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Abstract: The study aimed to investigate the effects of endodontic space decontamination using a
laser combined with ozonated water in the therapy of complicated pulp gangrene. The subject of
this in vivo study was a 12-year-old patient diagnosed with extensive periapical periodontitis on
the mandibular right first molar. Biological samples were initially collected to identify the active
pathogen—Enterococcus faecalis, then the nonsurgical endodontic treatment was performed in a
single visit, according to the active disinfection guidelines of the identified pathogen. Two-month
postoperative, clinical and radiological examination revealed a complete healing of the periapical
lesion. The correct diagnosis of this endodontic-periodontal pathology, and the unconventional
treatment of the complex system of infected root canals, allowed a favorable treatment result without
any surgical intervention. This unconventional approach, which combines a laser technique with
ozonated water, allows for predictable results in periapical lesion treatment.

Keywords: complicated pulp gangrene; chemomechanical debridement; laser; ozonated water;
Enterococcus faecalis

1. Introduction

Over the years, considerable effort has been made to find new prognostic and predictive biomarkers
for oral pathologies, to develop new technologies for identifying and controlling etiological factors
and to use new methods in the treatment and follow-up of oral diseases [1-4].

Most prevalent oral conditions, such as dental caries and periodontal and peri-implant disease,
are plaque-related. Pulpal and periapical pathology are the consequence of intracanal bacteria and
their products. Mechanical preparation of root canals targets the removal of infected dentin and the
enlargement of canals to favor irrigant penetration during the disinfecting process. However, literature
data reveal that complete bacterial removal is not constantly achieved with current conventional
chemical disinfectants [1-8].

The antiseptic properties of dental lasers and ozone have been analyzed and extensively discussed
in the literature in recent years [1-8]. Their bactericidal, fungicidal and virucidal effects have been
highlighted since the early twentieth century [9,10]. Since then, lasers and ozone have had a wide
applicability in several medical fields, including dentistry. Chemomechanical debridement of the
infected root canals, especially on teeth with persistent apical periodontitis, is a modern minimally
invasive treatment. It is extremely attractive for both dental practitioner and patient because it is
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painless and does not require any anesthesia. A correct decontamination of the endodontic space is the
key to success in the treatment of chronic apical periodontitis. The intervention procedures include the
reduction of bacterial microflora by mechanical removal of pulp tissue and the infected residual smear
layer [11].

It is unanimously accepted that anaerobic gram-negative bacteria are involved in infections of root
canals and the periapical area. Enterococcus faecalis (E. faecalis) plays an important role in endodontic
and periapical infections, especially due to its highly pathogenic characteristics [12]. While some
studies have considered E. faecalis to be one of the most common pathogens involved in persistent
root infections, other studies have shown the contrary. Antunes et al. identified in 2015 the presence
of E. faecalis in only 14% of the evaluated cases of persistent apical periodontitis. The samples were
obtained by cryopulverization and tested by polymerase chain reaction (PCR) [13]. The low frequency
of E. faecalis in the root apex makes its involvement in endodontic treatment failures questionable.
Nevertheless, E. faecalis proved to be one of the most resilient contaminants, showing resistance to
antimicrobial and disinfecting agents, such as chlorhexidine, NaOCl, ethylenediamine tetraacetic acid
(EDTA), citric acid, halogens and hydrogen peroxide [11-14]. Additionally, for most of these agents
toxicity in high concentrations is a significant factor.

The main goal of combining endodontic ozone therapy with diode laser therapy is to significantly
reduce or eradicate the microbial load on the complex root canal system, facilitating the completion
of the mechanical debridement. The three-dimensional obturation is meant to prevent bacterial
recolonization [15,16].

Compared to laser therapy, which is a radiative technique, ozone therapy uses a highly instable
chemical compound (O3) that is much more oxidizing than oxygen. Ozone is naturally produced in
the upper layer of the atmosphere, as a result of ultraviolet energy or lightning. Clinically, an ozone
generator produces an electrical discharge field that increases the energy of oxygen molecules (O,),
causing atom separation and temporary recombination of oxygen atoms in triatomic molecules.

Ozone has a remarkable antimicrobial capacity, and bacteria do not become resistant to its action,
which is an enormous advantage when compared to antibiotic therapy [17]. As reported in the in vitro
studies, the ozonated water (O3 aq) applied for one minute with a concentration up to 20 pg X mL~! has
no toxic effects on oral tissue [18,19]. Moreover, it has been shown that ozone has good biocompatibility
with oral epithelial cells (BHY), gingival fibroblasts (HGF-1) and periodontal cells [20,21]. Currently,
ozone in endodontic therapy is often discussed as an alternative antiseptic agent due to its antimicrobial
capacity. Ozone is a strong oxidizing agent, reported to have similar bactericidal properties to sodium
hypochlorite but with lower toxicity [22].

In endodontics, antimicrobial photodynamic therapy (aPDT) involves the application of a
photosensitizer in an infected root canal that sensitizes the microorganism, followed by exposure
to a 360° uniformly distributed light. The light source, usually with red/near-infrared wavelengths,
generates the excitation of the photosensitizer, leading to reactive oxygen production that induces
a biocidal reaction in the target cells, in this case the microorganisms, causing their death [23,24].
Currently, dental lasers are considered an additional therapy to conventional protocols used to disinfect
the complex root canal system [25,26].

Due to the lack of in vivo studies that evaluate the cumulative effect of aPDT associated with
ozonated water (-) in the treatment of extensive chronic apical periodontitis, this research aimed to
investigate the efficiency of the controlled application of these two different techniques in the context
of completely replacing conventional chemical endodontic disinfectants.

2. Materials and Methods

2.1. Study Participant

The subject enrolled in this in vivo study was a 12-year-old patient (PI) complaining of a moderate
pain on the mandibular right first molar (MRFM), especially during mastication. The patient presented
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with diabetes type I with a blood glucose level of 248 mg/dL and a glycated hemoglobin level of 7.6%.
He also mentioned that 1 year and 7 months ago his MRFM was restored with a direct composite
restoration due to a caries lesion (Figure 1).

Figure 1. Orthopantomography (OPG) taken immediately after carious lesion treatment in the
mandibular right first molar (MRFM).

No significant signs or symptoms were identified on extraoral examination. During the intraoral
inspection, a coronal composite resin restoration was noticed on the MRFM. A microleakage space
was identified by probing when evaluating the restoration. A fistula in the right mandibular vestibule
adjacent to the root apex of the MRFM was identified. The palpations of the mucosa and the percussion
in the axis of the investigated tooth were painful. The periodontal evaluation of the mandibular right
first and second molars did not detect any periodontal pockets. Thermal sensitivity tests using cold
(Pharmaethyl Tetrafluoroethane Spray, Septodont®, St. Maur-des-Fossés, France) and hot (heated
gutta-percha bars—H01061, Coltene Whaledent GmBH + Co KG, Langenau, Switzerland) stimuli were
negative when applied on the MRFM. The results for the pulp sensitivity test were normal when used
for the two consecutive molars. The radiographic evaluation revealed for the MRFM a considerable
widening of the periapical space of the mesial roots—periapical index (PAI index) score 4—and a slight
widening of the periapical space of the distal roots—PAI index score 3 (Figure 2). The pulp gangrene
was complicated with chronic apical periodontitis extended on both roots, but it was more extended
on the mesial root of the tooth.
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Figure 2. Initial radiographic investigation.

Figure 2 shows a periapical osteolysis with a well-defined contour. According to anamnesis, and
clinical and radiographic findings, the diagnosis was of chronic apical periodontitis on the MRFM.

2.2. Materials, Devices, and Techiques

2.2.1. Chemomechanical Debridement of Endodontic Space and Root Canal Filling

The endodontic treatment for the MRFM was performed in a single visit.
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The crown-down technique was used alternately with Gates-Glidden drills #3, #4 and #5 and
ProTaper Gold rotary endodontic files (Dentsply Maillefer®, Ballaigues, Switzerland) to shape the
canals. An apex-locator device was used to measure the working length (Root ZX 11, J. Morita Corp.,
Kyoto, Japan), and an aqueous solution of 17% EDTA (Cerkamed Medical Company, Stalowa, Poland)
was used to remove the smear layer.

Antimicrobial photodynamic therapy was performed using the debridement function of SOL
device (DenMat, Lompoc, California, United States)—2 Watts output continuous wave (CW) and 808 +
5 nm wavelength. An optical fiber with a diameter of 400 um was inserted into the root canal, which
was 3 mm shorter than the working length. The irradiation of the endodontic space was repeated four
times with 15 s intervals. CW-2-W aPDT was applied alternately in continuous mode and in pulse
mode (PM)—2 W, in direction from the crown to the apical area. The laser pulse mode application was
performed after the root canals were dry using paper points.

The O3 aq was obtained by bubbling ozone in the gaseous state (75 g x mL™!) in distilled water for
15 min using an ozone generator (Ozonytron, Biozonix GmbH, Munich, Germany). The measurement
of the O3 aq concentration was made by oxidizing a colorless indicator (diethyl-p-phenylene diamine),
which turns pink in the presence of ozone. As a reference, a sample with a saturation point
of 20 ug x mL~!, produced by the Palintest Ozone Meter (Palintest® Ltd., Gateshead, UK) was
used. The resulting product was introduced into the intracanal space after each size change of the
endodontic files.

The final root canal filling was performed using a vertical condensation technique of warm
gutta-percha (Fast-Fill system, Eighteeth, Changzhou, China), with a bioceramic-based sealant Bio-C
Sealer (Angelus, Londrina, Parand, Brazil). A temporary coronal filling with Dent-a-Cav (WP Dental
GmbH, Barmstedt, Germany) was placed for 2 weeks, and periapical radiography was indicated for the
MRFM to check the root canal treatment (Figure 3). The final coronal restoration was performed using
a composite resin (Competence Special Set, WP Dental GmbH, Barmstedt, Germany), 2 weeks after the
root canal treatment. The patient recall for clinical and radiographic examination was established in
two months. The periapical radiography after two months is presented in Figure 4.

Figure 3. Postoperative periapical radiographic aspect.

Y
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Figure 4. Two-month postoperative periapical radiographic aspect reveals the healing of the
periapical area.
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2.2.2. Identification and Quantification of E. faecalis

Endodontic Sample Collection

Biological samples were collected from the root canals using sterile endodontic absorbent paper
points (ISO 20, Dentsply DeTrey®, Konstanz, Germany) by leaving each paper point in the root canal
for 20 s. The points were then placed in a 1.5-mL cryotube containing 1 mL of RNAlater solution. DNA
extraction was performed with the commercial MagaZorb DNA Mini-Prep Kit (Promega, Madison,
WI, USA) following the manufacturer’s instructions. The quantity and the purity of the isolated
DNA were determined by spectrophotometry (NanoPhotometer®, Implen GmbH, Munich, Germany).
The quantification was performed by measuring the optical density (OD) at 260 nm. The ratio of the
absorbance at 260 and 280 nm indicated the DNA purity.

The biological samples were collected in four distinct protocol stages:

1.  after opening the pulp chamber, before starting the chemomechanical decontamination of the
endodontic space (untreated stage)

2. after mechanical debridement with physiological serum (mechanical stage)

3.  after mechanical debridement and ozone therapy, where ozone was the substitute for chemical
decontaminants (mechanical + ozonated water stage)

4.  after mechanical debridement, ozone therapy and diode laser therapy, the equivalent of a complete
chemomechanical preparation (mechanical + ozonated water + laser stage)

Quantification of Enterococcus faecalis

The determination of E. faecalis bacterial load was performed according to the protocol established
by Bourgeois et al. in 2017 [27]. The quantification of the pathogenic bacteria was performed by
quantitative real-time PCR; the method with intercalated fluorochromes, using the Mx3005P qPCR
platform (Stratagene, La Jolla, CA, USA) [28]. In the gPCR reactions, a total volume of 25 uL solution
was used, which contained 2 L. DNA solution isolated from the sample to be analyzed, 12.5 GoTaq®
GREEN gPCR Master Mix solution, 0.6 R 10 pM primer solution, 0.6 uL F 10uM primer solution,
0.4 uL ROX solution and 8.9 uL biologically pure water. These reactions were used to determine the
effective concentration of the microorganism. For the construction of the standard curve, a recombinant
plasmid was used in which the DNA sequence of interest was incorporated and flanked by sequences
complementary to the primers to allow their attachment.

The study was approved by the Ethical Committee of the “Grigore T. Popa” University of Medicine
and Pharmacy of Iasi. A written informed consent form for the harvest and use of biological materials
during endodontic treatment was voluntarily obtained from the patient (protocol number 10353).
The research was conducted in full accordance with the World Medical Association Declaration
of Helsinki.

3. Results and Discussion

The biocidal effect on E. faecalis of three different protocols was evaluated by qPCR reactions.

In the gPCR tests, an E. faecalis concentration value of 5.7 X 10° was identified before applying
any type of treatment. The mechanical treatment reduced the E. faecalis concentration to 1.02 x 10°.
The mechanical and O3 aq treatment induced an additional reduction to 4.87 x 10%. The complete
treatment protocol (mechanical + ozonated water + laser) led to no E. faecalis being identified in the
endodontic space (Figure 5).
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Figure 5. qPCR test values of E. faecalis for the four protocol stages.

The diagnosis for the MRFM was established by considering the patient symptoms and clinical
signs and by using additional X-ray investigations that showed the well-defined area of radiolucency,
with the disappearance of the lamina dura and periodontal ligaments, associated with the negative
response to pulpal vitality tests. Clinical evaluation of the patient two weeks after the endodontic
treatment showed no clinical symptomatology, with negative percussion and palpation, and the visual
intraoral evaluation showed healing of the fistula tract. The radiographic evaluation after two months
indicated that the pathological apical radiolucency was reduced to a minimum.

The number of therapy sessions needed for complete decontamination of the root canals is still
among controversial debate topics in the endodontic literature. In this study we chose to make the
treatment and microbiological analysis in a single visit. This decision relies on the results of Cochrane
systemic analysis conducted in 2008, which showed that there is no significant difference in treatment
efficiency according to the number of dental visits [29].

Supplementarily, in our in vivo study the conventional chemical disinfectants were completely
replaced by ozone and antimicrobial photodynamic therapy. Our data obtained by associating these
two methods in root canal decontamination (laser radiation and ozone water) represent a novelty in
the research field.

Cardoso et al. in 2008 showed that O3 aq used as an irrigation agent significantly reduces the
number of Candida albicans [30] and E. faecalis in human root canals [31,32]. Huth et al. in 2007
scientifically proved that ozone has anti-inflammatory and immunomodulatory properties, exerting
inhibitory effects on the NF-kB system, which is crucially implicated in the inflammatory, immune and
apoptosis processes [33]. Due to these results, the use of ozone in dentistry has become more frequent.
In endodontics the use of ozone relies on its antimicrobial efficacy, as well as on its oxidation capacity
to reduce the number of microorganisms in the root canal [34-36]. Nevertheless, the conclusion of a
recent systematic review was that ozone therapy should not replace or complement the use of NaOCl,
revealing that the performance in microbial load reduction of ozone is inferior to that of NaOCl [37].

Instead, the laser interacts with water molecules (by irradiation) and produces a cavitation
phenomenon that allows better intracanalar penetration of the irrigation solution [38,39]. One of
the most important actions performed by the dental laser is the heating action, but this can also be
considered as a disadvantage. A 10 °C rise in temperature for 1 min can irreversibly damage the
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periodontal tissues. The heating effect can be reduced by optimizing the application process (time
and intensity).

Special attention was paid to all operating components and stages of the proposed experimental
therapeutic protocol, which already were optimized in previous studies [1,35]. Thus, in our study
diode laser irradiation was performed at C/P-Mode-2 W (four times) for 15 s, and each irradiation was
followed by 20 s of O3 aq irrigation.

According to the literature data and preliminary results obtained in our study, it appears that the
involvement of the three techniques—mechanical debridement, ozone therapy and the diode laser
technique—brings a synergistic effect in achieving E. faecalis negative samples.

Within the limitations of the study (only one patient was taken into account), the findings sustain
our previous clinical observations that the combination of a dental laser and ozonated water can
replace the traditional chemical agents in complete decontamination of the endodontic space.

4. Conclusions

In this particular case, excellent results were obtained by a new procedure for periapical lesion
treatment using a dental laser and ozonated water. The beneficial effect of this nonconventional therapy
was highlighted by radiographic examination two months after the root canal filling. This treatment
is based on the interaction of two components: a photosensitizer dye and ozone. The healing of the
periapical area by restitutio ad integrum in conjunction with the absence of clinical signs and symptoms
confirms the effectiveness of this alternative treatment.

Further studies are required to confirm the biological safety of diode laser application in this
procedure and the efficiency of the two therapies in combination.
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