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Abstract

Mechanical and drug treatment of the root canal are the most important components of the success of endodontic treatment. This work presents
the results on the effectiveness of the root canal disinfection using an erbium laser in combination with a 17% solution of ethylenediaminetet-
raacetic acid (EDTA) in vitro and in clinical studies. An in vitro study was carried out on removed intact teeth infected with strains of Enterococcus
faecalis, Streptococcus sanguinis, and Candida albicans. An experimental group of teeth was treated medically according to a standard protocol
using 3% solution of sodium hypochlorite and 17% solution of EDTA followed by irradiation with erbium laser. The control group was treated
similarly but without laser irradiation. The treatment effectiveness was evaluated by the reduction of CFU. After the treatment, in the control
group after the mechanical and drug treatment, the CFU amount lowered by 4 times, while the complete sterilization was observed in the ex-
perimental group. The clinical studies included two groups of 35 patients each diagnosed with chronic periodontitis. In the experimental group
of patients, at the final stage, treatment with erbium laser for 1 min using endodontic piece (40 mJ power, 2940 nm wavelength, 10 Hz pulse rate)
and a 17% EDTA solution was performed before filling. Periodontitis treatment in the control group was carried out without the laser treatment.
The control group of patients saw the reduction on CFU after the mechanical and drug treatment by 3-6 times, while the experimental group
achieved the complete sterilization of the root canals. The obtained results prove that the modification of the root canal treatment by the inclu-
sion of erbium laser irradiation is a promising direction in endodontics.
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MUKPOBNOJTIOTMHECKOE MCCITEJOBAHME
DPDEKTUBHOCTU OBPABOTKU KOPHEBOTO
KAHAJ1A 9PBUEBBIM JTASEPOM

C.H. Pasymosa, A.C. bparo, X.b. bapakar, O.C. Koznosa, 3.B. Bennuko, IO.J1. Bacunses
Poccurckuit ynusepcntet apyx6sl Hapoaos, Mocksa, Poccus

Pesiome

MexaHunyeckasa 1 megmKameHTo3Hasa 06paboTKa KOPHEBOrO KaHasa — Ba)KHeNLW e CoCTaBAALWYMe yCnexa SHLO0A0HTMYECKOrO leyeHus. B
cTaTbe NpefCcTaBlieHbl Pe3yNbTaTbl MCCIEAOBAHNA 3PDEKTUBHOCTM Ae3UHPEKLIMOHHON 06paboTKN KOPHEBOro KaHana 17%-biM pacTBo-
POM 3TUNIEHANAMUHTETPAYKCYCHOM KncnoTbl (SATA) B coueTaHnm ¢ 3p6uesbim nazepom (Er:YAG) in vitro v B KNMHUYECKNX UCCIIeJOBaHUSAX.
WccnenoBaHue in vitro BbINOMHEHO HAa MHTAKTHbIX YAANIEHHbIX 3y6ax, UHGMLMPOBAHHbIX WTaMMamu Enterococcus faecalis, Streptococcus san-
guinis n Candida albicans. OnbiTHYt0 rpynny 3y60B 06pabaTbiBany MeMKaMeHTO3HO MO CTaHAAPTHOMY NPOTOKOJY C UCMOofb3oBaHeM 3%-
ro pacTBopa runoxaoputa Hatpua u 17%-ro pactsopa ATA ¢ nocneaywwmm obnyyeHmem sp6veBbim nazepom. O6paboTKy KOHTPOSIbHOW
rpynmnbl 3y60B NPOBOAMIIM aHANIOTMYHbIM 06Pa3oMm, HO 6e3 061yueHUs nazepom. IPeKTUBHOCTb 06PABOTKM OLIEHMBANN MO YMEHbLIEHWIO
Tutpa KOE. B koHTponbHoM rpynmne TuTp KOE nocne MexaHMYecKon 1 MeJMKaMeHTO3HO 06paboTKM CHU3UACA B 4 pa3a, a B OMbITHON rpyn-
ne 6bina OCTUrHYTa MOJIHAs CTEPUIIM3ALIMA KOPHEBBIX KaHaNIoB. B KNMHMYecKme nccnefoBaHus 6biiv BKIOUEHbI 1BE FPyMbl NaLVMEHTOB Mo
35 yenoBekK C ANAarHO30M XPOHUYECKUNI MAaPOAOHTMUT. B ONbITHON rpynne naunMeHToB Ha NMociefHeM dTane neyeHuns NpoBognIn 06paboTky
KOPHEBbIX KaHanoB 3p61eBbIM 1a3epOM B TEYEHWE OAHOW MUHYTbl SHAOAOHTUYECKO HacaaKom € SHepruen 40 mIX c 4NVHON BONHbI 2940
HM, npw yactoTe nmnysnbca 10 Iy ¢ 17%-bim pactBopom STA 11 06TypupoBani. B KOHTPONbHON rpyrnne NPoBOAVIIV NIEYEHIE NEPVOJOHTNTA
6e3 06paboTKM Nasepom. B KoHTponbHOW rpynne nauveHToB TMTP KOE nocne mexaHnyeckon n MeanKaMeHTO3HON 06paboTKm cHU3uCA
B 3-6 pas, a B OMbITHOW rpynne 6bina AOCTUTHYTa NOJIHAaA CTEPUIN3aALIMA KOPHEBbIX KaHanoB. MonyyeHHble pesynbTaThl [OKa3blBatoT, YTO
MoZMPUKaL s NPOTOKOa 06paboTKM KOPHEBOTO KaHasa 13flydeHriemM 3p6reBoro nasepa ABIAETCsA NepCneKTMBHbIM HanpaBieHWeM B H-
[OAOHTUN.

KnioueBble cnoBa: 3p6ueBbii nasep (Er:YAG), nasepHas 06paboTKa, SHOOLOHTUYECKOE JIeYeHre, MUKPOOMOoormyeckoe ncciefoBaHue,
KOPHEeBOW KaHar.
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Introduction

The main tasks of mechanical, medical treatment and
shaping of the root canal which is convenient for the
chosen technique of obturation are the removal of in-
fected dentin and disinfection of the root canal.

The existing variety of root canal treatment tech-
niques demonstrated the lack of a universal approach to
these tasks.

The main antiseptic and lubricant is a 3-5% of so-
dium hypochlorite. Its disadvantage is the rapid inacti-
vation during processing and heating, which requires
constant irrigation of the treated area with a new portion
of the solution. In addition, hypochlorite is not active
against certain forms of microorganisms, for example,
Enterococcus faecalis. To expand the antibacterial spec-
trum in modern protocols, it is often recommended to
use chlorhexidine 2% or calcium hydroxide in the form
of pastes for temporary filling for 10-14 days. After us-
ing of calcium hydroxide, repeated treatment of the root
canal with a 3% sodium hypochlorite solution is recom-
mended, followed by washing. In addition to that, before
obturation, the root canal must be treated with a 17%
solution of ethylenediaminetetraacetic acid (EDTA) to re-
move the smear layer. Then it is needed to disinfect the
canal, dry and obturate. According to various authors, the
antibacterial effectiveness of this technique is 50-70% [1-
3]. Anincrease in the effectiveness of drug treatment can
be achieved by activating solutions to penetrate deeper
into the infected areas of the root canal system. For this,
physical methods of solution activation are used: sound,
ultrasonic, hydrodynamic and laser techniques.

Experimental and clinical developments on the use
of laser technologies in dentistry and in particular in end-
odontics have been conducted since 1988 and to date,
extensive clinical experience has been gained on the use
of diode lasers in the protocol for endodontic root canal
treatment [4-6]. Erbium laser radiation has been used
in clinical dentistry as an alternative to the mechanical
method of preparing hard tooth tissues since 1997 [7,
8]. The possibilities of using Er:YAG laser radiation (2.94
pum) including the treatment of caries and its complica-
tions, sealing fissures, resection of the apex of the roots
in chronic periodontitis, as well as patchwork operations
in surgical periodontics [8].

The effects of traditional using of laser in endodon-
tics are ablation of tissue remains, destruction of bacte-
ria, and removal of the smear layer [7, 8].

For that, the aim of this research was to study the
effectiveness of disinfection of the root canal with an er-
bium laser (Er:YAG) after standard mechanical and drug
treatment of the canal.

Materials and methods

To study the effectiveness of mechanical and drug
treatment of the root canal with an erbium laser, 20 in-
tact single-rooted extracted teeth due to periodontal
disease were selected for the study.

The teeth were disinfected and processed by the
standard mechanical protocol (hand tools K-files, K-
Reamer, H-files, machine tools profiles, M2) and drug
treatment, using 3% sodium hypochlorite and 17% EDTA
solution with passive ultrasonic for solutions activation.
Then the teeth were sanitized in a 75% alcohol solution,
washed with sterile distilled water and infected with
strains of Enterococcus faecalis, Streptococcus sanguinis
and Candida albicans. After incubation for 7 days, den-
tin scrapings were taken from the walls of the root canal.
then, the teeth were prepared mechanically using hand
and machine tools and medically using 3% sodium hy-
pochlorite solution and 17% EDTA solution with passive
ultrasonic activation of irrigants. After EDTA treatment,
all teeth were randomly divided into two groups. In the
first group, the root canals were treated with a 17% EDTA
solution in combination with an erbium laser for 1 min-
ute with an energy of 40 mJ, a wavelength of 2940 nm,
and a pulse frequency of 10 Hz. The teeth of the second
group were not treated with laser. Before medical treat-
ment of the root canal and immediately after its comple-
tion, dentin scrapings were taken for microbiological ex-
amination. Dentin was taken from the walls of the root
canal with a sterile H-file. Dentin samples from the root
canal were placed in a transport medium. Sowing the
contents of the root canal was carried out on solid nu-
trient media. Cultivated in an aerobic incubator (Binder,
Germany) and a co, incubator (Lamsystems, Russia) in
accordance with the requirements for incubation condi-
tions for various microorganisms. Quantitative assess-
ment of the results of sowing was carried out according
to the Gould method. Identification results were taken
into account by MASS spectrometry (MALDI-TOF), Myla-
MC (BioMerieux, France).

To study the antibacterial properties of an erbium
laser in vivo, 70 patients with a diagnosis of chronic peri-
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Fig. 1. Microbiological study on group 1 extracted teeth using Er:YAG laser

odontitis (K04.5 chronic apical periodontitis. Apical gran-
uloma) aged 35-60 years were selected. The test group
consisted of 35 patients (19 women and 16 men). End-
odontic treatment was performed according to standard
methods. The operation field was cleaned with brushes
with paste and 2% chlorhexidine solution and isolated
with cofferdam. The old restoration was removed with
sterile boron. Then the boron was replaced, the tooth
cavity was opened, the root canals were mechanically
and medically treated with manual and machine tools.
Root canal irrigation was performed with 3% sodium
hypochlorite with passive ultrasonic activation of the
solutions. At the final stage, the canal was treated with
a 17% solution of EDTA with an erbium laser for one
minute using an endodontic tip, with an energy of 40
mJ, a wavelength of 2940 nm, and a pulse frequency of
10 Hz. A laser fiber was inserted into the orifice of the
root canal without touching its walls. Root canal filling
was performed at the same visit. The comparison group
consisted of 35 (20 women and 15 men) patients who
received the same root canal treatment without using an
erbium laser.

Results

In the test group of extracted teeth (the group treat-
ed with erbium laser), high titers of Enterococcus faecalis,
Streptococcus sanguinis and Candida albicans strains were

shown before drug treatment of the root canal. After me-
chanical and drug treatment of the root canals with 17%
EDTA in combination with erbium laser, no colonies were
recorded in all tested samples. This indicates the steriliza-
tion of the root canal (Fig. 1).

In the control group of extracted teeth (treated with-
out erbium laser), a significant decrease in the titer of En-
terococcus faecalis, Streptococcus sanguinis and Candida
albicans strains was established. After mechanical and
drug treatment of the root canals on the extracted teeth,
a significant decrease by 4 times in the titer of colonies of
the above microorganisms was recorded (p <0.05) (Fig. 2)

According to that, this in vitro study showed that me-
chanical and drug treatment of the root canal reduced
the number of microorganisms to titers 10% and 10* CFU/
ml and high efficiency of root canal treatment was ob-
served when applied erbium laser for one minute, with a
power of 40 mJ, and a pulse frequency of 10 Hz.

To determine the efficacy of root canal treatment
with an erbium laser in clinical trial, two groups of pa-
tients with a diagnosis of chronic periodontitis (K04.5
chronic apical periodontitis. Apical granuloma) aged 35
to 60 years were included in the study. At the stages of
endodontic treatment, materials were collected for mi-
crobiological examination: before and after mechanical,
drug treatment of the root canal, as well as after using
erbium laser.
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Fig. 2. Microbiological examination in control group on extracted teeth without using ER:YAG laser

In the test group, high titers of Enterococcus Haemo-
Iyticus, Staphylococcus epidermalis, Streptococcus mitis
and Streptococcus mutans from 10° to 10® cells/ml me-
dium were observed immediately after mechanical treat-
ment of the root canals (without drug treatment). After
drug treatment of root canals, a significant decrease in
the titer of microorganisms by four times to 10 CFU/ml
was recorded (p <0.05). The data was presented in Table
1.Inroot canals, treated with erbium laser in combination
with 17% EDTA in all tested samples, colonies growth was
not recorded. This indicates sterilization of the root canal.

In the control group, patients received a similar pro-
tocol for endodontic treatment and materials were col-
lected before and after drug treatment of the root canal.
The data was presented in Table 2. Before root canal
treatment, as in the main group, high titers of Enterococ-
cus Haemolyticus, Staphylococcus epidermalis, Streptococ-
cus mitis and Streptococcus mutans from 10° to 10® CFU
/ ml of medium were observed. After drug treatment, a
significant decrease in the titer of microorganisms to 10%
10% CFU / ml (p <0.05) was detected and only Streptococ-
cus mitis growth was not recorded.

Discussion

The quality of drug treatment of the root canal, car-
ried out according to the endodontic treatment proto-
cols adopted in the Russian Federation, is not sufficient
to achieve a long-term clinical effect. The modification of

the protocol for treating the root canal by radiation of an
erbium laser with a wavelength of 2940 nm, a power of 40
mJ, and a pulse frequency of 10 Hz showed a high qual-
ity of sterilization of the root canal. Similar results on the
effect of Er, Cr: YSGG laser with a wavelength of 2780 nm
were obtained in studies of T.V. Furtseva and others. [9].
Authors, L.U. Orekhova et al. [10], I.Il. Malov et al. [11], S.L.
Blashkova et al. [12] in their studies, it was demonstrated
the high efficiency of using lasers in endodontics. Similar
data to our results were published by E. Henninger et al.
[13]: the authors studied the radiation efficiency of an er-
bium laser on strains of Streptococcus gordonii in combi-
nation with Actinomyces oris or Fusobacterium nucleatum
and showed the effectiveness of this treatment in end-
odontic infections. Researchers from different countries
show high efficiency of root canal treatment with both
diode and erbium lasers [14-16].

Conclusion

Within the limits of this study, the efficiency of root
canal treatment with an erbium laser with a wavelength
of 2940 nm, energy of 40 mJ, pulse frequency of 10 Hz,
and a power of 0.5-8.4 W is quite high. Modification of
the irrigation protocol for endodontic treatment, in par-
ticular, chronic periodontitis K04.5, by the action of ra-
diation from an erbium laser is an effective method and
more further studies are needed in this field.
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Ta6nuual

Pe3yAbTaTbhl MUKPOOUOAOrMUYECKOTO UCCAEAOBAHUA OCHOBHOM rPynMnbl NaLUMEeHTOB Ha aTanax aHAOAOHTUYECKOTO AEUEHUSA
Table 1

Results of a microbiological study of the main group of patients at various stages of endodontic treatment

Enterococcus Staphylococcus Staphylococcus Streptococcus | Streptococcus
OnbITHasA rpynna Faecalis Haemolyticus epidermalis mitis mutans

KOE/mn KOE/mn KOE/mn KOE/mn KOE/mn

[lo 06paboTKy KaHana

A 108 108 10°-10° 107-108 107
Before irrigation

MNMocne megnkameH
TO3HOV 06paboTKM
KaHana

After root canal irrigation

10 10? 10% 102 10?

[Mocne megnkameH

TO3HOW 06PabOTKM

KaHana v o6paboTku Het pocTa Het pocTa Het pocTa Het pocta Het pocta
nasepom No growth No growth No growth No growth No growth
After root canal irrigation

and Er:YAG laser

Ta6Gnuua 2

PesyAbTaTbl MUKPOOUOAOTMUYECKOTO UCCAEAOBAHUA NALMUEHTOB FPynMnbl CPaBHEHUA Ha aTanax SHAOAOHTUUYECKOIO AeYEHUSA
Table 2

The results of a microbiological study of the control group of patients at the stages of endodontic treatment

Enterococcus Staphylococcus | Staphylococcus
KoHTponbHas rpynna Faecalis Haemolyticus epidermalis

_ r
Streptococcus mitis LT

mutans
KOE/mn KOE/mn KOE/mn el KOE/mn

[lo 06paboTkm
KaHana

Before root canal
irrigation

108 108 10°-10° 107- 108 107

[Nocne megnkameHTO3

HOW 06paboTKN KaHana 10° 10? 102 HeT pocTta
After root canal No growth
irrigation

10%

3HaueHme KpUTepHA p 0.009 0.009 0.04 0.000 0.009
P-value
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