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Abstract 
A new laser enhanced ablation procedure (LEAP) has been recently proposed in 
order to maximize the efficiency of intracanal disinfection and minimize the risk 
related to the extrusion of the irrigating solutions during endodontic therapy. 
The LEAP technique is based on the use of a diode laser which activates a laser 
absorption solution containing indocyanine green (ICG). In the present study, the 
use of LEAP was suggested as a final irrigation procedure which utilizes a safer 
and more biocompatible approach, avoiding the use of sodium hypochlorite and 
the risk related to its use in teeth with resorption. A 13-year-old boy was referred for 
endodontic treatment of a symptomatic lower left incisor. Dental history revealed 
a previous trauma. At the radiological examination, internal external resorption 
and large apical lesion were observed. Following the traditional chemomechanical 
approach, the LEAP protocol was used as an adjunct to improve disinfection 
before a regenerative procedure. After one-year radiographic healing had occurred 
and revealed normal periapical structures. The resorption process was stopped, 
and the patient reported being free of pain and able to use the tooth normally.
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Introduction
The basic principle of endodontic therapy is based on the disinfection of the root canal 
system using a chemo-mechanical instrumentation approach (combining root canal 
instruments and syringe irrigation) and a final enhanced irrigation technique using 
antimicrobial solution activated by different types of energy, i.e. sonics, ultrasonics, lasers, 
etc. (1,2). Even if root canal instrumentation plays a significant role in canal disinfection 
and debridement (3,11,21), irrigation is often regarded as the most important part of the 
root canal therapy, in particular for the elimination (ideally) or significant reduction of root 
canal microbes. During and following instrumentation, irrigating solutions are currently 
used to improve the killing of and removal of microorganisms, removal pulp and debris, 
and new solutions and new devices have been proposed in the last decades to improve 
the efficacy and safety of this fundamental step (12). Several studies have shown the 
importance of abundant and frequent irrigation, the importance of activating the irrigating 
solutions inside the root canal system to allow them to ideally reach all the instrumented 
and non-instrumented endodontic spaces, the dentinal tubules and ideally eliminate 
all bacteria (16,20). This effort is necessary because the root canal systems are very 
complex (19) and it is not easy for an irrigating solution, even when using activation, 
to reach all these areas. Moreover, some enhanced irrigation techniques which are 
mostly used in combination with sodium hypochlorite increase the risk of extrusion of the 
solution beyond the apex. This procedural accident may lead to increased post-operative 
pain (8,9) but also to more serious complications, known as “a hypochlorite accident,” 
These “accidents” are not very common in conventional endodontic therapies, but have 
been widely reported in several published scientific articles. Moreover in immature 
teeth, in teeth with wide open and resorpted apex, this risk is much more relevant (17). 
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ABSTRACT
Background
Saliva contamination during the try-in procedure is one of the leading causes of 
decreased bond strength of resin to zirconia. In this meta-analysis, we evaluated 
the effects of different cleaning methods on the bond strength of the zirconia res-
toration. 

Methods
A systematic search was performed through MEDLINE via PubMed, EMBASE, Sco-
pus, ISI web of knowledge, and Cochrane databases. In vitro articles in which the 
cleaning methods were compared with contaminated and non-contaminated sur-
faces were selected for this study. The duration of storage was separated into two 
subgroups of <1 and >1 week.

Results
Out of 909 results of database searches, 15 studies were included in the system-
atic review. In the storage period of <1 week, there were significant differences 
between the saliva-contaminated, decontamination with air abrasion (SDM: 2.478, 
P<0.01), and Ivoclean (SDM: 3.055, P<0.01) groups. Also, in the storage period of 
>1 week, significant differences were observed between air abrasion (SDM: 2.714, 
P<0.01), Ivoclean (SDM: 2.575, P<0.01), and argon plasma (SDM: 1.998, P<0.01) 
groups. There was a significant difference between non-contaminated and isopro-
panol (<1 week storage period: SDM: -3.252, P=0.05; >1 week storage period; SDM: 
-1.302, P<0.01) and phosphoric acid (<1 week storage period: SDM: -1.584, P<0.01; 
storage period >1 week; SDM: -2.021, P<0.01) decontaminated groups. 

Conclusion
Sandblasting with airborne-particle abrasion (Al2O3), Ivoclean, and argon plasma has 
been effective in recovering the bond strength of resin to saliva-contaminated zirconia, 
while bond strength of decontaminated surface with alcohol and phosphoric acid is sig-
nificantly weaker than in non-contaminated situations. 

Key words: Bond strength, cleaning, saliva contamination, zirconia.

Effect of Different Cleaning Methods 
on Bond Strength of Resin to Saliva-
Contaminated Zirconia: A Systematic 
Review and Meta-analysis of in Vitro 
Studies

License
This work is licensed under a Creative 
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Authors contributing to Annali di 
Stomatologia agree to publish 
their articles under the Creative 
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License, 
which allows third parties to copy and 
redistribute the material providing 
appropriate credit and a link to the 
license but does not allow to use the 
material for commercial purposes and to 
use the material if it has been remixed, 
transformed or built upon.

How to Cite
A Sarraf Shirazi, S Majidinia, T Parhizkar.
Effect of Different Cleaning Methods 
on Bond Strength of Resin to Saliva-
Contaminated Zirconia: A Systematic 
Review and Meta-analysis of in Vitro 
Studies
Annali Di Stomatologia, 15(1), 27-38. 
https://doi.org/10.59987/ads/2024.1.27-38

Authors
Alireza Sarraf Shirazi - Professor, 
Department of Pediatric 
Dentistry, Mashhad University of Medical 
Sciences, Masshad, Iran ORCID: 
0000-0001-6539-5478

Sara Majidinia - Assistant Professor, 
Dental Research Center, Department 
of Operative Dentistry, Mashhad Dental 
School, Mashhad University of Medical 
Sciences, Mashhad, IranORCID: 
0000-0002-7601-114X

Tahereh Parhizkar - Postgraduate 
student, Department of Operative 
Dentistry, Mashhad Dental School, 
Mashhad University of Medical Sciences, 
Mashhad, Iran

Authors

Tugba Turk - Ege University, Department 
of Endodontics, Izmir, Turkey

Gianluca Gambarini - Sapienza University
 of Roma, Roma, Italy

10.59987/ads/2024.2.104-107



10510.59987/ads/2024.2. 104-107

Tugba Turk,  Gianluca Gambarini

the proximal side of the tooth, with no coronal restoration 
present. The tooth was tender to vertical percussion 
and palpation. There was no horizontal mobility or 
depressibility.
The tooth (#31) had a negative response to both the cold 
test and the electrical pulp test. Cold and electrical pulp 
tests were performed on all mandibular incisor teeth, 
and normal responses were observed. Periodontal 
probing revealed probing depths of less than 2 mm. At 
the radiological examination, internal external resorption 
and large apical lesion were observed (Fig. 1a).
Based on clinical and radiographic findings, a pulpal 
diagnosis of necrotic pulp with resorption was made 
for tooth 31, and due to the age of the patient a 
revitalization treatment was proposed and was chosen 
as the treatment modality after discussion with parents, 
providing all information about the risks and limitations 
of the treatment 
After rubber dam isolation, an access cavity was 
prepared and all necrotic infected tissue remnants 
were removed. The root canal was instrumented 
with nickel-titanium rotary instruments, aiming for a 
final shape with a .06 taper and an apical size of 25. 
Syringe irrigation with %1 NaOCl was used during 
instrumentation. then %17 EDTA was used to rinse 
and deactivate NaOCl. Then the LEAP procedure was 
started following the manufacturer’s IFU. After drying 
the canal with paper points, ICG dye was placed and 
left the canal for 1 minute. The laser fiber (size 30) was 
placed 1 mm shorter than the working length, and the 
laser was then activated with a LEAP setting, slowly 
removing the fiber from the canal in a circular motion 
over 30 seconds. This step was repeated 2 times. 
Then the dye was rinsed from the canal using saline; 
the canal was dried with sterilized paper points and 
calcium hydroxide medication was placed to the canal. 
After 14 days, the tooth was asymptomatic, with no pain 
or sensitivity reported by the patient. After removing 
the calcium hydroxide with EDTA, the LEAP protocol 
was again applied as described before, before starting 
the regenerative procedure. Apical bleeding was 
initiated and CGF fibrins obtained from the patient’s 
blood, were placed to the root canal which is full of 
blood. A bioceramic putty was placed in the coronal 2 
mm to ensure a three-dimensional seal in the coronal 
part of the canal, and an immediate post-operative 
radiograph was taken (Fig. 1b). Patient was recalled 
every 3 months for clinical examination, and never 
referred significant discomfort or pain while chewing. 
Radiological examination was done at 6 months (Fig. 
1c) and 12 months (Fig. 1d) intervals. The 12-month 
follow-up radiograph (Fig. 1d) showed that healing had 
occurred and revealed normal periapical structures. 
The resorption process was stopped. The patient 
reported that he was free of pain and could use the 
tooth normally.

Discussion 
Photodynamic therapy is a treatment modality that has 
been suggested for medicine and dentistry since many 
decades and more recently it has been commercially 
proposed in fields like periodontics and endodontics 
where bacterial reduction or elimination is a key factor 
in determining successful therapies (4,10). In the 
last decade, a few devices based on the concept of 

As a consequence safety of an irrigating procedure is 
considered as important as its efficacy.
The 980 nm diode laser in previous studies was found 
to be a valid adjunct to the treatment of necrotic cases 
with periapical lesions in terms of postoperative pain and 
root canal disinfection, but laser tips also have some 
limitations when dealing with complex anatomy (5,7). 
Recently a new laser enhanced ablation procedure 
(LEAP) has been proposed in order to maximize the 
efficiency of intracanal disinfection and minimize the risk 
related to the extrusion of the irrigating solutions (6). The 
LEAP technique is based on the use of a diode laser 
which activates a laser absorption solution containing 
indocyanine green (ICG). This LEAP solution has a high 
absorption efficiency of 810 nm diode laser energy. At 
optimal conditions, the laser induces a local thermal 
explosion to ablate residual and infected tissues in the 
canal without heating the surrounding dentin, providing a 
significant and safe disinfection and debridement of the 
root canal systems. The LEAP solution is injected with a 
30-gauge needle with the laser energy delivered through 
a specialized 200μm tip, and consequently, canals only 
need a minimally invasive approach. More precisely the 
need to be enlarged to about 250 μm size in the apical 
third area. According to the manufacturer, LEAP can 
optimize irrigation procedure both in terms of efficacy 
and safety, also by simplifying the operative procedure 
and reducing time, with a reliable and predictable clinical 
approach. 
In the present clinical work, this new technology was 
used in regenerative endodontics (13-15), which 
proposes the use of a combination of antimicrobials 
and irrigants, less invasive canal walls instrumentation, 
induced apical bleeding to form a blood clot and a tight 
seal into the root canal to promote healing. Regenerative 
endodontics in necrotic mature teeth is a complicated 
procedure to perform, due to the presence of wide, 
open resorpted apex and the need to guarantee a 
really significant reduction of bacteria inside the canal 
to promote healing and regeneration, while not affecting 
the regenerative potential of stem cells. In the last 
decade, alternative antimicrobial strategies in lieu of 
traditional triple antibiotic paste have been proposed 
for regenerative endodontic procedures. In the present 
study, the use of LEAP was suggested because the 
final irrigation procedure utilizes a more biocompatible 
approach (solution containing indocyanine green), 
avoiding the use of sodium hypochlorite and the risk 
related to its use in immature teeth. The article has 
been written according to the PRICE guidelines for case 
reports provided by the International Endodontic Journal 
and it is the first published clinical case where LEAP is 
used in regenerative endodontics.

Clinical Case 
A 13-year-old boy was referred for endodontic treatment 
of a lower left incisor. Dental history revealed a previous 
trauma to the mandibular anterior teeth approximately 
3 years ago. No dental treatment was administered at 
that time. During the following years the tooth become 
slightly symptomatic. According to the patient, the pain 
was now constant and diffuse with moderate severity, 
spontaneous in onset, and aggravated by mastication. 
Extraoral examination revealed no abnormalities. 
Intraoral examination revealed a small carious lesion on 
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of diffusion inside the endodontic space and in terms of 
excitation of the photosensitizers. It also requires proper 
light energy and a procedure which is simple to use 
and reliable. According to manufacturer LEAP aims at 
reaching these goals by using a new proprietary solution 
with ideal intracanal diffusion and a proper lase activation 
which optimize excitation of the photosensitizers, allowing 
a significant reduction of bacteria and infected debris 
inside root canal. In a recent clinical study LEAP therapy 
with ICG significantly reduced bacterial contamination 
inside canals and the protocol was suggested as a 
valuable adjunct to endodontic treatment in mature teeth 
with periapical lesions (6).
In the present case report LEAP was used as a final 
irrigation technique, aiming at properly disinfecting a 
necrotic immature tooth with periapical lesions with an 
irrigating procedure more delicate and probably safer 
than those using activated sodium hypochlorite. The 

photodynamic inactivation were commercialized as a 
promising effective adjunct to standard antimicrobial 
intracanal cleaning and several articles published 
showing bacterial load reduction in vivo, in vitro and ex 
vivo, with promising results (16,20). Such procedures 
require microbial exposure to either exogenous or 
endogenous photosensitizer molecules, which are 
introduced in the canal systems as fluids or gels. Then 
visible light energy is provided, usually by wavelengths 
in the red/near-infrared region. This energy results in the 
excitation of the photosensitizers and in the production 
of reactive oxygen species that react with intracellular 
components. As a final consequence cell inactivation 
and death is achieved.
Despite these favorable premises photodynamic therapy 
in endodontics has not gained popularity amongst 
clinicians due to the complexity of the root canal systems 
which requires ideal properties of the solution, in terms 

Figure 1 A-D. Radiographic images.

Figure 2. Leap device and protocol.
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Computed Tomography Study in Vivo. J. Clin. Exp. Dent. 
2019:11; e527–e533.
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one year control showing healing of the lesions and 
advancement in the root maturation process confirmed 
the clinically relevant antimicrobial results provided by 
LEAP and the minimal negative effect on the stems 
cells, which allowed a quick regenerative effect. The 
successful removal of intracanal bacteria and infected 
tissue is essential in regenerative endodontics, as the 
presence of bacterial contamination adversely affects 
the regenerative process. Such a delicate approach was 
also assessed by the absence of post-operative pain 
which is also due to a non-significant extrusion of the 
solutions and/or its biocompatibility, and also related to 
the use of more biocompatible sealers (18).
Hence we may conclude that the LEAP technique seems 
to be a very promising effective adjunct to standard 
antimicrobial intracanal disinfection and debridement 
for the treatment of periapical lesions both in mature 
and immature teeth due to its proprietary mechanism of 
action, photosensitizers, and light sources.

The authors deny any conflict of interest

References 
1. 	 Akçay, A.; Gorduysus, M.; Gorduysus, M. O.; Annamma, L. 

M.; Müftüoglu, S. A Comparative Evaluation of the Clean-
ing Efficacy of Five Different Root Canal Irrigation De-
vices: A Histological Study. Eur J Dent. 2023. https://doi.
org/10.1055/s-0043-1774325.

2. 	 Gambarini, G. Shaping and Cleaning the Root Canal 
System: A Scanning Electron Microscopic Evaluation of a 
New Instrumentation and Irrigation Technique. J  Endod. 
1999:25;12, 800–803. 

3. 	 Gambarini G, Miccoli G, Seracchiani M, Khrenova T, Don-
francesco O ;Angelo M,Galli M, Di Nardo D, Testarelli L. 
Role of the Flat-Designed Surface in Improving the Cyclic 
Fatigue Resistance of Endodontic NiTi Rotary Instruments. 
Materials (Basel). 2019:8;12:2523. 

4. 	 Hoshyari N, Mesgarani A, Sheikhi MM, Goli H, Nataj AH, 
Chiniforush N. Comparison of Antimicrobial Effects of 445 
and 970 nm Diode Laser Irradiation with Photodynamic 
Therapy and Triple Antibiotic Paste on Enterococcus fae-
calis in the Root Canal: an In Vitro Study. Maedica (Bucur). 
2024;19:57-65

5. 	 Huang Q, Li Z, Lyu P, Zhou X, Fan Y. Current Applications 
and Future Directions of Lasers in Endodontics: A Narra-
tive Review. Bioengineering (Basel). 2023:26;10:296. 

6. 	 Leonardo RT, Puente CG, Berbert FLCV, Faria G, Nishi-
yama CK, Orosco FA, Rodrigues GWL, Ribeiro APF, Cintra 
LTA, Trope M. Clinical Study of Antimicrobial Efficacy of 
Laser Ablation Therapy with Indocyanine Green in Root 
Canal Treatment. J Endod. 2023:49;990-994.

7. 	 Maiti N, Benedicenti S, Henna, Ambesh S, Gudapati S, 
Mustafa M, Agarwal K. Assessment of Efficiency of Diode 
Laser in Root Canal Disinfection: An Original Research. J 
Pharm Bioallied Sci. 2022:14;S248-S250. 

8. 	 Martins CM, da Silva Machado NE, Giopatto BV, de Souza 


