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Background: Minimally invasive dentistry benefits from advanced cavity preparation methods. This study examined
the effectiveness and patient outcomes of cavity preparation using two lasers: diode lasers and Er: YAG lasers.
Materials and Methods: Two equal groups of sixty extracted human premolars and molars with dentin involvement
and occlusal caries were randomly assigned. An Er: YAG laser (2940 nm, 200 mJ, 20 Hz, water-cooled) prepared the
cavities in Group A, while a diode laser (940 nm, 2.5 W pulsed, no water cooling) was used in Group B. The Munshi
grading system was used to score the caries removal visually, tactilely, and with caries detector dye under
stereomicroscopy. Preparation time was measured. Patients were asked to self-report their comfort and discomfort levels.
Descriptive statistics were used to analyze the data.

Results: Compared to the diode group (143.6 + 16.9 seconds, p<0.001), the Er: YAG laser group showed a significantly|
reduced mean preparation time (112.4 + 14.7 seconds). Compared to 50% in the diode group, 73.3% of Er: YAG-treated
teeth had complete caries eradication (Munshi score 0) (p=0.041). Er: YAG laser therapy also resulted in less local
anesthetic administration, better patient comfort, and lower pain scores.

Conclusion: In this in-vitro model, YAG laser cavity preparation demonstrated higher patient acceptability, efficiency,
and efficacy than diode laser preparation. When it comes to minimally invasive dental hard tissue treatment, it is a
promising first-choice method. Long-term follow-up investigations and more clinical testing are recommended to
validate these findings.
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In 1916, Albert Einstein's stimulated emission theory Adequate treatment environments have not been created
marked the beginning of the development of lasers. yet, though. Comparing patient outcomes and the
Theodore Maiman used synthetic ruby to create the efficacy of Er: YAG lasers and diode lasers in caries
first functional laser in 1960 [1]. Hard tissue can now removal is the goal of this study.

be ablated thanks to developments in laser dentistry,

which enhances dental visits [2]. The most widely The performance and patient-focused results of

used and clinically accepted laser in dentistry is the laser cavity preparation using two different laser
erbium-doped yttrium aluminum garnet (Er: YAG) systems in minimally invasive dentistry were

laser [3]. In addition to other dental procedures, it can compared in this in-vitro comparative study. The

be used to prepare cavities and excavate enamel and Institutional Review Board granted the study
dentin [4,5]. ethical clearance. According to the Declaration of
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Helsinki's ethical guidelines, every research
protocol was followed. For the investigation, 60
recently extracted human permanent premolars
and molars with occlusal carious lesions were
chosen. The individuals, who ranged in age from
15 to 30, had their teeth pulled for orthodontic or
periodontal purposes. Teeth with shallow Class 1l
or single-surface Class | carious lesions that
involved dentin but did not reveal pulp were
chosen. Lesions confined to the enamel, caries on
several surfaces, restorations, structural fractures,
abnormalities in development, or advanced caries
with exposure. Teeth were removed of soft tissue
remnants after extraction and stored in 0.1%
thymol at 4°C until use. Additionally, the samples
were divided into two groups of 30 teeth each at
random. Group B received a cavity preparation
using a diode laser system (Epic X, Biolase, USA),
while Group A received a cavity preparation using
an Er: YAG laser system (LightWalker, Fotona,
Slovenia). To prevent procedural variability and
inter-operator variance, a single calibrated and
trained operator treated each group for cavity
preparations.The Er: YAG laser in Group A was
set to a wavelength of 2940 nm and produced 200
mJ of energy per pulse at a frequency of 20 Hz. For
cooling, a laser and water-air spray were used. To
establish a reference for the location of healthy
dentin, the cavity was prepared using a 0.9 mm
spot size non-contact handpiece and swept
carefully outward from the center until the tactile
resistance was felt. The 940 nm diode laser was
used to treat Group B in pulsed mode. It had a 2.5
W output and an on/off pulse duration of 30 ms.
Water cooling was not used, and the 400 um fiber
optic tip was employed. The laser was briefly used,
controlled pulses to the infected dentin, and
softened dentin was dislodged with a sterile cotton
pellet between passes. The technique was stopped
after visual and tactile indications confirmed the
removal of infected dentin by evacuation.

To assess the effectiveness of caries eradication, a
visual and tactile examination was carried out. By
identifying soft, carious dentin, a stiff dental

explorer was used to determine whether any
"catch" or "tug-back™ feeling was still present.
After that, a caries detector dye (Sable & Seek,
Ultradent) was applied to the cavities' surfaces, left
on for 20 seconds, and then washed off with saline.
After the surfaces were examined under a
stereomicroscope, the degree of caries removal
was graded using the standards set by Munshi et al.
[6]. The score ranged from O (complete caries
removal) to 5 (significant residual caries on several
surfaces).

In this study, two important outcomes were
examined. First, a digital stopwatch was used to
measure the time needed to remove the caries
from the moment the laser was activated until a
verbal confirmation that the removal was
successful was given. Second, Munshi's scoring
system and stereomicroscopic examination were
used to assess the effectiveness of caries
eradication. SPSS version 21.0 was used to
collect and analyze all the data (IBM Corp.,
Armonk, NY, USA). For continuous variables,
mean and standard deviation were computed,
whilst frequency and percentage were used to
characterize categorical variables. The Chi-
square test was used to compare categorical
results between groups, and a p-value of less than
0.05 was deemed statistically significant.

According to the study's findings, the Er: YAG
laser system outperformed the diode laser in
terms of both clinical and procedural efficacy.
The mean cavity preparation time for Group A
(Er: YAG) was significantly less than that of
Group B (diode) (112.4 + 14.7 seconds, p<0.001;
Table 1). In terms of efficacy, 73.3% of Er: YAG
teeth achieved complete caries -eradication,
compared to 50% in the diode group alone.
Deeper sections showed reduced evidence of
residual caries (p=0.04; Table 2). Furthermore,
according to patient-reported results, patients
who had Er: YAG laser treatment reported feeling
more comfortable, having less discomfort, and
requiring less local anesthetic (Table 3).

Table 1. Mean time required for cavity preparation in each group

Group Laser Mean Time Standard Deviation p-
Type (seconds) (xSD) value

Group ErYAG 112.4 14.7 <0.001

A

Group Diode 143.6 16.9

B

Statistically significant difference between groups (p < 0.05), Group A: Er: YAG, Group B: Diode.
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Table 2. Efficacy of caries removal

Score | Description Group A Group B
N (%) N (%)
0 All caries eliminated 22 (73.3%) 15 (50.0%)
1 Caries present at the base only 5 (16.7%) 7 (23.3%)
2 Caries at one or more walls/base 2 (6.7%) 5 (16.7%)
3 Caries at two walls and/or base 1 (3.3%) 2 (6.7%)
4 Caries at more than two walls and base | 0 (0%) 1 (3.3%)
5 Caries at walls, base, and margins 0 (0%) 0 (0%)
Group A: Er:YAG, Group B: Diode.
Table 3. Patient-centered outcomes
Parameter Group Group B | p-value
(MeantSD) | (MeantSD)
Mean Pain Score (0-10 scale) 2.1+1.2 4.3+1.5 <0.001
Patient Comfort (% reporting comfortable) | 86.7% 63.3% 0.019
Need for Local Anesthesia 2 (6.7%) 7 (23.3%) 0.038

Group A: Er:YAG, Group B: Diode.

The research established that Er: YAG lasers were
superior to diode lasers in managing caries.
Restorations prepared using lasers are of high clinical
efficacy with no smear layer, rough surface, or
erupting dentinal tubules [7, 8, 9]. Dentists, however,
need to be careful not to cause failures of cavities. The
best parameters for Er: YAG laser use are pulse
energy, pulse frequency, pulse duration, and contact
tip [10]. In our investigation, the Er: YAG group's
mean cavity preparation time was less (112.4 + 14.7
seconds) than that of the diode group (143.6 = 16.9
seconds, p < 0.001). Our results are corroborated by a
prior study that evaluated cavity preparation in 95
teeth belonging to 45 patients using an Er: YAG laser,
with an average total surgical duration of 49 seconds
[11]. Our results showed that the Er: YAG laser-
treated teeth had the best caries eradication rate, at
73.3%, compared to 50% in the diode laser group. Er:
YAG laser-activated root canal preparation has
previously demonstrated remarkable efficacy in
removing smear layers from thirty healthy single-
rooted human teeth [12]. One of the key reasons to use
the Er: YAG laser over all other lasers is its 15 times
greater water absorption compared to the carbon
dioxide laser and 20,000 times that of the neodymium-
doped yttrium aluminium garnet (Nd: YAG) laser
[13]. Patient self-reports of fewer pain scores, more
comfort, and less local anesthesia were common in the
Er: YAG group in this research finding.

In every pain perception clinical experiment, laser
preparation caused less pain than traditional drilling in
both children and adolescents [14,15] and adults
[16,17]. 40 children, ages 4 to 12, participated in

clinical research in which two carious teeth were prepared
in each child using an Er: YAG laser and a traditional
mechanical method, both without the use of local
anesthesia [14]. Following the application of a bonding
agent, a light-cured composite was used to restore every
tooth. 82.5% of the children experienced no discomfort
during laser-assisted cavity preparation, according to a
pain perception analysis. Children who received standard
mechanical preparation also moved their heads and
bodies more, indicating increased discomfort. Er: The
preparation time for YAG laser therapy was almost 2.35
times longer than that of conventional therapy, was still
preferred by 92% of the children to receive therapy in the
future. 206 preparations on 194 teeth were analyzed in a
study involving 103 patients [16]. Vital responses (ice
test) were obtained from every tooth before and after
treatment. Patients found laser treatment to be more
comfortable than mechanical treatment, and the
difference was statistically significant. Eleven percent of
mechanical preparation and six percent of laser
application required local anesthesia during treatment.
82% of patients stated that they would prefer the Er: YAG
laser preparation for future caries treatment, while 80% of
patients reported that the traditional preparation caused

greater discomfort than the laser treatment [15]. All these
findings verify the potential in ensuring patient comfort
through the application of laser-assisted cavity
preparation.

Strengths and Limitations

Strengths of studies are that the in-vitro design was exact,
comparing Er: YAG and diode laser systems with
identical protocols by one operator. Employing human
extracted teeth with carious lesions is more clinically
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relevant. More than one outcome was measured, such
as procedure time, caries removal (Munshi scale), and
patient questionnaires. Methodological quality with
ethical approval and randomization improves validity.
Limitations are the in-vitro character that might not
effectively mimic clinical conditions with confounders
such as saliva and oral microbiota. Statistical power
may be constrained by the sample size (30 per arm).
Data concerning the long-term success of restoration
and tooth vitality are not provided in the study.
Various parameters between the diode and Er: YAG
lasers may influence the comparison of efficacy. Lack
of a control group with mechanical preparation
confines the interpretation of laser effectiveness.

The Er: YAG laser had better performance than the
diode laser in minimally invasive cavity preparation
by significantly decreasing procedural time, having
more extensive caries removal, and improving patient
comfort with lower pain scores and less need for local
anesthesia. These results justify the preferential
utilization of Er: YAG laser systems for hard tissue
cavity preparation in minimally invasive dentistry.
Even though diode lasers can continue to function as
adjunctive or soft tissue devices, practitioners with
objectives toward maximum clinical effectiveness and
patient-focused outcomes should include Er: YAG
lasers in their practices. Future studies with larger
populations, long-term clinical results, and head-to-
head comparisons with traditional mechanical
preparation are needed to further define laser protocols
and advantages.
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