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Abstract

This study compares the clinical efficacy of erbium-doped:yttrium-aluminium-garnet
(Er:YAG) laser and traditional dental turbine in caries removal in children. The study
cohort comprised 78 children aged 5 to 10 years with caries in two symmetrical maxillary
molars. Different carious sides of the same child were randomly divided into control
and observed sides. For each child, the caries on the control side were treated with a
traditional dental turbine, while the observed side was treated with an Er:YAG laser.
The study evaluated the use of anesthetics, pain levels, tooth hypersensitivity and
the occurrence and severity of tooth fractures during caries removal with different
methods. Additionally, the clinical anxiety and cooperative behavior of the children
were observed. The time required for caries removal and cavity preparation by both
methods was recorded, and the success rate of treatment was assessed after one year of
follow-up. The results indicated a significant reduction in the use of anesthetics, pain and
the incidence and severity of tooth hypersensitivity with the use of Er:YAG laser (p <
0.05). No significant difference was found in the occurrence of tooth fractures between
the two groups (p > 0.05). The children treated with Er:YAG laser demonstrated better
clinical anxiety levels and cooperative behavior. However, the time required for cavity
preparation was longer with the use of Er: YAG laser (p < 0.05). After a 12-month follow-
up, there was no significant difference in the success rate of treatment between the two
groups (p > 0.05). In conclusion, compared to the traditional dental turbine, the use of
Er:YAG laser improves treatment comfort and cooperation in children with caries and
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reduces the need for intraoperative anesthetics.

Keywords

Dental caries; Er:YAG laser; Dental turbine

1. Introduction

Dental caries is the most common oral disease in clinical
practice. It will reduce the masticatory function of children and
lead to food debris stagnating in the oral cavity. If deciduous
dental caries develops into apical periodontitis, it will affect the
tooth-germ of succedaneous teeth, resulting in caries in newly
erupted permanent teeth. Because the decreased masticatory
function will also affect the nutritional intake of children,
dental caries will also reduce the body immunity and affect
their growth and development of children [1-3]. The standard
procedures for treating caries involve caries removal, cavity
preparation and filling. Caries removal is the initial and most
daunting step, often resulting in low cooperation from children
[4—6]. The dental turbine, commonly used in clinical practice,
facilitates swift and labor-saving caries removal. However,
the noise and significant vibration associated with turbine
use reduce children’s intraoperative cooperation, complicating
the treatment process [7—10]. Additionally, the cooling wa-
ter system used during caries removal increases discomfort,
particularly for children, necessitating local anesthesia and

thereby increasing treatment difficulty and surgical risk. The
Er laser is a mid-infrared laser maximally absorbed by water
and hydroxyapatite in dental tissue, producing a “microburst”
effect that effectively removes carious tissue from enamel and
dentin [11, 12]. Compared with traditional turbines, Er:YAG
laser treatment is more comfortable. However, due to the
individual differences in biological tissues, there is no uniform
standard for Er:YAG laser parameter selection, irradiation an-
gle, distance and other operating procedures. It has been
reported that Er:YAG laser will reduce the bond strength,
denature the dentin surface layer, destroy the wet bonding,
and is not conducive to the formation of mixed layer and
resin tag. Hence, the practical application value is still in the
research stage [13]. In this study, we compared the clinical
application value of the traditional dental turbine and the Er
laser in children with dental caries to determine a more suitable
method for caries removal in this population.

2. Materials and methods

This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).
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2.1 General data

Seventy-eight children with dental caries admitted to the hos-
pital from January 2021 to January 2022 were enrolled in the
study. All procedures performed in studies involving human
participants were in accordance with the standards upheld by
the Ethics Committee of Lishui People’s Hospital. The study
inclusion criteria were children aged 5 to 10 years with caries
in two symmetrical maxillary molars, specifically classified
as shallow dentin caries (degree II), where the cavity floor is
in superficial dentin with normal dentin separating the caries
from the pulp cavity, and no history of prior oral treatment.
All treatment procedures were performed by the same dentist
who had worked clinically for >5 years, and parental consent
was obtained for participation. Comparatively, those unable
to cooperate during treatment sessions, showing radiographic
evidence of caries extending into the dental pulp, and those
with dental dysplasia or malformed teeth unsuitable for con-
ventional cavity preparation were excluded from the study.
Sample size calculation basis: The main outcome measure of
this clinical experimental study is the success rate of caries
removal. The sample size is calculated by using the above
indicators, respectively. The calculation formula of paired ¢-

test was utilized: N=[ e 2200 1" 0,05, 5=0.10. The
calculation outcome of the maximum sample size calculated
by each indicator is 68. The sample size is expanded to 78
considering the loss to follow-up and the actual situation.

2.2 Treatments

2.2.1 Therapeutic instruments and reagents

The instruments and reagents utilized in the study included the
HANS-MDWLG6 erbium laser dental therapeutic instrument
(Shenzhen, China, Han’s Laser Technology Industry Group
Co., Ltd.), the PANA-MAX handpiece and NSK bur (Japan,
NSK Group), a light curing machine (France, MINI LED),
and Spectrum composite resin and Prime & Bond adhesive
(Germany, Dentsply).

2.2.2 Treatment methods

Different carious sides of the same child were randomly di-
vided into control and observed sides. The control side was
decontaminated with a traditional dental turbine, while the
observed side was decontaminated with an Er:YAG laser. Ac-
cording to the random number table, the solutions and the
order of treating two carious teeth were determined. The
children completed the treatment of two carious teeth in the
same diagnosis and treatment.

(1) For each child in the study, decayed teeth on one side
were treated using a traditional dental turbine (control side, n
= 78), while the opposite side received treatment with an Er
laser for caries removal (observed side, n = 78). Treatment
allocation was determined using a random number table to
ensure a balanced assignment. The procedure for caries re-
moval with the traditional dental turbine followed established
principles: removal of carious and softened tooth tissues to
reduce pulp irritation, protect the pulp, and preserve healthy
tooth structure. Initially, softened superficial carious tissue
was excavated using a dental excavator. Subsequently, a

high-speed dental turbine handpiece (Dental Diamond Burs,
300,000 rpm/min) was used for the efficient removal of carious
tissue, followed by a low-speed handpiece (Carbide Dental
Burs, 15,000 rpm/min) for deeper caries. NO. 2 round bur was
utilized. Probe checks the efficacy of caries removal. Proper
technique with the high and low-speed handpieces was strictly
adhered to, with attention to intraoperative heating and cooling
management.

(2) Caries removal using the Er:YAG laser (HANS-MDWL6
erbium laser dental therapeutic instrument) followed specific
protocols for caries removal and cavity preparation. The
laser parameters were set at 300 mJ and 8 Hz frequency.
The laser probe was positioned within 1 mm of the caries
lesion and aligned accordingly. A non-contact scanner was
utilized to sculpt the cavity shape by removing carious tis-
sue. Different treatment parameters were applied depending
on whether enamel or dentin was targeted. The procedure
involved iterative passes until all caries tissue was completely
eliminated.

(3) During treatment, if a child experienced unbearable pain,
local anesthesia using 2% lidocaine hydrochloride was admin-
istered with parental consent before proceeding. Following
complete caries removal and cavity preparation, restoration
and filling procedures were conducted, which involved apply-
ing 35% phosphoric acid etching for 15 seconds, followed by a
20-second rinse and gentle drying. Subsequently, light-cured
adhesive (B-7202P, 6 mL per bottle, CFDA (I) 20163630686)
was applied according to manufacturer instructions and cured
for 10 seconds with light activation. Resin (Bullet pack: 20
x 0.25 g/box, SFDA (I) 20133630133) was then applied and
cured for 20 seconds to facilitate occlusal adjustment and
polishing.

2.2.3 Outcome measures

(1) The assessment during treatment of two caries removal
methods included scoring based on the following criteria: the
use of anesthetics (not used: 0 points, used once: 1 point, used
twice: 2 points), presence of pain (none: 0 points, mild pain: 2
points, moderate pain tolerated: 4 points, severe pain requiring
medication: 6 points), tooth hypersensitivity (none: 0 points,
mild: 2 points, moderate: 4 points, severe: 6 points) and tooth
fracture (none: 0 points, mild: <2 mm: 2 points, moderate:
3-5 mm: 4 points, severe: >6 mm: 6 points).

(2) To compare anxiety and cooperative behavior in chil-
dren undergoing treatment with two caries removal methods
[14], the Venham Clinical Anxiety and Cooperative Behavior
Rating Scale was used. This scale ranges from 0 to 5 points,
where scores represent the following states: 0 for free, 1 for
uncomfortable, 2 for nervous, 3 for reluctant, 4 for fearful and
5 for out of control. Doctors assign scores based on the child’s
expression, interaction, body language, and speech intonation
during the procedure. Higher scores indicate greater anxiety
and poorer cooperative behavior.

(3) The time for caries removal and cavity preparation was
compared between the two groups.

(4) The success rate of caries removal in both groups was
evaluated by having children return to the hospital 12 months
post-surgery. Treatment success was determined based on
well-established criteria [15], including asymptomatic teeth,



intact fillings, smooth surface, absence of loosening or shed-
ding, good marginal adaptation and no secondary caries in the
treated area. Treatment was considered unsuccessful if pulpitis
symptoms were present, significant marginal staining of filling
material occurred, gaps or loosening occurred, or secondary
dental caries developed in the treated area.

Note: All indicators were measured, evaluated, and col-
lected by the same dentist who had received systematic training
to ensure accuracy and consistency of the outcomes.

2.2.4 Data collection

Data collection and entry were performed using a two-person
data entry method to ensure accuracy.

Two-person data entry refers to that two entry personnel use
the same data structure to independently enter data informa-
tion, and this method can further check the accuracy of data by
comparing the entry results of two entry personnel.

2.2.5 Statistical methods

Data were processed using SPSS 27.0 statistical software
(IBM, Chicago, IL, USA). Measurement data were presented
as mean =+ standard deviation (%s). Independent sample
t-tests were applied to compare means between groups.
Enumeration data were presented as percentages (n (%)), and
x? tests were used for comparisons. Rank sum tests were
utilized for ordinal data, with p < 0.05 considered statistically
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significant.

3. Results

3.1 Comparison of narcotic use, pain, tooth
hypersensitivity and tooth fracture during
treatment between both groups

The use of anesthetics, pain and tooth hypersensitivity were
lower on the observed side compared to the control side during
treatment, with statistically significant differences (p < 0.05).
There was no statistically significant difference in tooth frac-
ture between the groups (p > 0.05, Table 1).

3.2 Comparison of clinical anxiety and
cooperative behavior between the two
methods for caries removal

The clinical anxiety and cooperative behavior of the children
were better on the observed side compared to the control side
during caries removal, with statistically significant differences
(p < 0.05, Table 2).

TABLE 1. Comparison of narcotic use, pain, tooth hypersensitivity and tooth fracture during treatment between both

groups (n (%)).
Grading Observed side Control side
Variables (Point) (n=178) (n=178) Uc value p value
Narcotic use
No 76 (97.44) 68 (87.18)
Used once 2 (2.56) 10 (12.82) 5.740 0.017
Used twice 0 (0.00) 0 (0.00)
Pain
No 62 (79.49) 40 (51.28)
Mild 16 (20.51) 22 (28.21)
17.330 <0.001
Moderate 0 (0.00) 16 (20.51)
Severe 0 (0.00) 0 (0.00)
Tooth hypersensitivity
No 74 (94.87) 50 (64.10)
Mild 4 (5.13) 20 (25.64)
23.050 <0.001
Moderate 0 (0.00) 8(10.26)
Severe 0(0.00) 0(0.00)
Tooth fracture
No 78 (100.00) 75 (96.15)
Mild 0 (0.00) 3 (3.85)
3.040 0.081
Moderate 0 (0.00) 0 (0.00)
Severe 0 (0.00) 0 (0.00)
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TABLE 2. Comparison of clinical anxiety and cooperative behavior between two methods for caries removal (n (%)).

Group n Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Observed side 78 20 (25.64) 26 (33.33) 11 (14.10) 15(19.23) 6 (7.696) 0 (0.00)
Control side 78 9 (11.54) 11 (14.10) 18 (23.08) 13 (16.67) 20 (25.640) 7 (8.97)
Hc value 19.490
p value <0.001

3.3 Comparison of time for caries removal
and cavity preparation between both groups

All treatment procedures were performed by the same dentist,
who had at least 5 years of clinical experience. The time
for caries removal and cavity preparation was longer on the
observed side compared to the control side, with a statistically
significant difference (p < 0.05, Table 3).

TABLE 3. Comparison of time for caries removal and
cavity preparation between both groups (Z + s, min).

Group n Cavity preparation time
Observed side 78 14.33 +2.15
Control side 78 6.45+1.78

t value 24.933

p value <0.001

3.4 Comparison of follow-up results

After 12 months of follow-up, the treatment success rate was
assessed, and the results showed no statistically significant
difference in the treatment success rate between the two groups
(p > 0.05, Table 4).

TABLE 4. Comparison of follow-up results (n (%)).

Group n Treatment Treatment
success failure

Observed side 78 77 (98.72) 1(1.28)

Control side 78 75 (96.15) 3 (3.85)

¥ value 1.026

p value 0.311

4. Discussion

Turbine caries removal makes children feel nervous and fear-
ful. Current research has mainly focused on finding safer
and more efficient methods to remove caries, prepare cavities,
and improve treatment cooperation among children with caries
[16-20]. The Er:YAG laser is a mid-infrared laser with a
wavelength of 2.94 ym and an absorption coefficient close to
the absorption peak of water, making it easily absorbed by
water. Hydroxyapatite, the main component of dental hard
tissues, also has a strong absorption of Er:YAG laser [21—
23]. Therefore, after the Er laser is absorbed by water and

hydroxyapatite in the tooth, the local temperature increases,
and the volume expands, creating a “microburst” effect that
cuts the tooth [24, 25]. This mechanism has led to the gradual
application of the Er laser in caries removal and cavity prepa-
ration. Er:YAG laser cavity removal is a non-contact punctate
removal method. The head of laser optical fiber drill directly
contacts the dental tissue, which can effectively reduce the
pain during the treatment of children and avoid the discomfort
caused by jaw vibration [26]. Clinical studies have found that
the Er laser for cavity preparation has the advantages of less
noise, less vibration, and higher comfort, making it more easily
accepted by patients [27]. In this present study, it was found
that 12.82% of children required anesthesia when using the
traditional turbine for cavity preparation, while only 2.56%
required anesthesia when using the Er laser. This indicates that
the Er laser can reduce the use of anesthetics during surgery
in children with caries. Moreover, the degree of perceived
pain and the incidence of dental hypersensitivity symptoms
were significantly lower on the observed side compared to
the control side. Clinical anxiety and behavior grades were
also lower on the observed side. These findings suggest
that the use of the Er laser for cavity preparation is more
comfortable, reduces intraoperative anxiety and tension, and
improves surgical cooperation in children with caries, which
is consistent with previous studies [28]. However, the treat-
ment duration for caries removal using Er laser is significantly
longer compared to dental turbines, primarily due to the laser’s
slower cutting speed and lower treatment efficiency. This
limitation represents a significant barrier to the widespread
clinical adoption of Er lasers.

Er laser treatment has been demonstrated to result in a
regularly shaped tooth surface resembling fish scales, with
elimination of the smear layer and open dentinal tubules. This
surface modification increases surface area and free energy,
potentially enhancing resin bonding strength and improving
the success rate of resin fillings [29]. Conversely, opposing
viewpoints suggest that cracks may develop on enamel and
dentin surfaces post-Er laser treatment, potentially compro-
mising resin bonding strength [30]. A 12-month follow-up
study indicated comparable short-term efficacy between the
two methods for caries removal and cavity preparation. How-
ever, due to study constraints, long-term therapeutic effects
were not statistically analyzed, limiting full understanding of
their comparative long-term efficacy. In addition, the sample
size of this study is not large, and it is a single-center study,
with limited sample representativeness. Subsequently, the
experimental protocol can be improved for the above short-
comings to further confirm the reliability of the conclusion.
Furthermore, this study was done by the same dentist, and their
treatment outcomes may be influenced by the experience of



this physician, which may also bias the experimental results.

5. Conclusions

In conclusion, compared to traditional dental turbines for caries
removal and cavity preparation, Er laser application enhances
treatment comfort and cooperation among pediatric patients
with caries and reduces the need for intraoperative anesthesia.
However, the low cutting efficiency of Er lasers on dental hard
tissues remains a significant area for improvement.
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