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ABSTRACT
Aim: To assess the antimicrobial effect of diode laser in deep carious lesions after step wise
excavation of the tooth using bacteriological assessment method.
Methodology: Thirty permanent molar in fifteen participants with deep occlusal carious lesions
were randomly assigned into two groups (15 teeth each) group 1: Ca2OH stepwise excavation,
group 2: laser disinfection. After cavity preparation, dentin samples were collected at baseline,
after immediate disinfection with diode laser device and after six months follow up. Another dentin
samples were collected from both Ca2OH stepwise excavation and laser disinfection groups. These
samples were subjected to microbiological evaluation, Streptococcus mutans on mitis salivarius
(MS) agar, and Lactobacilli (LB) on Lactobacillus MRS Agar.
Results: The results showed that diode laser had a significant difference from Ca2OH stepwise
excavation group as it had a significant reduction on Streptococcus mutans and Lactobacillus
counts in the laser disinfection group.
Conclusions: The antibacterial effect of diode laser in the deep occlusal cavities was significantly
different from Ca2OH excavation group. Diode laser disinfection method demonstrated successful
clinical measurements when accompanied with step wise technique.
KEYWORDS: Step wise, Deep carious lesions, Microbiological assessment, Diode laser,
Disinfection.
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INTRODUCTION
The management of deep carious lesions presents a significant challenge, as during their excavation of the deep carious lesions there are chances for
breaking the dentin barrier inducing severe inflammatory reactions in the pulp and may cause pulpal
necrosis Singhal et al, (2016).
Deep carious lesions can be managed by using
total or partial caries removal techniques. Total
caries removal is performed by complete removal
of all caries (the central and the peripheral caries
biomass) in one visit before definitive restoration.
However, this might results in a higher incidence of
pulp exposures Hoeﬂer et al. (2016). To minimize
the risk of pulp exposure, partial caries removal
technique could be used, as it is less invasive and
considered as an alternative to the complete caries
removal technique which maintains the deeper layer
of partially infected carious dentin. The deep layer
of infected dentin can be remineralized when covered with a liner, and the tooth definitively restored
Singhal et al. (2016).The stepwise excavation technique must be used with vital teeth by removing all
carious tissues in two appointments, thus reducing
the risk for pulp exposure Opal et al. (2014).
Yet, several microbiological studies had reported the persistence of bacteria in dentin in cavities
treated by partial caries removal techniques. Clinical trials with long-term follow up demonstrated
cariogenic microorganisms persist under restorations and have an important role in the development
of secondary caries. It is reported that numerous
bacteria might remain in dentinal tubules after cariostatic-sealed restorations Ersin et al. (2006) Lee
et al. (2006) Orhan et al. (2008). The use of an
antibacterial agent was found to be very important
to reduce the residual bacteria before restoring the
cavity. Singhal et al. (2016) Diode laser is able to
produce an antibacterial effect on the carious tissue
with a minimal amount of thermal disruption to the
tooth by different mechanisms including thermal
and photodiseruptive effects that are considered the
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principal reasons for the laser to eliminate the bacteria Parirokh et al. (2007). The application of diode
Laser in root canal disinfection showed promising
results in effectively reducing the microbial load in
infected root canals. Yet no availability of reports
till date in regard to cavity disinfection, so it is
worth considering testing the effect of using diode
laser in cavity disinfection.
MATERIALS AND METHODS
This study was performed at the outpatient clinic
of Conservative Dentistry Department, Faculty of
Dentistry and Cairo University. All the procedures
performed in this study were in accordance with the
ethical standards of the institutional research ethics
committee. An informed consent was obtained
from all the participants after a detailed explanation
of the aim of the study. A protocol was registered
in ClinicalTrials.gov (Protocol Registration
and Results System (PRS)) database under ID
(NCT03298165). The study was performed in
a split-mouth design. The study samples were
divided into two groups, control group (Ca (OH)2
stepwise excavation group) and intervention group
(laser disinfection group). From each cavity dentin
samples were taken (baseline sample). For Ca (OH)2
stepwise excavation group two dentin samples
were taken at baseline and after six months. For
laser disinfection group three dentin samples were
taken at baseline, after immediate disinfection and
after six months. These samples were tested for
microbiological analysis.
Sample size calculation
Based on a previous study by Mohan et al.
(2016) the difference in bacterial counts between at
least 2 groups is 83.3±70. Using power 80% and 5%
significance level as 12 participants were assigned in
each group. Yet the number was increased to a total
15 participants in each group to allow for losses of
around 25%. Sample size calculation was achieved
using PS: Power and Sample Size Calculation
software Version 3.1.2.
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Patients with at least two deep occlusal carious
lesions (in any two different quadrants), male or
female aged between 18 -25 years in good general
health were selected. Eligibility criteria of teeth:
The lesions were coronal, active, in the inner half of
dentine, absence of sign and symptoms of pulpitis
and any periapical lesions.
After local anesthesia application and rubber
dam isolation, removal of deep carious tissue was
performed following the guidelines published by
the International Caries Consensus Collaboration
(ICCC) .Caries at the lateral walls of the cavity
and at the enamel–dentin junction was completely
removed with a sharp, sterile excavator (Maillefer,
Dentsply, Switzerland). The central cariogenic
biomasses and superficial part of the carious dentin
were removed.
Baseline dentin sample collection: Samples
were collected from both Ca2OH stepwise excavation
group and laser disinfection group using another
sharp, sterile excavator to avoid contamination from
surface dentin Modimi et al. (2016). The dentin
samples were immediately transferred to a sterile
disposable test tube containing 1.5 ml thioglycollate
medium used as a carrier and then transported in
an ice box to the microbiology laboratory for
processing, within two hours, After incubation the
number of bacteria obtained for a given amount of
dentin was used to estimate the number of bacteria
present in 1 mg dentin (CFU/mg). Lula et al.
(2009) and Singhal et al. (2016)
Laser disinfection group (intervention group):
In each participant one cavity was disinfected
with diode laser device as follows: the cavity was
irradiated in contact mode with continuous wave of
radiation. The laser light was transferred through
a 400µm flexible fiber optic tip by a special hand
piece. According to manufactures instructions the
fiber optic was inserted inside the cavity with a
spiral continuous movement clockwise from the
top to the floor and anti-clockwise in the reverse
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direction Al habeeb et al. (2013). Irradiation time
was 15 seconds and repeated three times for 15
seconds interval with contact, pulsed mode and the
output power was adjusted at 1.30W, after using
the diode laser, the cavity was rinsed with distilled
water. The second sample was taken using another
sterile, sharp excavator Mohan et al. (2016). Then
the cavity were restored and sealed with glass
ionomer restoration (Equia™ Fil), the material was
applied according to manufacturer instructions.
Ca (OH)2 stepwise excavation group (control
group): After taking the baseline dentin sample
from the prepared cavity, the bottom of the cavity
was lined with a calcium hydroxide-containing
base material (Urbical, Promedica, Germany).
The cavity was restored and sealed with glass
ionomer restoration (Equia™ Fil) same as the laser
disinfection group Bjørndal et al. (2010) Firmino
et al. (2018).
Stepwise excavation procedure: After six
months period, the integrity of the intermediate
restoration was checked up, the rubber dam
application, the transitional glass ionomer filling
and calcium hydroxide liner were totally removed
from both cavities using the same tools used in the
first visit, another dentine sample was taken for
microbiological study Orhan et al. (2008). Stepwise
excavation for hardened dentine layer and removal
of the residual carious tissue was performed using a
sharp excavator .The excavation end point was the
detection of firm dentine at the pulpal floor using a
sharp dental explorer. The cavity was cleaned using
wet cotton, dried and then finally restored by resin
composite restoration Singhal et al.(2016) Firmino
et al. (2018).
Microbiological Analysis: Singhal et al. (2016)
Firmino et al. (2018)
The sterilized test tubes containing the dentin
samples were shaken in a vortex for 30 s to disperse
bacterial aggregates and decimal dilutions were
then prepared in sterile saline (0.9% NaCl). Next,
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50 μl aliquots of each dilution were spread using
micropipette onto the following solid media and
spread on the surface of the agar using sterile glass
rod to give homogenous bacterial growth. Mitis
salivarius agar (MSA) (HiMedia Laboratories Pvt.
Ltd.india) was used for Streptococcus sp. count
and MSA was supplemented with 20% sucrose,
0.2 units/ml bacitracin, and 1% potassium tellurite
(mitis-salivarius bacitracin [MSB]) for mutans
streptococci count. The MSA plates were incubated
in an atmosphere of 5% CO2 inside candle jar for 48
h. Lactobacillus MRS Agar (HiMedia Laboratories
Pvt. Ltd India) was used for lactobacillus count. The
MRS plates were incubated anaerobically at 37˚C
for 24-72 hours in a CO2 incubator. After incubation,
the numbers of colony forming units (CFUs) were
performed
Statistical analysis
Data explored for normality using Kolmogorov–
Smirnov test. Independent t-test used to compare
between each 2 groups for Log CFU/ml. Dependent
t-test used compared between before and after Laser
application for each group. Repeated ANOVA
used to compare between follow-up periods for
intervention group followed by pairwise with
Bonferroni correction. Significant level was set
at 0.05 (α=0.05). Statistical analysis was done
using Statistical Package for the Social Sciences
(IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp
RESULTS
From a total of 15 enrolled participants, two
were subsequently excluded from the analysis, (one
left the trial due to the military service and another
not answering the phone), thus the final sample
consisted of 13 patients, 13 teeth in the Ca (OH)2
stepwise excavation group and 13 teeth in the laser
disinfection group. During the follow-up period, no
patients had signs or symptoms consistent with pulp
alteration. Results of the current study revealed that
on comparing streptococcus mutans log (CFU/ml)
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and lactobacilli log (CFU/ml) at different follow up
intervals; baseline, immediate laser disinfection and
after six months of laser disinfection group there
was a significant reduction in the log CFU/ml at
mean and SD (2.02±0.19), (1.34±0.21), (1.05±0.41)
respectively resulted at p≤0.001.
TABLE (1) Mean and standard deviation (SD)

for Log CFU/ml at different follow-up
periods for the laser disinfection group.

Laser

After

Baseline

After six

immediate

months

disinfection Mean

SD

Mean

SD

Mean

SD

2.02a

0.19

1.34b

0.21

1.05c

0.41

P-value
≤0.001*

Different letter within column indicates significant
difference
*=significant, NS=Non-significant

Comparing streptococcus mutans log (CFU/ml)
and lactobacilli log (CFU/ml) at different follow
up intervals; baseline and after six months of both
Ca(OH)2 stepwise excavation and laser disinfection
group there was a significant reduction in the log
CFU/ml at mean and SD (1.96±0.19), (1.77±0.10)
for Ca(OH)2 stepwise excavation group resulted
at p=0.008 and (2.02±0.19), (1.05±0.41) for laser
intervention group resulted at p≤0.001.
Table 2: Mean and standard deviation (SD) for Log
CFU/ml of Ca (OH)2 stepwise excavation
and laser disinfection groups at different
follow-up periods.
Group

Ca(OH)2 stepwise
excavation

laser

disinfection

p-value

Mean

SD

Mean

SD

Baseline

1.96

0.19

2.02

0.19

0.401 NS

Six months

1.77

0.10

1.05

0.41

≤0.001*

P-value

0.008*

≤0.001*

*=significant, NS=Non-significant
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DISCUSSION
Diode Laser can be used for a multiple dental
procedures, predominantly soft tissue procedures
such as gingivectomy, pulpotomy, frenectomy, and
some hard tissue procedures such as root canal
disinfection and tooth whitening Pirnat (2007) and
Maturo et al. (2013). In the diode laser disinfection
group, the irradiation technique was used in
cycles; each cycle consisted of 15 seconds with
15 second intervals and three cycles of irradiation
were applied. This technique was recommended
because streptococcus mutans and lactobacillus are
a gram-positive, non-motile, short-rod facultative
anaerobe. They are relatively resistant to laser
irradiation because of their tough cell wall, so they
required more than one cycle of laser irradiation
to reach the deeper layer and disrupt it Lee et al.
(2006). The output power was adjusted at 1.30W,
according to a previous pilot study; it was the most
efficient to disinfect the cavity while avoiding
thermal effect to the pulp, as the thermal effect is
the most important to be considered during laser
applications. This was suggested by Al habeeb et
al. (2013). The prime benefit of a pulsed mode will
be the capacity of the target tissue to cool between
successive pulses. The continuous mode is generally
the fastest way to ablate tissues but heat can build
up and cause collateral damage to the target and
adjacent tissues Prinat (2007). The laser beam was
delivered through a ﬂexible 400µm optic ﬁber with
a spiral continuous movement clockwise from the
top to the floor and anti-clockwise in the reverse
direction. This improves the distribution of the laser
lig ht inside the cavity also avoid excessive heat
generation and carbonization in the internal cavity
surface Al habeeb et al. (2013).
On the other hand, Ca (OH) 2 stepwise
excavation acts as follows; the ﬁrst phase inactivates
caries progression and allows the occurrence of
physiological reactions in the pulp-dentine complex
represented by dentine sclerosis and tertiary
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dentine formation. Over time this makes carious
dentin easier to remove without exposing the
pulp at the ﬁnal excavation. Such reactions might
also be enhanced by placing a calcium hydroxide
compound on the remaining carious dentin. Calcium
hydroxide is used for lining specific areas of
deep cavities or for direct pulp capping. Initially
it is bactericidal then bacteriostatic, it stimulates the
formation of reparative dentin as its high pH creates
an alkaline environment stimulates fibroblasts and
increase the availability of calcium ions Maltz et
al. (2002) Pinto et al. (2006) Bjørndal et al. (2010)
Sangwan et al. (2013) Song et al. (2017).
A transitional restoration was chosen to be high
viscosity glass ionomer restoration. It has been
usually used with stepwise excavation techniques
due to its clinical efficiency as chemical adhesion,
biocompatibility, bioactive, releasing of fluoride,
and nearly coefficient of linear thermal expansion
and modulus of elasticity to that of the tooth
structure Corralo and Maltz (2013) MenezesSilva et al. (2019).
The results of this study showed that when
comparing bacterial count of the laser disinfection
group at the baseline and after immediate
disinfection there was a significant difference in
reduction of the bacterial count. Lee et al. (2006)
Parirokh et al. (2007) Gordon et al. (2007) Alhabeeb et al. (2013) Mohan et al. (2016) Arslan
et al. (2019) support this result. They explained
that there are different mechanisms regarding the
antibacterial effect of diode laser. The principal
reasons are the thermal and photodiseruptive effects
of diode laser, as it causes lethal damage to bacterial
cells due to destruction of the cell wall integrity
and denaturation of proteins: as the cellular protein
is highly sensitive to the thermal changes leading
to cell death. Also the possibility of occluding
the dentinal tubules resulting from thermal effect
of laser on dentin cells leads to the entrapping of
the invading microorganisms and reduction of the
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dentinal fluid as a source of nutrition. Another fact
was that the diode laser beam is highly absorbed
by water more than dental tissues when compared
to other types of laser. This characteristic means
greater penetration of laser beam through the cavity
with little interaction on the dentin, making it to act
on the microorganisms present inside the dentinal
tubules Safan et al. (2014). It was observed that
there was a dramatic reduction of the bacterial
count after six months of laser disinfection group,
this could be due to the antibacterial effect of diode
laser which decrease bacterial count. Moreover, the
sealing of the cavity with cariostatic filling material
changed the ecology and restricted neutral supply
from oral cavity to the microorganism Pinto et al.
(2006) Orhan et al. (2008) Firmino et al. (2018).
Comparing the mean values of the Streptococcus
mutans and Lactobacillus count after Ca (OH) 2
step wise excavation group; at the baseline and after
six months period, the six months showed reduction
of bacterial count more than that reported at base
line with a significant difference p=0.008. This
result was in agreement with Bjørndal and Larsen
(2000) Maltz et al. (2002) Paddick et al. (2005)
Orhan et al. (2008) Lula et al. (2009) Maltz et al.
(2012) Firmino et al. (2018

advantageous properties supported by the current
study that using such method could be a promising
step into preserving the pulp vitality and the
remaining tooth structure. Hopefully in the future,
laser disinfection could be more accessible to the
dental practice

On the other hand some clinical studies showed
that there was no need for re- entry to remove the
residual dentine, as the second removal step may
increase risks of pulpal exposure in addition to the
added cost, time and effort. Schwendicke et al.
(2016) El hennawy et al. (2018) Bjørndal et al.
(2019) Innes and Schwendicke (2019). Stepwise
excavation technique in deep lesions is a promising
alternative for preserving pulp vitality as it showing
clinical success even after several years Hoeﬂer et
al. (2016) Bjørndal et al. (2017) Firmino et al.
(2018).
An obstacle to using diode laser in daily dental
practice is its high cost, however there are many

CONCLUSION
Lactobacillus being the driving force in the
spread of deep carious lesion could be better
controlled by diode laser disinfection. Step wise
technique proved to be clinically efficient technique
for management of deep carious lesion. Diode laser
disinfection method demonstrated a successful
clinical measurement when accompanied by step
wise technique.
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