la vitalité pulpaire par coiffage pulpaire indirect a I'aide
d’'un laser a diode et de fluorure d’argent diamine dans la prise en charge des Iésions carieuses
profondes.

Méthodes : Trente patients agés de 18 a 46 ans ont été sélectionnés et répartis au hasard en 3
groupes égaux : Groupe 1 (groupe témoin) : le coiffage pulpaire indirect a été réalisé a I'aide de
Biodentine, Groupe 2 : laser a diode d'une puissance de 0,5 watt a été appliqué avant la mise en
place de Biodentine, et Groupe 3 : Application de fluorure d’argent diamine suivie de Biodentine.
Un bilan clinique préopératoire et des radiographies ont été réalisés avant l'intervention, puis les
patients ont recu leur traitement et leurs restaurations définitives. Un suivi avec des évaluations
cliniques a été réalisé aprés 3 et 6 mois. Une tomodensitométrie a faisceau conique a été réalisée le
jour de l'intervention et apres 6 mois. Les données cliniques et radiographiques ont été collectées,
tabulées et analysées statistiquement pour comparer les taux de réussite du coiffage pulpaire indi-
rect utilisant le laser a diode, le fluorure d’argent diamine et la biodentine dans la prise en charge
des lésions carieuses profondes.

Résultats: Les résultats de I'évaluation clinique pour tous les groupes ont montré un taux de réus-
site de 100 %. L'épaisseur restante de la dentine a augmenté de maniére significative dans tous les
groupes d’étude apres l'application de l'intervention. En outre, la densité de la dentine restante a
montré une augmentation significative dans tous les groupes, avec un résultat significativement
plus élevée que dans le groupe témoin pour I'application du laser a diode, et sans différence sig-
nificative entre les autres groupes.

Conclusions: Dans les limites de la présente étude, on peut conclure ce qui suit :

1. L'utilisation de Biodentine dans le coiffage pulpaire indirect est le traitement de choix dans la
prise en charge des lésions carieuses profondes.

2. Le fluorure de diamine d’argent peut étre utilisé comme matériau alternatif de coiffage indirect
de la pulpe.

3. Le laser a diode peut montrer des résultats prometteurs en termes de désinfection des cavités
et peut avoir de meilleurs résultats de biomodulation sur la guérison et la réparation des tissus
pulpaires.

Mots clés: Biodentine, Fluorure d’argent diamine, Laser a diode, Coiffage pulpaire indirect.
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Introduction

A better understanding of the car-
ies process has led to major chang-
es in the management of carious le-
sions [1]. In order to avoid additional
caries recurrence and treatment
failure, earlier treatment techniques
aim for complete non-selective re-
moval till reaching hard dentin [2].
However, this method leads to un-
necessary pulp exposure during
excavation, necessitating the use
of additional therapeutic treatments
such pulp capping or even end-
odontic therapy [3, 4]. Indirect pulp
capping, which removes only soft
demineralized and infected dentin,
has been adopted in the manage-
ment of carious lesions in order to
prevent direct pulp capping or root
canal treatment [4]. The dentin pulp
complex is then restored with a suit-
able restorative material to stop mi-
croleakage, which is followed by the
insertion of a biocompatible sub-
stance that promotes healing [5].

For many years, calcium hydrox-
ide has been regarded as the “gold
standard” of pulp capping materials
because of its superior anti-bacte-
rial qualities and capacity to pro-
mote the production of hard tissue
[6]. However, it has a poor seal, ex-
tremely soluble and is susceptible
to disintegration over time [7]. The
development of so-called “tunnel
defects” in reparative dentin formed
underneath calcium hydroxide is
another disadvantage related with
calcium hydroxide [7].

As a result, a number of additional
substitute materials are now utilized
for indirect pulp treatment. Indirect
pulp capping agent Mineral Trioxide
Aggregate (MTA) has emerged as
one of the most effective of these.
A relatively recent calcium sili-
cate-based cement with character-
istics comparable to MTA is called
Biodentine (Septodont, USA). As a
result, Biodentine is also marketed
as having potential as an indirect
pulp capping agent [7].

Previous studies have shown that
caries process become arrested in
the remaining contaminated den-

tin, as cariogenic bacteria become
nonviable due to absence of the
substrate [8]. Despite these, it can-
not be completely claimed whether
the remaining bacteria or their me-
tabolites have any detrimental ef-
fects on the pulp or not [9, 10]. As
there is still controversy regarding
the fate of microorganisms, some
studies claimed that such bacteria
could persist under the restoration
affecting the success of the treat-
ment [11].

Therefore, several additional ap-
proaches for arresting the remaining
affected dentin, could be crucial clin-
ically. With the advent of technology
and quest for newer material has
prompted the clinicians to explore
the remineralizing abilities of vari-
ous other materials. Silver Diamine
Fluoride (SDF) has been employed
as an alternative treatment for caries
prevention and arrest, and interest
in its use has been expanding [12].
Previous research has shown that
SDF raises the pH of biofilm, lowers
dentin demineralization, and acts as
an antibacterial agent against cario-
genic bacteria [13]. The use of SDF
as an indirect pulp capping material
has also been shown to exhibit no
pulpal inflammatory response and
to detect the production of tertiary
dentin under a histological analysis
[13].

Since the middle of the 1990s,
the use of lasers has been wide-
ly spread in the field of dentistry.
Diode lasers stand out from other
types of lasers because to its com-
pact design, lower price when com-
pared to other lasers, smaller size,
and diverse additions. It is typically
employed for soft tissue operations
in dentistry [1].

Diode laser disinfection of root
canals has demonstrated promis-
ing results, outperforming the range
of any other chemical disinfectant.
Diode lasers can eliminate bacteria
up to 500 um depth in dentin, as
opposed to chemical agents, which
can only reach 100 um deep, ac-
cording to Gutknecht et al [14]. Ad-
ditionally, a recent study found that
Diode lasers can be employed safe-

ly as an alternate method for cavity
disinfection because their tempera-
ture rise is shown to be below the
pulp’s critical threshold [15].

It is additionally claimed that di-
ode laser has the capacity to bio-
modulate the metabolic activity of
cells that resemble odontoblasts,
hence promoting the formation of
mineralized nodules. Additionally,
it increases fibroblast growth factor
production and decreases the gen-
eration of inflammatory mediators,
which accelerates the healing and
remodeling processes [16]. Better
clinical outcomes could result from
all these diode laser’s possible uses.

However, limited studies are
available regarding the necessity
and efficacy of Diode laser in man-
agement of deep carious lesions.
Therefore, a randomized clinical trial
comparing the preservation of pulp
vitality by indirect pulp capping us-
ing Diode laser and Silver Diamine
Flouride in management of deep
carious lesions might be of value.
The research null hypothesis was
that there’s no difference between
the effect of indirect pulp capping
using Diode laser or Silver Diamine
Flouride in maintaining pulp vitality
compared to the usage Biodentine
in management of deep carious le-
sions in permanent teeth.

Methods

The following study was approved
by the ethical review committee and
institutional review board at Misr
International University with IRB
code: MIU-IRB-2122-226.

1. Sample Size Calculation

Using power analysis, the total
sample size for a Chi-square test
comparing four groups was calcu-
lated. Based on the findings of a
prior study [17] and the expectation
that Laser Group will offer a success
rate of 50%, calculation used suc-
cess rate as the primary outcome.

The absence of pertinent ref-
erences led to the formulation of
this presumption. The minimum
estimated sample size was 24 indi-




viduals, and the effect size (w) was
calculated using alpha (a) levels of
0.05 (5%) and beta (B) levels of 0.10
(10%), i.e., power = 90%.

A 20% dropout rate was made
up for by adding an additional 30
individuals. Thus, there will be 10
subjects in each group. G*Power
software (Version 3.1.9.2; Hein-
rich-Heine-Universitat Dusseldorf,
Germany) was used to calculate
sample size.

2. Study Design & Settings

This randomized controlled clin-
ical trial study was carried on 30
patients with an age range of 18 -46
years. This trial was reported follow-
ing the Consolidated Standards of
Reporting Trials (CONSORT) guide-
lines to ensure transparent and
complete reporting [18].

3. Sample selection:

a) Criteria of patient selection [6]:

Inclusion criteria:

Patients included in this study
were between 18-50 years old, able
to tolerate necessary restorative
procedures, accepting the 6 months
follow-up period, having asymp-
tomatic vital permanent posterior
teeth with occlusal primary deep
carious lesions involving 2/3 of the
entire dentin thickness, as assessed
using bitewing radiograph [5]. One
tooth per patient was enrolled into
the study.

Exclusion criteria:

Medically compromised patients,
pregnant women, patients show-
ing allergy to any of the restorative
materials, and anesthetics, and un-
cooperative patients were excluded
from the study.

In Addition, teeth with previous
restorations, spontaneous pain, or
prolonged pain after sensitivity tests
(cold and electrical tests), teeth with
periapical radiolucencies and sen-
sitivity to percussion were also ex-
cluded.

b) Criteria for discontinuing or
modifying intervention:

If patients showed any signs of
severe postoperative pain, the res-

toration was removed, and end-
odontic treatment or extraction was
performed.

4. Allocation & Randomization:

Computer generated randomiza-
tion for sequence was held at the 1st
visit. Randomization was performed
through computed software (www.
randomizer.org (Copyright© 1997-
2021 by Geoffery C. Urbaniak and
Scott Plous)).

The number corresponding to
each treatment procedure was re-
corded on cards kept inside sequen-
tially numbered, opaque, sealed en-
velopes.

5. Blinding:

This trial was Single blinded as
only the Outcome assessors were
blinded. Both, the participants,
and principal investigator were not
blinded owing to the use of obvi-
ously different methods; laser, and
Silver Diamine Flouride.

6. Sample grouping:

All patients were randomly divid-
ed into three equal groups:

Group 1 (Control): patients with
deep carious teeth received conser-
vative caries management (selective
caries removal to firm dentin) and
then Biodentine (Septodont, USA)
was placed followed by the final
restoration.

Group 2: patients with deep car-
ious teeth received conservative
caries management (selective caries
removal to firm dentin) and then sin-
gle application of Diode laser (EPIC
X", BIOLASE, USA) with 940 nm
and an output power of 0.5 watt to
the cavity was performed. Then the
teeth were restored with Biodentine
and the final restoration.

Group 3: patients with deep cari-
ous teeth received conservative car-
ies management (selective caries re-
moval to firm dentin) and then Silver
Diamine Fluoride (Riva star, SDI, UK)
was applied with a micro-tip applica-
tor for 15 seconds to the floor of the
cavity, following the manufacturer
instructions. The teeth were then re-
stored with Biodentine and the final
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restoration.

7. General Operative procedures:

The procedures involved per-
forming conservative caries man-
agement with or without using ei-
ther Diode laser or Silver Diamine
Flouride for one tooth per patient.
Patients were randomly allocated
into one of the three study groups
using computer software (www.
randomizer.org). The same final re-
storative materials were used in all
groups, so that the outcome would
only reflect the effect of the tech-
nique used.

Each patient was assessed for
eligibility, the procedures were ex-
plained to him/her and the consent
form was signed. Preoperative clin-
ical assessment and periapical ra-
diographs were performed before
starting the procedures. Local an-
esthesia (Artinibsa 4% 1:100.000,
Inibsa Dental S.L.U, Spain) was ad-
ministered and the tooth was isolat-
ed with a rubber dam (Sanctuary™
Dental Dam, Perak, Malaysia). Ac-
cess to the lesion was gained with
a sterile high-speed bur (#245 bur,
Meisinger GmbH, Germany), us-
ing a high-speed handpiece (Pana
Air®, NSK, Japan). Selective caries
removal to firm dentin strategy was
performed following the guidelines
published by the International Car-
ies Consensus Collaboration 7.

Caries was completely removed
from the surrounding cavity walls,
leaving at least 2 mm rim of periph-
eral sound tooth structure for good
adaptation and seal to the resto-
ration [19]. Superficial necrotic cari-
ous fragments, that deform when an
instrument is pressed into it and can
be easily scooped up with little force
being required, were removed from
the pulpal floor using a sharp sterile
excavator, while affected firm dentin
was left on the floor to avoid pulpal
exposure [7].

8. Intervention Application:

Group 1 (Control):

After caries removal, Biodentine
(Septodont, USA) was mixed accord-
ing to the manufacturer’s instruc-
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tions and uniformly placed over the
floor of cavity, then the cavity was
restored with the final restoration.

Group 2:

The cavity was then disinfected
using Diode laser (EPIC X", BIO-
LASE, USA) with 940 nm and an
output power of 0.5 watt. A 400
Um noninitiated tip was used for
cavity irradiation, in a noncontact
mode (2mm distance), 5 sec/mm?Zin
sweeping motion, with energy den-
sity 690.60 J/cm? [15] (Figure 1).

Group 3:

Silver Diamine Fluoride (Riva star,
SDI, UK) was applied for 15 seconds
to the floor of the cavity, following
the manufacturer instructions.

Fower 1) 2
éﬁh i ‘ d

Figure 1: Diode laser with an output power 0.5
Watt

9. Restorative Procedure:

The cavity was first filled with
Biodentine material (Septodont,
USA) following the manufactur-
er’'s instructions as an indirect
pulp capping material, leaving a
space 2mm distance for the final
restoration. Then selective etching
of enamel was performed using
35% phosphoric acid gel (Scotch-
bond™ Universal Etchant, 3M ESPE,
Deutschland GMBH, Germany) for
15 seconds, rinsed for 15 seconds
with water, and gently air dried for 5
seconds., followed by application of

a single layer of universal adhesive
(Single Bond Universal, 3M ESPE,
Germany), then light cured using
LED light curing unit (Elipar ™ S10,
3M ESPE, USA) according to the
manufacturer’s instructions.

Resin composite (Filtek Z250, 3M
ESPE, USA) was then applied in ap-
proximately 2 mm increments and
each increment was light cured for
20 seconds, then the final increment
was light cured for 40 seconds fol-
lowing the manufacturer’s instruc-
tions. Occlusion was checked us-
ing an articulating paper (Blue Red
Combo 0.0035"/89 um, Crosstex®
International, USA), and high spots
were removed.

10. Post-operative instructions and
follow-up:

Patients received postopera-
tive instructions and oral hygiene
guidelines that should be followed
during the follow-up period. After
three months patients recalled to
follow-up the pulp vitality and res-
toration condition. Follow-up was
performed after 3 and 6 months. As-
sessment of criteria for success was
performed by the outcome investi-
gators according to the evaluation
chart.

11. Clinical and Radiographic Eval-
uation:

Upon completing the interven-
tion, the patients were recalled after
3 and 6 months to assess outcome.
Regarding the primary outcome, in
previous studies the authors used
a binary variable indicating wheth-
er the restored tooth maintained its

vitality at the outcome investigation
time [21]. Success requires positive
results in all five tests mentioned
here. Clinical success was evaluated
by: Cold pulp testing: using a refrig-
erant spray (Hygenic® Endo-lce®;
Coltene, Ohio, USA), Absence of
postoperative pain, Sensitivity to
percussion, Inspection for Sinus/ fis-
tula /swelling: using visual inspec-
tion (positive/negative).

Radiographic  evaluation was
done using Cone Beam Computed
Tomography at immediate postop-
erative: Cranex 3D, Soredex, Finland
CBCT machine was used to assess
the dentin thickness by using the
linear measurement tool and mea-
suring the distance from the base of
restoration to the pulp on sagittal,
coronal, or cross-sectional images
generated from CBCT scans after
orientation of the orthogonal planes
using the software vertical and hor-
izontal reference lines (Figure 2a).
Radiographic density of remaining
dentin was calculated using the den-
sity measurement tool for the same
area (Figure 3a). The exposure pa-
rameters used are (bcm*5cm) field
of view,8 mA,90 KvP0.085mm voxel
size and the software used (ONDe-
mand 3D). At Six months post-op-
erative, CBCT scan was performed
using same machine as immediate
postoperative with the same expo-
sure parameters and same linear
and density measurements evalu-
ated after generating the same im-
ages from the software using the
software vertical and horizontal ref-
erence lines for standardization (Fig-
ure 2b & 3b).

Figure 2: a) CBCT measurement of immediate post-operative remaining dentin thickness, b) CBCT
measurement of Six months post-operative maining dentin thickness
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Figure 3: a) CBCT measurement of immediate post-operative remaining dentin density, b) CBCT
measurement of Six months post-operative remaining dentin density

12. Statistical Analysis:

Clinical and Radiographic data
were collected, tabulated, checked
for normality and statistically ana-
lyzed to compare between the per-
formance of Diode laser and Silver
Diamine Fluoride.

Numerical data were explored for
normality by checking the distribu-
tion of data and using tests of nor-
mality (Kolmogorov-Smirnov and
Shapiro-Wilk tests). SPSS version
23.0 was used for data manage-
ment and data analysis. Median and
range when appropriate described
quantitative data. Where data were
non-normally distributed, the Wil-
coxon Signed Ranks Test for paired
comparisons and Kruskal-Wallis
Test for more than two study groups
comparisons. P value was two tailed
and considered significant at 0.05
level.

Results

1. Results of Clinical Assessment:

Results of clinical assessment
for all groups have shown success
rate of 100%, as there was positive
response to cold pulp testing, ab-
sence of postoperative pain, pain on
percussion, swelling, fistula or sinus
during all follow-up periods.

2. Results of Cone Beam Computed
Tomography Assessment:

2.1. Remaining Dentin Thickness
assessment:

The results of remaining dentin
thickness at immediate postopera-
tive assessment showed non-signif-
icant difference between the three
groups, with a P value of 0.445.
While group 2 (application of Di-
ode laser with an output power
of 0.5bwatt) have shown the highest

Table 1: Remaining Dentin thickness assessment among the study groups:

increase in the remaining dentin
thickness at six months post-opera-
tive assessment, with no statistical
significance among other groups,
with a P value of 0.466. However,
the paired comparison of remaining
dentin thickness between immedi-
ate and six months postoperative
assessment showed significant in-
crease in each group (Table 1, Fig-
ure 4).

2.2. Remaining Dentin Density
assessment:

The current study showed that
there was non-significant difference
between studied groups in remain-
ing dentin density at immediate
postoperative assessment. The p
value between the three studied
groups at immediate postoperative
assessment was 0.111 (statistically
insignificant difference). However,

Dentin Thickness Before | Dentin Thickness After p-value
(paired comparison)
Median Range Median Range
*
Group 1 2.03 1.77-2.37 2.52 2.27-2.88 0.011
*
Group 2 2.04 1.56-2.24 2.55 2.09-2.78 0.011
Group 3 1.98 1.61-2.14 2.47 2.07-2.62 0.011%
p-value
(between groups) 0.445 0.466

167
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Table 2: Remaining dentin density assessment among the study groups:

Dentin Density Before Dentin Density After _ p-value
(paired comparison)
Median Range Median Range
Group 1 529.44- 852.62- 0.012*
591.00 619.12 890.59b 960.42
Group 2 550.18- . 900.11- 0.012*
645.31 741.28 993.57 1081.24
Group 3 542.08- ab 816.95- 0.012*
650.26 792.56 924.36 1063.32
p-value 0.111 0.030*
(between groups)
Remaining Dentin Thickness Assessment Remaining Dentin Density Assessment
3 1000
25 800
g 600
15
400
1
200
0.5
0 0

Group 1
Goup 2

Group 3

m Immediate Postoperative Assessment

M Six months Postoperative Assessment

Figure 4: Bar chart showing remaining dentin thickness assessment

among the study groups.

the p value between the three stud-
ied groups at six months postoper-
ative assessment was 0.030* (statis-
tically significant difference), where
group 2 (application of Diode laser
with an output power of 0.5watt)
was significantly higher than group
1 (control), with no significant dif-
ference between the other group.
While the paired comparison of
remaining dentin density between
immediate and six months postop-
erative assessment showed signifi-
cantincrease in each group (Table 2,
Figure b).

the study groups.

Discussion

Invasive treatment strategies,
such as one-step full caries remov-
al, pose a considerable risk to the
pulpal health of the tooth, includ-
ing pulpal exposure, when treating
deep carious lesions in teeth with a
healthy pulp. These invasive strat-
egies assume that pulp vitality will
deteriorate in the future, and that
root canal treatment will be neces-
sary. Although this strategy may be
highly effective, it is more burden-
some and costly on an individual
and societal level, particularly in low

Group 1

Group 2
Group 3

B Immediate Postoperative Assessment

B Six months Postoperative Assessment

Figure 5: Bar chart showing remaining dentin density assessment among

and middle-income countries. As a
result, some patients may agree to
tooth extraction, in order to avoid
the cost of lengthy and expensive
restorative dental treatments [5].

To reduce unwanted pulpal expo-
sure, indirect pulp capping modality
have been adopted. The main objec-
tive of the indirect pulp treatment is
to maintain the vitality of teeth with
reversible pulp injury. The rationale
for this treatment modality is based
on the observation that reduction
in bacterial counts can help in uti-
lizing the healing potential of odon-
toblasts which results in deposition
of tertiary dentin matrix or sclerotic




dentin [22]. This is mediated by the
activation of endogenous signaling
molecules, which are present at the
dentinal matrix and are solubilized
by various agents used for indirect
pulp treatment [23].

Calcium hydroxide-based com-
pounds have been utilized exten-
sively as therapeutic agents for
Indirect Pulp Capping and other
procedures since they were first in-
troduced by Hermann in 1930. Py-
rophosphatase activity is increased
by the release of calcium, which
helps to maintain dentin mineral-
ization and create dentin bridges.
Considering newer materials, like as
mineral trioxide aggregate (MTA),
which exhibits outstanding promise
in endodontic applications such di-
rect pulp capping, was prompted by
the limitations of calcium hydroxide.
However, it is relatively more ex-
pensive, has a delayed setting time,
initial looseness, and poor handling
characteristics [24].

The search for an ideal material
for lining deep cavities is a matter of
ongoing research. Need to evaluate
different types of materials clinically
and compare them with each other
cannot be overemphasized. A nov-
el bioactive calcium silicate-based
cement called Biodentine has just
been introduced as a replacement
for dentin. This new biologically
active material aids its penetration
through opened dentinal tubules to
crystallise and interlock with dentin
and give mechanical qualities. It was
performed using cement technolo-
gy based on the MTA, and it exhib-
its benefits in various characteristics
including physical quality and han-
dling [25].

Regardless of the deep -caries
management strategy, it is essen-
tial to actively reduce the amount of
bacteria in infected dentin to guar-
antee the long-term vitality of the
tooth [26]. In this study, the remain-
ing carious dentin was treated using
either Diode laser with an output
power (0.5 watt) or Silver Diamine
Flouride.

Silver Diamine Fluoride (SDF), a
recently proposed indirect pulp cap-

ping substance, releases high fluo-
ride and encourages the formation
of reparative dentin. The original
purpose of silver diamine fluoride
(SDF) was as a cariostatic. Its effec-
tiveness in the treatment and pre-
vention of caries has been shown in
several clinical investigations [27].
SDF aids in the deposition of silver
phosphate to regain mineral con-
tent, which causes the tooth struc-
ture to reharden. Fluoride is also
released [28].

Diode laser is gaining popularity
in recent years and is considered
to be a breakthrough in the field of
dentistry as it enables dentists to
perform many dental treatments in
a faster and more efficient way [29].
It has a role in different procedures
including soft tissue procedures
mainly gingivectomy, frenectomy,
gingival depigmentation, and many
other surgeries. it is also used in
teeth desensitization and whitening
[30].

Regarding its antimicrobial effect,
diode laser has its widespread ap-
plication in periodontal pockets dis-
infection and endodontic treatment
owing to its ability to eliminate any
remaining viable bacteria with great
efficacy [31].

This antimicrobial effect, known
as the photothermal effect, is based
on a rise in temperature that kills off
bacterial cells [32]. Additionally, it is
important to note that superior clin-
ical outcomes have been demon-
strated when employing diode la-
sers with different parameters in
studies for direct pulp capping that
fall within the safe limits as suggest-
ed by Gutknecht et al 2005 [33]. As
said, the advantage of diode laser is
that it promotes greater pulpal tis-
sue repair and healing [35]. In order
to evaluate its potential and capacity
to promote the formation of repara-
tive dentin, cavity disinfection in the
current study was carried out using
a diode laser with an output power
of (0.5 watt [15]).

Regarding methods of assess-
ment performed in the present
study, clinical assessment with com-
bined binary outcome (success/fail-
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ure) for evaluation, was carried out
mainly using pulp vitality test (cold
test), along with percussion test and
visual assessment of signs of fail-
ure like swelling, sinus or fistula. It
is emphasized that any conclusions
should be interpreted with the idea
that only histologic procedures are
capable of conclusively diagnosing
pulpal health, which is not feasible in
clinical practice. Without a histolog-
ic diagnosis, clinicians must inter-
pret information gathered through
reported symptoms, palpation, per-
cussion, radiography, and pulp tests
with caution [36]. Cold testing, in
conjunction with radiographs, his-
tory, and clinical presentation, can
provide more reliable information
on the clinical success of maintain-
ing pulp vitality [37].

Cone beam computed tomogra-
phy was used in this study, as an-
other method of assessment. Since
the most apparent sign of pulp
damage repair is the creation of the
tertiary dentin matrix. According to
the degree of the elicited response
and the conditions under which the
new tissue matrix is generated, the
process of tertiary dentin deposition
can be categorized as reactionary or
reparative [38]. A desirable criterion
for a vital pulp treatment is that the
remineralized tissue develop a thick
structure approximating dentin to
adequately protect the pulp. Histo-
logic examinations are the sole way
to determine the thickness and type
of tissue generated [39]. However,
this cannot be carried out in a clin-
ical in vivo study.

Intraoral periapical radiographs or
panoramic imaging were the only
means for assessment of reparative
dentin formation, there are sever-
al limitations for using such tech-
niques [40]. such procedures pro-
vide two-dimensional imaging of a
three-dimensional structure, that
is considered to be an inaccurate
method of assessment.

Recently, cone beam comput-
ed tomography imaging is a nov-
el and noninvasive approach that
enables the examination of tooth
tissue without destroying it [41]. In
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addition, three-dimensional recon-
struction of cone beam computed
tomographic images eliminates the
superimposition of surrounding
structures [42]. So, such technique
analyzes the type and quantity of tis-
sue formed with direct and indirect
pulp capping treatment in terms of
thickness, to assess tertiary dentin
formation, and radiodensity, to as-
sess remineralization and thus pre-
dict the success of the procedure
accurately [43].

Regarding the time of cone beam
computed tomography assessment,
it was done after 6 months interval.
As previous studies have confirmed
radiographic increase in the min-
eral content mostly after 6 months
of clinical intervention [44]. Also, in
a study performed by Maltz et al.,
increased radioopacity and repara-
tive dentin formation after indirect
pulpal treatment, were significantly
observed in the first 6-7 months (no
change in radioopacity between 6-7
months and 36-45 months) [45].

Thus, the current study was car-
ried out to compare the preserva-
tion of pulp vitality by indirect pulp
capping using Diode laser and Silver
Diamine Flouride in management of
deep carious lesions. Performing
this study might be of great value,
since the usage of diode laser could
yield to better clinical outcomes in
management of deep carious le-
sions, minimizing the need for root
canal treatment. Also, this leads to
price reduction by decreasing the
number of procedures and visits
needed.

Results of the current study re-
garding the clinical assessment,
success rates for all groups were
100% at all follow up periods. The
clinical success reported could be
attributed to the correct diagnosis,
and the sealing of demineralized
dentin with a restoration, provid-
ing a proper peripheral and coronal
seal, depriving bacteria from the
oral cavity substrate. Thus, decreas-
ing bacterial load diversity, arresting
caries process, allowing time for
pulp to heal [3].

This was consistent with earli-
er research, as Elchaghaby et al.
2020 [46] reported clinical and ra-
diographic success rates of 100%
when comparing calcium hydroxide
with photoactivated disinfection for
indirect pulp treatment of young
permanent molars. Additionally,
these outcomes were comparable
to those reported by Gruythuysen
et al. in 2010 [47], who asserted that
indirect pulp treatments performed
on young patients’ primary and per-
manent teeth have demonstrated
great survival rates [47]. This was
also in line with Sharma et al.’s find-
ings from 2014 [20], who compared
the efficiency of photoactivated dis-
infection against calcium hydroxide
in disinfecting remaining carious
dentin in deep cavities and reported
successful outcomes for all treated
teeth at all follow-up intervals, with
only one tooth being considered a
failure.

According to the findings of the
current study, all three study groups
showed a considerable increase in
residual dentin thickness following
the application of the intervention,
with no statistically significant dif-
ferences between the groups. This
could be explained by the fact that,
independent of the technique used,
Biodentine was used in all groups
as an indirect pulp capping materi-
al, which contributed to the increase
in tertiary dentin development. This
can be explained by the superior
qualities of Biodentine as a dentine
substitute, as it can promote odon-
toblastic activity and reparative
dentin formation through the induc-
tion of cell differentiation, making it
completely biocompatible and able
to induce the apposition of the reac-
tionary dentin [25].

While regarding the results of the
remaining dentin density, the find-
ings of the current study showed
significant increase in three study
groups, where group 2 (application
of Diode laser with an output power
of 0.5watt) was significantly higher
than group 1 (control), with no sig-
nificant difference between the other
group. This was consistent with oth-

er in vitro and in vivo investigations
that found laser aided pulp capping
to have important advantages over
conventional methods [48]. Diode
laser also has a bio-stimulation im-
pact, which includes reducing in-
flammation and discomfort, increas-
ing cell growth, cyto-differentiating
odontoblastic-like cells, producing
dentin extracellular matrix, and cre-
ating reparative dentin [49]. These
findings were also in agreement
with other studies that supported
the biostimulatory role of laser ther-
apy on odontoblastic like cells en-
hancing dentinogenesis [50-53].

Due to its efficiency in reducing
the microbial load in the remaining
infected dentin and the fact that the
temperature rise is below the pulp’s
critical threshold, diode laser has
also been mentioned in the litera-
ture as a safe alternative strategy for
cavity disinfection [15, 54, 55]. Our
study’s findings were in line with
earlier studies’ findings that diode
laser is an efficient cavity disinfec-
tion and a cutting-edge strategy for
treating primary deep caries [56-59].

The primary mechanisms of this
antibacterial activity are the ther-
mal and photodisruptive effects
of the diode laser, which kill bac-
teria by destroying the integrity of
their cell walls and denaturing their
proteins because cellular proteins
are extremely sensitive to thermal
changes [56, 1, 60]. Additionally, it
causes the water inside the tubules
to expand and compress as deeply
as possible, which might result in an
acoustic wave powerful enough to
disturb bacteria [1, 57].

Such effectiveness might attribute
to better outcomes, by eradication
of the remaining cariogenic bacteria
in the infected dentin, which could
allow better pulp repair and repar-
ative dentin formation. However,
there is lack of evidence concerning
the long-term therapeutic effective-
ness of diode laser in the treatment
of deep caries lesions.

Group 3 (indirect pulp capping us-
ing Silver Diamine Fluoride) demon-
strated acceptable results in terms
of remaining dentin density, which




was consistent with earlier studies
that suggested Silver Diamine Flu-
oride could create an alkaline envi-
ronment to make CaF2 less soluble,
acting as a fluoride reservoir for acid
challenges by cariogenic bacteria,
preventing demineralization of hy-
droxyl apatite, and protecting colla-
gen from deterioration in demineral-
ized tissues [61].

Additionally, it has the ability to
greatly enhance dentin hardness
and decrease dentin collagen degra-
dation [62]. Because silver ions may
interact with negatively charged
peptidoglycans in bacterial cell
walls and impair membrane trans-
port function, which in turn causes
cellular deformities and loss of vi-
ability, silver diamine Flouride also
exhibits antibacterial characteristics
[12]. Additionally, fluoride ions can

promote the growth and alkaline
phosphatase activity of human den-
tal pulp cells at low concentrations,
which in turn results in the produc-
tion of reparative dentin [13].

Based on the findings of the cur-
rent study, the null hypothesis was
rejected. These could still favor the
usage of diode laser in management
of deep carious lesion, because of
its promising results, that might lead
to better clinical outcomes.

Limitations of the study include
enrollment of patients meeting the
inclusion criteria, compliance of pa-
tients for the follow-up periods, the
short-term follow-up period, so fur-
ther long-term evaluation of the clin-
ical success with larger sample size
should be performed.
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Conclusions

Within the limitations of the cur-
rent study, the following can be con-
cluded:

1. Using Biodentine in indirect
pulp capping is the treatment
of choice in management of
deep carious lesions.

2. Silver Diamine Flouride can be
used as an alternative indirect
pulp capping material.

3. Diode laser can show prom-
ising results in terms of cavity
disinfection & can have better
biomodulating outcomes on
the pulpal tissue healing and
repair.

Informed consent: informed con-
sents were obtained from all partici-
pants included in the study.
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