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COMPARATIVE ASSESSMENT OF THE ROOT CANAL
IRRIGATION QUALITY WITH EXPERIMENTAL INTRA-
ROOT RESORPTION IN VITRO

Introduction. To date, intra-root resorption of teeth is poorly
understood, although it is often encountered in dental clinics.

This study aimed on assess and comparison of different methods of
irrigation and antiseptic solutions activation used for root canal
treatment, and focus on cleaning the area of simulated intra-root
resorption.

Methods. 24 extracted teeth were used, which the simulation of
internal resorption was reproduced by dissection the inside of the root
canal under the control of an electron microscope (Karl Kaps, Germany)
in. Distilled water, sodium hypochlorite 5.25 %, sodium hypochlorite
3 %, chlorhexidine 2 % were used for comparative assessment of
irrigation quality by staining with Indian Ink dye.

Results. When using an endodontic needle and passive irrigation
with the studied irrigation solutions, the dye remained on the inner
surfaces of the root canal walls, which indicated their insufficient
cleaning. The use of auxiliary cleaning methods - sound and ultrasonic
irrigation nozzles - showed better cleaning of the root canal resorption
zone. When using the sound activation of the irrigator with the
EndoActivator device, the dye partially remained in the simulated
resorption zone, while a significant part of the root canal system was
cleaned. The use of ultrasonic activation of the irrigator with the P5 XS
device showed that all dye-stained root canals of the samples were
cleaned. Zones of simulated root resorption did not show any dye
residues visually and under electron microscope control.

Conclusions. The quality of root canal cleaning in case of intra-root
resorption in terms of visual assessment of their transparency and under
the control of an electron microscope was more pronounced when using
methods of activating irrigation solutions with sound and ultrasonic
activators.

625


https://orcid.org/0000-0003-3993-636X
http://orcid.org/0000-0002-7718-4616

Eastern Ukrainian Medical Journal. 2024;12(3):625-631

Keywords. Tooth root; Intra-root resorption; Root canal; Irrigation

and activation of antiseptic solutions.

Corresponding author: Dmytro Dobrovolskyi, Department of Paediatric Dentistry, lvan Horbachevsky Ternopil
National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

E-mail: dobrovolskyi dv@tdmu.edu.ua
phone: +38(097)1870245

PE3IOME
JAmutpo J106poBoJbcbKIii
https://orcid.org/0000-0003-3993-636X
AcmipaHT Kad). TUTS40T CTOMATOJIOT],
TepHOMITBCHKUN HALIIOHATHHUN
MenuuHui yHiBepcuTeT imeHi [.51.
T'opbauescrkoro MO3 Vkpainu,
M. Teprominb, Ykpaina

Harans I'eBkajiiok
http://orcid.org/0000-0002-7718-4616
Jloktop Men. Hayk, mpodecop, Kapenpu
JIIATAY01 CTOMATOJIOTI,

TepHOMIBCHKUN HALlIOHATHHUN
MenuuHui yHiBepcuteT imeHi [.51.
I'op6auesceroro MO3 Ykpainu,
M. Teprominb, Ykpaina

TMOPIBHSUIBHA OIIIHKA SAKOCTI IPUTAIII KAHAJIB
3YBIB I3 EKCIIEPUMEHTAJIBHOIO BHYTPIINIHBO-
KOPEHEBOIO PE3OPBII€IO IN VITRO

Beryn. Ha chorozHimHii eHb BHYTPIIIHBO-KOPEHEBA Pe30pOLis
3y0iB BHBUYEHa HEIOCTATHHO, XOYa B CTOMATOJIOTIYHUX KIiHIKax 3 HEIO
YaCTO CTUKAIOTHCSL.

e mocmimkeHHs Oyno cupsMOBaHE Ha OINHKY Ta IOPiBHSIHHSA
PI3HHX METOINIB ipHraIii Ta akTHBaIii aHTUCENITUYHUX PO3UYMHIB, SIKi
BHKOPUCTOBYIOTBCS M1 OOpOOKM KOpEeHeBHX KaHalmiB 3y0iB, Ta
aKIEHTYBaTH yBary Ha OYHCTII 30HM IMITOBaHOI HAMH BHYTPIIITHBO-
KOpeHeBOi pe30oporrii.

Metoan. Byno Bukopucrano 24 excTUpNOBaHHX 3yOiB, Y SIKHX
pe3opOiii
NpenapyBaHHs BHYTPINIHBOI YacTMHM KOPEHEBOTO KaHAly IiJ

iMITaIlif0  BHYTPIIIHBO] BIZITBOPIOBAIM  LIISIXOM
KOHTpOJIeM eJieKTpoHHOro Mikpockomna «Karl Kaps, Himeuuuna». J{ist
MOPIBHSUIBHOT OLIIHKH SIKOCTI ipuranii niisixom 3a0apBieHHsS 0apBHUKOM
«Indian Ink» Oymno 3acTocOBaHO AUCTUILOBAHY BOAY, TiIOXJIOPHUT
Hatpiro 5,25 %, rinoxaoput Hatpiro 3 %, xmoprekcunut 2 %.

Pesyabratu. Ilpu BuKOpHCTaHHI E€HIOJOHTHYHOI TOJKH Ta
MACWBHOI  ipUTamii JOCHi/KYBaHUMH IPHTAliIHHUMH  PO3YUHAMU
OapBHUK 3aJIMIIABCS HA BHYTPIIIHIX ITIOBEPXHSX CTIHOK KOPEHEBHX
KaHaJiB, 1[0 CBIJUUJIO TPO HEJOCTATHIO iX OYMCTKY. BukopucraHHs
JIOTIOMDDKHUX METOIB OUYMCTKHU - 3ByKOBHX Ta yJIbTPa3ByKOBHUX HACaJOK
Juisi ipuramii mokaszajgu OULIbII SIKICHY OYHMCTKY 30HHM pe3opOuii
KopeHeBoro kanany. [Ipu BHKOpHCTaHI 3BYKOBOi aKTWBalii ipuraHra
npwiagom EndoActivator GapBHHK YacTKOBO 3ajMIIaBCsS B 30HI
iMiTOBaHOI pe3opOIIii, TpU FOMY 3HAYHA YACTHHA CHCTEMH KOPECHEBHUX
KaHaliB Oyjia OYMIIEHOI0. BUKOpHCTAaHHS yIbTPa3BYKOBOI aKTHBaLii
ipuranta mpmiagom P5 XS mokasano, mo Bci 3abapBieHi OapBHHKOM
KOpEHEeBi KaHalM 3pa3KiB OyJHM OYMIICHI. 30HH IMITOBaHOI KOpPEHEBOI
pe3opO1ii Bi3yaabHO Ta MiJ KOHTPOJIEM EIIEKTPOHHOTO MIKpPOCKOIa HE
BUSIBUJIM 3QJIMILIKIB OapBHUKA.

BucHoBKH. SIKICTh OYMCTKH KOPEHEBUX KaHAIIIB IPU BHYTPIIIHBO-
KOpEeHeBiil pe30opOILii 3a MOKa3HUKAMHU Bi3yaJIbHOI OI[IHKH IX MPO30POCTi
Ta TiJ KOHTPOJIEM €JeKTPOHHOTO MiKpocKoma Oyiia Okl BHUpakeHa
IIpU BUKOPUCTAHHI CIOCOOIB aKTWBAIii IpWUTAllifHUX PO3YMHIB
3BYKOBHUMH Ta yJIbTPa3ByKOBUMH aKTHBATOPAMH.
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INTRODUCTION / BCTYII

One of the pathological conditions that are often
encountered in the clinic of therapeutic dentistry, but
are currently poorly understood, is intra-root teeth
resorption [1, 2]. According to the theory of the
American Association of Endodontists, resorption is
defined as a condition associated with a pathological
process occurring within dentin, cement or bone tissue
[3]. It is known that internal “pulpal” resorption is the
destruction of intra-root dentin and dentinal tubes
along the inner walls of the root canal [4, 5, 6].

To date, most clinical and experimental studies [7]
are focused on external tooth root resorption, while
internal hard tissue resorption is no less of a problem
for the practicing dentist. Insufficient attention to the
problem of internal root resorption often leads to
diagnostic errors and complications that reduce the
quality of treatment, and its results are often
ineffective and do not meet the patient’s expectations.
Today, there is no doubt that in order to avoid
diagnostic errors and to improve the quality of
endodontic treatment of teeth, affected by internal
resorptive process, thorough cleaning of the root canal
with antiseptic solutions and auxiliary endodontic
devices should be performed before the root canal
filling stage.

Insufficient attention to the problem associated

with the medical treatment of root canals with intra-
root resorption serves as the basis for this study.

Therefore, the purpose of this study is to evaluate
and compare different methods of irrigation and
activation of antiseptic solutions used for root canal
treatment, and to focus on cleaning the area of
simulated intra-root resorption.

Materials and Methods. To achieve the goal of
comparing the types of medical treatment, identifying
the most effective methods of root canal irrigation and
areas simulating intra-root resorption, 24 extruded
third molars were used in the study, which were
removed according to indications. The simulation of
internal resorption was reproduced by preparing the
inner part of the root canal with a thin carbide
endodontic bur under the control of an electron
microscope (Karl Kaps, Germany). The access cavity
was dissected using a spherical diamond bur and a
high-speed handpiece, and the root canal mouth was
searched for using an electron microscope. Root canals
were passed with a 10-size K-file. In the largest root
canals in terms of size and diameter, the inner part of
the canal was prepared with elongated carbide
endodontic burs, artificially simulating intra-root

resorption. Control of the size and extent of the
simulated intra- root resorption was performed using
targeted X-ray images (Fig. 1).

Figure 1 — Estimation of the magnitude and extent of simulated intra-root resorption on targeted X-ray images

At the next stage, the hard tissues of the teeth were
cleaned, namely, their decalcification (Clering
technique) and stained with Indian Ink [8]. For the
study using the Clering technique, the teeth were
cleaned of surrounding tissues and blood. In order to
achieve high-quality cleaning of pulp tissue residues,
the samples were stored in a 5.25% sodium
hypochlorite solution for 48 hours at room temperature

(37°C), thereafter the samples were rinsed in running
water for 4 hours to remove the remaining sodium
hypochlorite. The samples were decalcified with a 5%
nitric acid solution, keeping them in the acid for 2-3
hours at room temperature to achieve demineralisation.
Solution was stirred 3-4 times per hour and replaced
with a fresh one. After decalcification, the teeth were
rinsed in running water for four hours to remove traces
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of nitric acid. The process of dehydration was carried
out by a series of rinses with ethyl alcohol, starting
with 80% solution for 8 hours, then 90% solution for
an hour and rinsing in 100% ethyl alcohol for an hour.

Results. We have found that after teeth
decalcification and dehydration, the transparency of
their tissues was achieved, as the process of creating
transparent teeth involves a number of physical and
chemical changes. The inorganic components of a
tooth are dissolved by decalcification and then
removed by dehydration. Subsequent immersion in the
cleaner makes the tooth transparent, changing its

refractive index (Fig. 2).
\!
J

Figure 2 — The result of obtaining a transparent
tooth after immersion in the cleaner (Clering technique)

It should be noted that as soon as the transparent
tooth was removed from the cleaning agent, the
solvent evaporated and air and moisture were
reintroduced into the tooth, resulting in a change in the
sample opacity (Fig. 3). We timed the period required
for the tooth to become transparent in the cleaning
agent. It was found that this time is directly
proportional to the time required for the sample to
become cloudy when it is outside the cleaning agent.

We used transparent tooth model obtained after the
cleaning technique to obtain information about the
morphology of root canals, root canal instrumentation
techniques, and control of canal cleaning with various
irrigants and instruments. The technique of teeth
cleaning is quite informative, easy to use and does not
require special equipment. We completed all the
preparation procedures within 5-7 days, which allowed
us to clearly see the small structural details of the root
canals. The next stage of the study of the internal
structure and anatomy of the tooth was injection of a
dye into the root canal, the dye Indian Ink was used. It

was injected into the pulp chamber of the tooth using
an endodontic needle No. 27. Then the dye was
extracted through the canal system by applying
negative pressure through the apical part of the tooth
using an aspiration system. The appearance of the dye
at the top of the tooth root indicated the end of the
process. Excess dye was removed from the tooth
surface with a gauze swab soaked in 100% ethyl
alcohol. For complete cleaning, teeth were placed in
methyl salicylate, which makes them transparent after
two days, and kept in the solution until the study. The
cleaned and stained tooth samples are shown in Figure
4. Studies of the quality of irrigation were carried out
in those dye-stained canals where intra-root resorption
of the tooth was previously simulated.

The tested samples were mounted on a
negatoscope, and the quality of cleaning was compared
visually using a dental microscope (Karl Kaps). For
the comparative evaluation of the quality of irrigation,
we used four types of solutions: distilled water,
sodium hypochlorite 5.25%, sodium hypochlorite 3%,
and chlorhexidine 2%. Irrigation treatment of root
canals was carried out for 2 minutes. To study the
effectiveness of the methods of activating the
irrigation solution, the following methods were used in
the study: irrigation using an endodontic needle No.
27, the method of sound activation with the
EndoActivator device (Dentsply-Maillefer,
Switzerland), passive ultrasonic activation using an
ultrasonic scaler P5 XS (Acteon Group/Satelec,
France) and an IRR 25/21Acteon/Setelec nozzle. The
power level of the ultrasonic scaler was set at 10 out of
20. Activation of the irrigation solution in the drug
channel was carried out for 2 minutes.

Figure 3 — Changes in transparency - cloudiness of
the tooth sample outside the cleaning agent
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Figure 4 — Cleaned and dye-stained tooth samples “Indian Ink” for further evaluation of irrigation quality

The results of the comparative evaluation showed
that the method of solution activation affects the
effectiveness of root canal irrigation. Visually, the
colour of the root canals of teeth on the verge of
simulated resorption did not change significantly when
using an endodontic needle and all the studied irrigation
solutions. At the same time, when using auxiliary
cleaning methods - sound and ultrasonic irrigation
nozzles - a better cleaning of the root canal resorption
zone was shown.

Analysing the quality indicators of root canal
cleaning obtained by us, we found that when using an
endodontic needle and passive irrigation, the dye
remained on the inner surfaces of the root canal walls,
which indicated insufficient cleaning (Fig. 5).

When using the sound activation of the irrigator with
the EndoActivator device, the dye partially remained in
the simulated resorption zone, while a significant part of
the root canal system was cleaned (Fig. 6).

Figure 5 — Dye residues “Indian Ink” on the inner
surface of root canals

Figure 6 — Partial dye retention “Indian Ink™ in the
simulated resorption zone

Evaluating the effectiveness of irrigation of the
simulated intra-root resorption zone, we found that the
use of ultrasonic activation of the irrigator with the P5
XS device showed the best results. All the dye-stained
root canals of the samples, without exception, were
cleaned, zones of simulated root resorption visually
under the control of an electron microscope did not
show any dye residues (Fig. 7).

Therefore, taking into account the above results, root
canal cleaning with the help of auxiliary instruments
that help in the improved irrigation of various solutions
did not affect their thickness end density. Out of the 24
teeth studied, the result was positive in those canals
where the cleaning was performed using sound and
ultrasonic cleaning methods. In our opinion, the effect
of using 5.25% sodium hypochlorite with a combination
of ultrasonic cleaning gave the best visual result, which
was manifested by transparency of the place of our
simulated intra-root resorption under the influence of
magnification with a clinical microscope (Karl Kaps).
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Figure 7 — Root canals and simulated root
resorption zones are completely free of dye “Indian Ink”

Discussion. It is known that the key to successful
endodontic treatment is adequate antiseptic treatment of
the root canal. At the same time, dentists often face the
problem of high-quality mechanical, medical treatment
and irrigation of the canal affected by intra-root tooth
resorption, since resorptive bays create conditions for

CONCLUSIONS / BACHOBKHA

The quality of root canal cleaning during intra-root
resorption in terms of visual assessment of their
transparency and under the control of an electron
microscope was more pronounced when using methods

the accumulation of infected organic residues, dental
chips, etc.

We have established that after the completion of
decalcification and dehydration of teeth, transparency of
their tissues was achieved. The process of creating
transparent teeth involves a number of physical and
chemical changes. For the first time, the technique of
cleansing to obtain a transparent tooth was performed
by Okumura [9] for the histological study of internal
anatomy of calcified tissues. Subsequently, the method
was improved Tagger [10], and this technique was used
to study the morphology of the root canals of teeth
Robertson [11]. The inorganic components of the tooth
are first dissolved by decalcification, and then the fluid,
lipid components and gases are removed by
dehydration.

In our study, we compared the quality of drug
treatment of root canal areas simulating intra-root
resorption in vitro using different root canal irrigation
solutions and devices to improve their mechanical and
chemical cleaning. Based on our data, it can be
concluded that the quality of dye washout from the root
canal and the area of internal root resorption by any of
the studied irrigation solutions did not demonstrate
significant differences.

of activating irrigation solutions with sound and
ultrasonic activators. Our comparative assessment of the
quality of root canal irrigation with experimental intra-
root resorption in vitro will allow increasing the success
of endodontic treatment.

PROSPECTS FOR FUTURE RESEARCH / MEPCIHEKTUBH MMOJAJBIINX TOCJIIT)XEHb
They are in the studied effect and quality of root canal cleaning with intra-root resorption.
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