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It is impossible to remove tooth-colored restorations by mechanical means without unnecessary damage to the adjacent sound
tooth structure. This study is aimed at investigating erbium-doped yttrium aluminum garnet (Er: YAG) laser (Hoya ConBio,
VersaWave, CA, USA) in removing composite resin restorations and assessing the change in morphology of bonding surfaces
using a scanning electron microscope (EDX, CAMSCANNER, 3200LV, UK). The investigators collected thirty extracted sound
human premolar teeth for this investigation, and the conventional design class V cavity was prepared on the buccal surface of
each specimen. The specimens were allocated randomly into three groups, according to the procedure used for the ablation of
the composite restoration: group A (high-speed diamond fissure bur), group B, and group C (Er: YAG laser) using a different
pulse repetition rate of 20Hz (group B) and 25Hz (group C). The AutoCAD software program (Autodesk, Inc., 2016) was
used to calculate the surface area and the resulting dimensional change of the cavities after restoration removal. The cavities
were filled with composite resin and randomly assigned into two groups conforming to the methods applied to eliminate the
restoration; diamond turbine fissure bur and laser. In each group, two specimens were selected randomly for scanning electron
microscope analysis of bonding surfaces. The least meantime for the composite resin removal was observed in the high-speed
diamond bur, significantly less than both Er-YAG laser groups (p < 0:001). However, at a higher pulse repetition rate, time-
consuming decreased. The results showed that laser is more conservative in removing composite resin restoration as the
change was most remarkable in group A (0.800mm), then group C (0.466mm), and the slightest change is in group B
(0.372mm) (p = 0:014). The dentin surface of group A showed a smooth surface with no opened dentinal tubule and intact
smear layer. In groups B and C, dentin surfaces were irregular, scaly, or flaky, and dentinal tubules were opened without a
smear layer. Therefore, Er: YAG laser is effective for composite resin removal considering the parameters chosen in this study
with fewer changes in cavity surface area and better microretentive features.

1. Introduction

The concept of minimally invasive dental practice will pro-
vide promising approaches for using composite resin restora-
tions, which are difficult to distinguish from the surrounding
tooth substance and adhere to the enamel and dentine firmly,
making them hard to remove without enamel and dentine
destruction. Thus, clinicians commonly remove excessive

amounts of sound tooth substances to guarantee the com-
plete removal of composite material [1]. Therefore, a tech-
nology that can remove composite selectively and rapidly
from tooth surfaces while minimizing the inadvertent
removal of sound tooth structure is considered a significant
improvement over current methods. However, the clinician
also has to adopt an equally conservative approach when
treating failed restorations. The quality of the composite
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resin restoration is determined by the outline form of cavity
preparation and the dentist’s technique and understanding
of the used materials [2, 3].

Despite advances in restorative material technology,
dental practitioner still devotes a significant part of their
clinical time to repair or replace old restorations. The recent
signs of progress in dentistry that have been made enable
more proficient, safer work, and predictable management
outcomes [4]. Laser is considered one of the brand-new
technologies becoming more popular in dental practice
and supports conventional treatment forms while replacing
traditional treatment modalities. The erbium-doped yttrium
aluminum garnet (Er: YAG) laser possesses many favorable
results over a conventional cavity preparation by burs [2,
5]. Rough surfaces are irradiated with a laser, resulting in
clean and smooth surfaces with opened dentinal tubules
and no smear layer [4]. This procedure is essential and
approves an exact and entire removal of restorative material
penetrating dentin tubules, which is impossible to achieve
with a conventional bur [6, 7].

Dental composites are usually color-matched to the
tooth for esthetic reasons and are hard to remove by
mechanical means without exerting excessive harm to sur-
rounding enamel and dentin. Ideally, lasers are suited for
selective ablation to induce minimal sound dental tissue loss
when replacing failed restorations and sealants, removing
composite adhesives. Different kinds of lasers have been
employed in dental practice. However, nowadays, the Er:
YAG laser shows superior performance. The use of Er:
YAG laser for ablation of composite and cement restorations
has been investigated due to its potential to remove selec-
tively dental composite and carious tissue, minimizing inad-
vertent removal of sound tooth substance and without the
creation of the smear layer [8, 9].

The scanning electron microscope (SEM) is broadly used
in the in vitro evaluation of materials, including microstruc-
ture morphology of bonding surfaces and nanomaterial
analysis. It can be considered as a reliable precision investi-
gative tool applied for high-resolution surface topography
examination. It has the feature of the considerable depth of
field, high resolution, instinctive imaging, strong stereo per-
ception, and wide magnification range, and the specimen to
be examined can be rotated and inclined in a three-
dimensional view [10, 11].

In the present study, the efficacy of Er: YAG laser for the
removal of composite restorations using different pulse rep-
etition rates has been investigated in terms of the time
required for restoration removal and conservation of tooth
structure. Also, the morphological aspect of the cavity was
assessed via a scanning electron microscope.

2. Methodology

2.1. Study Design and Sample Selection. The Ethical Com-
mittee confirmed the ethical approval for this study at the
University of Sulaimani (Ethical No. 68/21). This experi-
ment has delivered the checklist for reporting in vitro study
(CRIS) guidelines [12]. The investigators selected 30
extracted sound human premolar teeth free from caries, res-

toration, and crack. Teeth were extracted for orthodontic
purposes. A patient consent form and research permissions
were obtained to use their extracted teeth in the present
research. Specimens were stored in 10% formalin for about
two weeks to provide disinfection. A hand scaler was used
to remove tissue fragments and calcified debris, then washed
and cleaned with tap water. Ultimately, they were stored in
distilled water at room temperature until the investigation
(Figure 1).

2.2. Specimen Preparation. A 30 cylindrical container of
approximately (15mm) was prepared from a disposable
plastic syringe (20ml) which was cut horizontally by using
a fine diamond disk mounted on contra angled handpiece,
and the base of the container was sealed by a wax sheet. Each
specimen’s root was covered by a layer of wax and vertically
positioned in the center of the container and embedded
inside a cold-cure clear acrylic resin (Vertex Castavaria,
Netherland) to the level below the cementoenamel junction
by using a dental surveyor. The dental analyzer adjusted par-
allel to the vertical axes of the tooth.

An experienced operator performed all restorative pro-
cedures. A standard class V cavity design was drawn on
the buccal surface of the clinical crown (2mm height,
3mm width), with a (0.5) mechanical pencil using a matrix
band with a precut hole of (2 × 3mm) that was fixed on
the tooth with a retainer. These dimensions were calculated
with an electronic digital vernier (Mitutoyo Corp., Japan)
nearest (0.01mm.). Cavities were prepared by drilling
(1.5mm depth) with a butt-joint at an external line angle
using a high-speed turbine after maintaining the bur at a
right angle to the buccal surface of the teeth using the hori-
zontal arm of a surveyor. Cavities were prepared under cool-
ing water, and each bur was replaced after every five cavities.
The rotational speed and applied source were standardized
for all specimens.

2.3. Photographic Image Analysis of the Surface Area of
Prepared Cavities. The color photograph of the prepared
cavities was taken using a digital camera (Canon, 12.1
MEGA PIXE, SX510 HS, China), which was adapted to the
lens of the stereomicroscope with a power of 40× magnifica-
tion. The AutoCAD software program (Autodesk, Inc.,
2016) was used to calculate the surface area of the prepared
cavities at a constant light that resembled the transmitted
light of the stereomicroscope with continuous electric
power. The distance of the sample to the lens of the micro-
scope was fixed at 40mm.

2.4. Restorative Procedures of Prepared Cavities. All cavities
were acid-etched using phosphoric acid (Top Dent Etch gel
38%, DAB Dental, Sweden) using all etch techniques for 15
seconds and thoroughly washed by water spray for 10 sec-
onds blot excess water via cotton pell. Then, two conclusive
layers of single-bottle adhesive (Clearfil SE bond, Kuraray
Dental, New York, USA) were applied, gently air sprayed
for 5 seconds, and light-cured for 20 seconds through the
use of a visible-light curing device (400-1000mW/cm2) con-
tinuous mode. Handling of all materials was carried out
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based on the manufacturer’s instructions. Then, all the pre-
pared cavities were filled in one layer with a shade A1 nano-
hybrid composite resin (Tetric Evoceram, Ivoclar Vivadent,
New York, USA) using a nonstick titanium-coated applica-
tor and light-cured with LED light cure device (LED Flash
max P3 Hexagon, Denmark) with an output power of 400-
1000mW/cm2 for 20 sec. All the restored teeth were stored
for one week in 37°C distilled water inside an incubator.
After that, the samples were exposed to thermocycling and
subjected to 500 cycles in between 5°C and 55°C, with
30 sec dwell time [13].

2.5. Specimen Grouping. The specimens were allocated ran-
domly into three groups, according to the procedure used
for the ablation of the composite restoration.

2.5.1. Group A: (High-Speed Diamond Fissure Bur). The
composite restorations were removed using a high-speed
straight flat end diamond fissure bur (6847KR, 018, Komet,
Besigheim, Germany) under a constant water spray coolant.
The burs were discarded after each use. The speed of bur
rotation and amount of water spray was standard for all
specimens. A visual examination was used to determine
the completion of restoration removal in all groups [14].

2.5.2. Group B and Group C (Er: YAG Laser). The employed
laser equipment was the Er: YAG (Hoya ConBio, Versa-
Wave, CA, USA), at a wavelength of 2.94μm, power of
4W, with a focused beam of 180mJ energy, with a tip size:
0.8mm sapphire tip, using a different pulse repetition rate
of 20Hz (group B) and 25Hz (group C). The irradiation in
both subgroups was used under a continuous air-water cool-
ing (15ml/min), pulse width > 300 μs at a distance of 2mm
from the target surface. The laser beam was kept perpendic-
ular to the target surface by adapting the handpiece to the
horizontal arm of a dental surveyor in the way that alter-
nately moved in both right-to-left directions, thus, allowing
the laser beam to act on the whole composite restoration.
The spot size was measured to be about 0.5mm2 which cor-
responds to a spot diameter of about 0.8mm. The unit of
measure for energy density was calculated as mJ/mm2

(Figure 2).

2.5.3. Evaluation of Time Consumption and Change in
Cavity Surface Area (CCSA) following Restoration Removal.
The required time for each restoration removal of all studied
groups was measured and recorded by stopwatch (Shanghai
Diamond Stopwatch, Shanghai, China). After removing res-
torations, the color photograph of the cavities was taken
using a digital camera adapted to the lens of the stereomicro-

scope, which was adjusted at 40× magnification. The change
in surface area was determined according to the following
equation: CCSA = cavity surface area before restoration −
cavity surface area after restoration removal.

2.5.4. Scanning Electron Microscopic (SEM) Analyses. SEM
analysis was used to evaluate the morphological aspect of
the cavities after restoration removal under different experi-
mental conditions. Two samples were selected randomly for
scanning electron microscope examination (EDX, CAMS-
CANNER, 3200LV, UK). First, the tooth was sectioned buc-
colingual at the center by a diamond disk attached to a
straight handpiece under water coolant to permit inspection
of the cavity walls (Figure 3). Then, the samples were fixed
by mounting on the aluminum stub and coated with gold
atoms by using a gold sputter machine. Next, the surfaces
were examined qualitatively with a scanning electron micro-
scope operating at 25 kV. A standardized series of photomi-
crographs were taken with the same magnification (4,000×)
in all specimens. Two operators reached a consensus to
select the representative illustrations of each group [15].

2.5.5. Statistical Analysis. Data were analyzed using IBM
SPSS Statistics for Windows, version 24.0 (Armonk, NY:
IBM) software. A p value of ≤ 0.05 was considered statisti-
cally significant. The sample size was calculated using the
Sealed Envelope software for a power of 80%. The normal
distribution of the sample was examined using the
Shapiro-Wilk test. Paired t-test was used to compare the sur-
face area readings before composite placement and after the
composite filling removal. Analysis of variance (ANOVA)
and t-test were used to compare the means of the three study
groups. The Cohen’s D formula was used to calculate the
effect size.

Figure 1: The extracted teeth selected for this study.

Figure 2: The laser beam kept perpendicular to the target by
adapting the handpiece to the horizontal arm of a surveyor.
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3. Results

The least meantime (63.1 seconds) for composite restoration
removal was in group A (high-speed diamond fissure bur),
which was significantly less than the meantime of group B
(Er: YAG laser, 20Hz), which was 121 seconds, and mean-
time of group C (Er: YAG laser, 25Hz) which was 91 sec-
onds as in Table 1. The difference between group B and
group C was also significant (p < 0:001), as shown in
Table 2. Significant differences were observed between the
three study groups (p = 0:014). The change is most remark-
able in group A (0.800mm), then group C (0.466mm), and
the slightest change is in group B (0.372mm). The differ-
ences between groups A, B, and C were significant
(p = 0:005 and p = 0:026, respectively), while no significant
differences were detected between group B and C
(p = 0:513) as in Tables 1 and 2. Table 3 shows a consider-
able increase in the surface area after removing the compos-
ite restoration in each of the study groups.

According to representative SEM images findings of the
cavity walls at high magnification (4,000×), the enamel in
group A (bur group) shows a smooth surface. In contrast,
the enamel in groups B and C (laser groups) shows a rough
surface and contains microretentive cavities, and in all stud-
ied groups, there is no sign of carbonization (black spot).
The dentin surface of group A showed a smooth surface with
no opened dentinal tubule and intact smear layer. In groups
B and C, dentin surfaces were irregular, scaly, or flaky, and
dentinal tubules were opened without a smear layer
(Figure 4). Representative SEM photomicrograph of the
dentin at high magnification (4,000×), the image of group
A showed a smooth surface in which the surfaces with no
opened dentinal tubule. Pictures of groups B and C show
dentin surfaces irregular and surface with the opened den-
tinal tubules without smear layer, and protrusion of peritub-
ular dentin was revealed (Figure 5).

4. Discussion

The present study casts a new light on the efficiency of Er:
YAG laser in the removal of composite resin restoration in

terms of time consumption, preservation of sound tooth
structure, and morphological analysis of final aspects of the
cavities after restoration removal. Different parameters such
as power output and pulse frequency had to be mentioned to
improve laser efficiency. Previous studies had displayed the
impact of pulse frequency on ablation rate in cavity prepara-
tions. More substance is ultimately removed during the same
time interval by increasing frequency, resulting in decreased
operation time [16].

The present study showed that the least mean time
needed to remove the composite filling was in the bur group,
which was significantly less than the meantime of both laser
groups. A similar conclusion was reached by other
researchers when they found that laser ablation caused lon-
ger cavity preparation time than a bur [15, 17]. Regarding
the time needed for filling removal, the statistical analysis
shows that the difference between group B and group C
was significant. Furthermore, in a higher pulse repetition
rate, the meantime needed to remove composite restoration
was less than the meantime of lower pulse repetition rate.
The results show that higher pulse repetition rates required
shorter times to remove the composite restorations,
although higher pulse repetition rates result in a more sub-
stantial temperature increase. These might be interpreted
by the fact that the more the pulse repetition rate (i.e., the
number of pulses emitted per second), the cooling time will
be less in between laser pulses, causing more heat
generation.

The present study confirmed the findings of the selec-
tive removal of tooth-colored restoration and suggested
that the bur sacrificed more tooth tissue, and the laser
was more conservative and caused less enlargement of
the cavities during removal of the restoration. These
results go beyond previous reports, showing that laser is
more conservative than bur. The difficulty of ablative pro-
cess control demonstrated when the greater pulse fre-
quency was used also caused ablation of surrounding
sound tissue, mainly deep walls [18, 19]. When Er: YAG
laser was used to ablating composite resin restoration sur-
rounded by enamel, specific selectivity for the ablation of
composites was displayed, as ablation of enamel is slower
than that of composites. However, this selectivity is com-
promised in dentin because of the higher water content
of the dentine. Therefore, the ablation rate of dentin is
higher than some composite brands and consistent with
what has been found in the previous study [20]. The diffi-
culty of ablative process control observed when the greater
pulse frequency was used also caused ablation of sur-
rounding healthy tissue, mainly deep walls.

In this study, the result shows that there was a signif-
icant increase in the surface area after removal of the
composite restoration in all groups, which agrees with
the (Satterthwaite et al., 2009) as they found that all
operative interventions carry the risk of additional dam-
age to remaining natural tissues, this will lead to unwar-
ranted removal of healthy tooth substances [21]. So,
replacing failed restorations leads to a more extensive
cavity outline and weakens the remaining dental sub-
stance [22].

Figure 3: Specimen coated with gold.
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Although the present findings show that the laser is
more conservative than bur, the cavity size still increased
during the restoration’s removal. Unskilled ablation causes
the enlargement of the cavity preparation size, so demanding
care and ability in the use of the laser. According to SEM
finding at low magnification bur group show box-shaped
configuration while laser groups evidence irregular surface
pattern, in low magnification complete removal of compos-
ite seen in bur group while the laser group shows incomplete
composite removal these findings come under the conclu-
sion of the previous study performed by Correa_Afonso
et al. (2010) [15]. As reported by SEM findings, the micro-
graph of the enamel of the cavity of the bur group shows a
relatively smooth enamel surface with mainly exposed,
closed prisms, and smooth surfaces consistent with the

results of the previous study recorded by Rodríguez-Vilchis
et al. (2011) [23]. In laser groups, irregularities are observed,
and sharp crystals project from the surface due to ablation.

Table 1: Descriptive statistics of time needed to remove the composite resin restoration and the cavity area change in all studied groups.

Variables Groups N Mean ± SD SE Minimum (sec.) Maximum (sec.)

Time (second)

A 10 63:100 ± 6:385 2.019 55.0 70.0

B 10 121:000 ± 9:944 3.145 110.0 140.0

C 10 91:00 ± 13:904 4.397 70.0 110.0

Total 30 91:700 ± 26:107 4.767 55.0 140.0

Cavity surface area change (mm)

A 10 0:800 ± 0:331 0.105 0.281 1.189

B 10 0:372 ± 0:284 0.090 0.010 0.946

C 10 0:466 ± 0:332 0.105 0.047 0.948

Total 30 0:546 ± 0:358 0.065 0.010 1.189

Table 2: ANOVA and post hock test results for time needed to
remove the composite resin restoration and the cavity area
change for all studies groups.

Variables Groups
p

value
Post
hoc

p
value

Time (second)

A

<0.001
AXB <0.001

B AXC <0.001
C BXC <0.001

Cavity surface area change
(mm)

A

0.014

AXB 0.005

B AXC 0.026

C BXC 0.513

Table 3: Mean, SD, and t-test of surface area before and after
removal of composite resin restoration of three studied groups.

Groups N Surface area Mean ± SD p value

A
10 Before 5:916 ± 0:132

<0.001
10 After 6:516 ± 0:316

B
10 Before 5:962 ± 0:188

0.003
10 After 6:334 ± 0:307

C
10 Before 5:973 ± 0:192

0.002
10 After 6:438 ± 0:287

Rough enamel
surface

Rough enamel surface
sharp crystals

projected from the
surface(a)

(b) (c)

Figure 4: Representative SEM photomicrograph of enamel of the
cavity of all groups. (a) Image of group A at magnification
(4,000×). (b) Image of group B at magnification (4,000×). (c)
Image of group C at magnification (4,000×).

Open dentinal
tubule

(a)

(b) (c)

Open dentinal
tubule

Smear layer

Figure 5: Representative SEM photomicrograph of dentin of the
cavity of all groups. (a) Image of group A at magnification
(4,000×). (b) Image of group B at magnification (4,000×). (c)
Image of group C at magnification (4,000×).
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In addition, there was the absence of carbonization and
fusion of the enamel structures, which other investigators
have also observed from cavity preparation studies in hard
dental tissues [23]. Micromorphology of the Er: YAG laser-
treated enamel portrays a retentive pattern that resembles
acid-etched enamel tissue while anatomical characters of
enamel rods are preserved. As a result, irradiated enamel
by Er: YAG laser at sufficient output energy provided better
marginal integrity of composite resin restorations when
compared to a mechanical cutting instrument.

Conforming to SEM findings concerning the bur group,
the micrograph of the dentin displayed a smooth surface
with no opened dentinal tubule and the presence of a smear
layer, in agreement with the result of the previous studies
using different energy settings of Er: YAG laser and bur
[24, 25].

Despite the feature of a water-mediated photomechan-
ical interaction during hard dental tissue ablation with Er:
YAG laser, the mechanism of composite resin ablation
includes explosive vaporization followed by hydrodynamic
ejection. During ablation of composite resin, rapid melting
induces large expansion forces due to the change in vol-
ume of the material upon melting. Additionally, surface
protrusions are formed, resulting from the counteracting
forces combined with the composite resin structure, which
are accelerated away from the surface as droplets.

The morphology of dentin after application of Er: YAG
laser for cavity preparation possesses an irregular surface
with no cracking or fissuring, lack of smear layer, and open
tubules, which are considered as a prerequisite for adhesive
fixation. These features were responsible for rendering this
surface suitable for bonding the resin. This morphological
property is a consequence of the high-water absorption
wavelength of Er: YAG radiation as a critical determinant
for the type of interaction the laser energy is going to have
with the target tissue. Bonding resin composites to the dental
hard tissues was considered one of the most important con-
tributions to restorative dentistry. Er: YAG laser on dental
hard tissues has been regarded as effective and efficient with-
out causing thermal destruction to the adjacent tissue and
the dental pulp.

The approach utilized suffers from the limitation that
the sample size was small in this study, and the process
of restorations removal was limited to class V cavity
design. Different cavity designs will compensate for case
difficulties and may exhibit further findings regarding
more complex tooth-colored restoration concentrating on
the time consumption and selective removal of composite
restorations.

5. Conclusion

The applied treatment protocol that resulted in a mini-
mum change in cavity surface area and microretentive fea-
ture in both enamel and dentine responsible for strong
adhesive bonding could be generalized to clinical practice.
In addition, it may enhance a more predictable treatment
outcome.
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