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ABSTRACT

Introduction: In modern operative dentistry in the field of pediatric dentistry Er,Cr:YSGG 
laser is suitable for cavity preparation in deciduous molars because it have many advantages. 
Microleakage is one of the major problems that influence the longevity for the resin-based dental 
restorations. The purpose of the current study is comparing the effect of Er,Cr:YSGG laser and 
conventional conditioning on the microleakage in cavity class V restored by composite resin and 
conventional flowable composite in deciduous molars.

Materials and methods: A standard class V cavity were prepared at the buccal or lingual 
surface of forty-eight freshly extracted caries-free human deciduous molars which were divided 
into 2 groups according to the mode of conditioning: group 1: by using Er,Cr:YSGG laser; group 2: 
by using conventional conditioning. The samples were subjected to thermocycling and dying step.

Results: Laser conditioning showed statistically significantly lower mean microleakage scores 
than conventional technique (P-value <0.001) and (P-value = 0.001), respectively. There was no 
statistically significant difference between mean microleakage scores of the two composite types 
(P-value = 0.054) and (P-value = 0.096), respectively.

Conclusion: Conditioning by Er,Cr:YSGG Laser is better than conventional method as regards 
microleakage and no significant difference between composite resin and conventional flowable 
composite clinically.

KEY WORDS: Microleakage, Er,Cr:YSGG laser, Composite resin, Conventional Flowable 
Composite.  
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INTRODUCTION 

In pediatric dentistry the recent operative 
techniques have directed to minimal invasive 
approach, which focus on maximum conservation 
of tooth structures during management of dental 
caries. The policy of the American Academy of 
Pediatric Dentistry (AAPD) stated that when 
treating hard tissues in children lasers can be an 
alternative method (1,2). The Erbium, Chromium: 
Yttrium Scandium Gallium Garnet (Er,Cr:YSGG) 
laser has been widely used in dentistry (3) as it has 
many advantages unlike the conventional dental 
drill, like cutting in hard tissue without contacting 
the tooth, so doesn’t liberate vibrations and noise 
and in turns the pain are minimal (1), because in most 
cases, it eliminates the usage of local anesthesia 
injections (3-6), thus considered a good choice for 
anxious patients (7). Laser has the capability of 
removing the smear layer and opening the dentinal 
tubules (3,8-11), and some authors, stated that laser can 
eliminate the need for acid etching procedure (3,12,13) 
while, others stated that to achieve good adhesion 
with tooth structure combination of laser with 
acid etching is recommended (3,14). In restorative 
procedures in pediatric dentistry (15) Er,Cr:YSGG 
laser at 2.78 μm is suitable for cavity preparation due 
to its high absorption water and hydroxyapatite (7,16), 
so in primary teeth it irradiates the dentin with the 
least thermal effects on the surrounding (8) and more 
over it is considered a minimal invasive technique, 
providing more protection of the dental tissues 
integrity, which coincide with modern approach of 
restorative dentistry (15).

Microleakage created by polymerization 
shrinkage of resin-based dental restorations is 
considered a major concern for the clinical durability 
(17-19). Microleakage has wide clinical symptoms, for 
example postoperative hypersensitivity, marginal 
discoloration, bonding failure causing dislodgement 
of the restoration, and Bacterial marginal leakage 
which may results in recurrent caries and pulpal 

irritation, which may become irreversible in some 
cases (20,21). Although many improvements have been 
done on adhesive systems, but they do not totally 
eliminate microleakage. The use of conventional 
diamond burs, during cavity preparation creates a 
smear layer which consists of debris of organic and 
nonorganic material on the cavity surface and may 
leads to microleakage of resin-based restorations 
(17,22), moreover although laser techniques are not 
associated with the formation of smear layer, they 
may cause changes of the dental tissues structure 
with and increase the risk of microleakage (17,23,24). 

Some studies concluded that improvement 
in adhesion and decrease in microleakage was 
founded with laser irradiation (1,25,26). Many studies 
have investigated microleakage of composite 
restorations after the lasers application focused 
mainly on permanent (1,27-28), since, primary teeth 
have many structural and morphological differences 
than permanent, hence in most occasions the results 
from studies on permanent teeth cannot be applied 
on primary teeth, furthermore, few studies are 
conducted to evaluate the usage of laser devices for 
cavity preparation in primary teeth prior to adhesive 
restorations application (17,29). 

The aim of this in vitro study was to assess the 
microleakage of class V cavities of primary molars 
prepared by Er,Cr:YSGG laser and restored by 
two different composite resin restorative materials. 
The null hypothesis of this study was that there is 
no significant difference in microleakage between 
class V cavities of primary molars restored with 
composite resin restorations and those restored with 
flowable composite restorations.

MATERIALS AND METHODS

Forty-Eight human unidentified deciduous 
molars with at least intact one surface buccal or 
lingual that exfoliated either due to physiologic 
reason or which are indicated for extraction. Teeth 
with caries on both buccal and/or lingual surfaces, 
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fractured crown due to extraction, hypoplastic, 
hypocalcified and of any developmental anomaly 
was rejected. The teeth were washed under running 
water, cleaned of residual tissue and debris, then 
autoclaved and stored in distilled water at 4°C for 
not more than one week (30,31). Forty-Eight teeth 
were divided randomly into 2 groups according to 
the mode of conditioning: group 1: Er,Cr:YSGG 
laser and group 2: conventional conditioner and 
each group was further divided into 2 subgroups 
according to the adhesive restorative material.

Sample Preparation

A standard class V cavity were prepared at the 
buccal or lingual surface of each tooth by using 
Er,Cr:YSGG laser  (Waterlase iPlus, Biolase; Irvine, 
CA,USA) using a Waterlase iplus Gold handpiece 
and a MGG6 tapered sapphire tip having a fiber core 
diameter of 600 μm till yellow dentin was seen. The 
laser settings were 6 W (peak power), frequency 
15 Hz, air pressure 60%, and water pressure 80%, 
used in noncontact mode with distance of 2mm 
which were controlled by the aid of marked ruler, 
where the occlusal margin was in enamel and the 
gingival margin was on cementoenamel junction. 
The dimension of the cavity was 2 mm in height, 
width, and depth which was adjusted by using a pre-
marked periodontal probe.

Conditioning of the enamel and dentin

In group 1 (24 teeth), conditioning with 
Er,Cr:YSGG laser  (Waterlase iPlus, Biolase; Irvine, 
CA,USA) using a Waterlase iplus Gold handpiece 
and a MGG6 tapered sapphire tip having a fiber core 
diameter of 600 μm. The laser settings were 4.5 W 
(peak power), frequency 50 Hz, air pressure 60%, 
and water pressure 80%, used in noncontact mode. 

In group 2 (24 teeth), Dentin conditioner (GC 
Corporation, Tokyo, Japan) was applied on cavity 
surfaces, left for 20 seconds, then washed and dried 
slightly with a gentle stream of oil-free air to avoid 
desiccation. 

Restorative Material Application

Group 1 (24 teeth) was subdivided into 
subgroup 1 containing 12 teeth, where two layers 
of bonding agent (Adper single bond, 3MESPE, 
USA) were applied on the etched surfaces and 
light cured for 10 seconds with light curing unit 
(POLI LED Curing light, Faro, Italy) followed by 
application of composite resin (Z-250, 3M/ESPE) 
that was prepared according to the instructions of 
the manufacturer, and packed in the cavity then 
light curing for 20 seconds with light curing unit 
(POLI LED Curing light, Faro, Italy) and subgroup 
2 containing 12 teeth, two layers of bonding agent 
(Adper single bond, 3MESPE, USA) were applied 
on the etched surfaces and light cured for 10 seconds 
with light curing unit (POLI LED Curing light, 
Faro, Italy), followed by application of conventional 
flowable composite (3M/Dental Product, USA) that 
was prepared according to the instructions of the 
manufacturer, and packed in the cavity then light 
curing for 20 seconds with light curing unit (POLI 
LED Curing light, Faro, Italy).

Group 2 (24 teeth) was subdivided into 
subgroup 1 containing 12 teeth, where two layers 
of bonding agent (Adper single bond, 3MESPE, 
USA) were applied on the etched surfaces and 
light cured for 10 seconds with light curing unit 
(POLI LED Curing light, Faro, Italy), followed by 
application of composite resin (Z-250, 3M/ESPE) 
that was prepared according to the instructions of 
the manufacturer, and packed in the cavity then 
light curing for 20 seconds with light curing unit 
(POLI LED Curing light, Faro, Italy) and subgroup 
2 containing 12 teeth, two layers of bonding 
agent (Adper single bond, 3MESPE, USA) were 
applied on the etched surfaces and light cured 
for 10 seconds with light curing unit (POLI LED 
Curing light, Faro, Italy), followed by application 
of conventional flowable composite (3M/Dental 
Product, USA) that was prepared according to the 
instructions of the manufacturer, and packed in the 
cavity then light curing for 20 seconds with light 
curing unit (POLI LED Curing light, Faro, Italy). 
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Finishing and polishing of all the restorations were 
then done by finishing burs.

Microleakage Test 

Restored samples were thermocycled for 700 
cycles, where each cycle consists of a water bath 
at 5°C±2ºC and 55°C with a 60-second of dwell 
time in each bath. By the aid of absorbent paper, the 
samples were superficially dried then sealed with 2 
coats of nail varnish, and a window of 1 mm around 
the margins of the cavity restoration were left. To 
prevent penetration of the dye to the apical region, 
it was also sealed by epoxy glue. The samples were 
immersed in 2% buffered methylene blue solution 
for 4 hours at pH 7, after which rinsing all samples 
by tap water for 5 minutes were done and dried with 
absorbent paper. Sectioning of each restoration was 
done by cutting it in the buccolingual direction and 
through the center of restoration by using low-speed 
and water-cooled diamond disc (KG Sorenesen). 
Scoring the degree of the dye penetration was 
done by the aid of a light stereoscope (Meiji 2000, 
Saitama, Japan) at X30 magnification 29) on a 4 
grade scale as follows32:   

a) Score 0=no dye penetration

b) Score 1=dye penetration along the interface to 
one third of the cavity depth

c) Score 2=dye penetration along the interface to 
two thirds of the cavity wall depth

d) Score 3=dye penetration to but not along the 
axial wall; and e. score 4=dye penetration up to 
and along the axial wall.

Statistical Analysis

Data were presented as mean and standard de-
viation values. Student’s t-test was used to compare 
between the two composite type as well as the two 
conditioning techniques. The significance level was 
set at P ≤ 0.05. Statistical analysis was performed 
with IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NY: IBM Corp.

RESULTS

Comparison between the two condition 
techniques revealed that Laser showed statistically 
significantly lower mean microleakage scores than 
conventional technique (P-value = 0.001) and 
(P-value = 0.002), respectively.

Comparison between the two composite types 
revealed that there was no statistically significant 
difference between mean microleakage scores of the 
two composite types (P-value = 0.057) and (P-value 
= 0.108), respectively.

TABLE (1) The mean, standard deviation values and results of Student’s t-test for comparison between 
microleakage scores of the two composite types as well as the two conditioning techniques

Conditioning technique

Flowable composite
(n = 10)

Composite
(n = 10) P-value (Between 

composite types)
Mean SD Mean SD

Laser 1.1 0.32 1.5 0.53 0.054

Conventional 2.1 0.57 2.6 0.7 0.096

P-value (Between techniques) <0.001* 0.001*

*: Significant at P ≤ 0.05
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DISCUSSION

Microleakage is one of the most regularly faced 
issues specially, in class V restorations. This may be 
attributed to the differences between coefficient of 
thermal expansion of the restorative materials and 
the dental tissues (16,33), or may be due to shrinkage 
caused by factors of cavity configuration, which 
results in formation of gap at the tooth–restoration 
interface (16,34).

Many methods which are either qualitative and 
quantitative have been used to determine microleak-
age, which involve the use of electrochemical tech-
nique, reversible radioactive adsorption, scanning 
electron microscope, nanotechnology and dyes. 
Dye penetration method was used in this study to 
estimate microleakage, as it’s used on a wide scale 
and preferred generally because it is easily obtained, 
non-toxic and inexpensive (1,35).

The formation of hybrid layer, dentin collagen 
intermixture and suffused components of the 
adhesive system, determine the clinical outcome 
of bonded restorations to tooth structure(3,36), 
which ideally must be big enough to permit a 
steady interlocking between the adhesive resin 
and the exposed collagen fibers. Furthermore, the 
demineralized area must not be highly deep, which 
may cause the primer and adhesive resin not to 
inflow through the whole exposed fibers and attach 

them entirely(3), resulting in lower microleakage, 
preferred and long standing restorations (3,37-39). 

Acid etch is a critical stage during adhesive 
restorations application, though Usumez et al.(3,40), 
Basaran et al.(3,41), and Sung et al. (3,11) stated that 
there were no statistical differences between laser 
and acid etching, which were in contrary with the 
results of this study, where laser showed statistically 
significantly lower mean microleakage scores than 
conventional technique. Etching by Er,Cr:YSGG 
lasers which possess a wavelength of 2.78 µm 
can produce more irregular surfaces, when it’s 
the hydroxyl ions contained in the hydroxyapatite 
absorbs it, that results in a little elevation in the 
outer layer temperature, without causing damage to 
the  adjacent tissues(1,42).

Dentin gives a potent thermo-mechanical 
interaction with Er,Cr:YSGG laser irradiation due 
to its high collagen matrix and water content that 
causes the more absorption of the energy of laser 
by the inter-tubular dentin results in unexpected fast 
increase in temperature and evaporation of water, 
and the elevation of pressure causes a group of mini 
explosions with ejection of tissue particles, and lead 
to presence of tiny circular depression-like cavities 
in the surfaces treated (1,43), more over absence of 
smear layer in lased tooth surfaces leads to better 
adhesion of restorative materials with enamel and 
dentin reducing microleakage, because smear layer 
has a low surface energy, which intervene with 
bonding to tooth surfaces (1,44-46).

On the contrary to the findings of this study, De 
Munck et al. (47) stated that the cavities prepared by 
laser showed low reception to adhesive restorations 
than cavities prepared by conventional bur. Several 
studies revealed that laser irradiation can passively 
affect the interface between dentin and adhesive 
system, restraining the formation of the hybrid 
layer(3,48,49). Other studies suggested applying acid 
etching following cavity preparation using laser  
irradiation (3,50).

Fig. (1) Bar chart representing mean microleakage scores
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In a study done by Subramaniam & Pandey 
(2016) increased microleakage was found after 
conventional etching by phosphoric acid is used be-
cause it eliminates smear layer and expose enamel 
prism sheaths and dentinal tubules (1,8), and most 
probably due to absence of particular etching pat-
terns in deciduous teeth with only surface roughness 
and no entire dentin demineralization (1,51-53), which 
may support the findings of the current study.

CONCLUSION

The following can be concluded regarding the 
findings of the current laboratory study:

1. Conditioning by Er,Cr:YSGG Laser is better than 
Conventional method as regards microleakage.

2. No significant difference between composite 
resin and conventional flowable composite 
concerning microleakage.
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