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Abstract. The issue of high-quality root canal treatment in deciduous and permanent teeth is currently highly relevant.
There is a huge variety of tools, devices, and medicines that can be used for working with the root canals. It is often
the case that in the dental market medical products of various quality characteristics are being offered for a certain
manipulation, leaving consumers face to face with a tough choice of what to buy to obtain good results. According to
the English-language literature review, evaluation of the technical characteristics of endodontic needles and the results
of their use in practice showed a rather large number of negative aspects, which outlines the need to find the ways of
endodontic needle refinement. Aim. This study aims to determine the optimal technical characteristics of endodontic
root needles and to develop a new design of the endodontic needle to be applied for the uniform irrigation of the root
canal delta with a minimum probability of damaging periapical tissues. Material and methods. Solid Works software
package was selected as the primary working tool because it allows to build a 3D model of biological and technical
models and offers the possibility to choose the material from the existing library or to create one’s own material. For
the accuracy and clarity of the calculations, a biological model of the tooth and two needle models (a prototype and a
modernized design) were built. Results and discussion. The result of the study is a new model of the endodontic root
needle, which assures uniform irrigation of the entire surface of the root canal with minimal probability of damage to
periodontal tissues. The technical solution was achieved by imparting to the design all the advantages of the analogues
whilst eliminating their disadvantages. Conclusion. The technical solution proposed in our work is the new model of the
endodontic needle, which enables uniform irrigation along the entire perimeter of the root canal surface and minimizes
the likelihood of damaging periapical tissues even when the needle is inserted into the root canal at a maximum depth.
Key words: root canal, periapical tissues, endodontic needle, drug treatment.

For reference: Kazakova LN, Tereshchuk OS, Nebogatikov RS, Kuligin AV, Suetenkov DE, Pichkhidze SYa. Computer
modeling as the main stage of endodontic root needle refinement. The Bulletin of Contemporary Clinical Medicine.
2021; 14 (1): 76-82. DOI: 10.20969/VSKM.2021.14(1).76-82.

KOMMNbIOTEPHOE MOAEJINPOBAHUE — OCHOBHOM 3TAN
YCOBEPLUEHCTBOBAHUA QHAOAOHTUYECKUX KOPHEBbIX U

KA3AKOBA JIAPUCA HUKOJIAEBHA, ORCID ID: 0000-0001-8060-1348; kaHa. Mes. Hayk, AOLEHT kagpeapsl
cTomarosioruy AeTckoro Bo3pacta v optogoHTin @Irb0Y BO «CapaToBCkuii rocyAapCTBEHHbIA MEANLMHCKUIA yHUBEPCUTET
um. B.U. PaszymoBckoro» MuHaapasa Poccum, Poccusi, 410012, Capartos, yn. b. Kasaubs, 112, e-mail: avkuligin@yandex.ru
TEPELLLYK OKCAHA CEPIFEEBHA, ORCID ID: 0000-0002-4917-797X; accucTeHT kacpeapbl HEOTI0XHOI aHeCTe3no10ro-
PeaHNMAaLMOHHOI MOMOLLM 1 CUMYNISILMOHHBIX TeXHonorvi B meanumHe @r50Y BO «CaparoBckuii rocyAapCTBEHHbIN
MeanUMHCKuI yHnBepcuteT um. B.U. Pasymosckoro» MuHsapasa Poccum, Poccus, 410012, Capatos, yn. b. Kasadbs, 112,
e-mail: kleo.ok@yandex.ru

HEBOrATUKOB POMAH CEPIrEEBUM, cTyneHT | kypca maructpatypbsl CapatoBCKOro rocyAapCTBEHHOr0 TEXHUYECKOro
yHuBepcuteTa um. KO.A. larapuHa, Poccus, Capatos, yn. lonntexHudeckas, 77, e-mail: nebogatikov.r.@gmail.com
KYJIUrH AJIEKCAHAP BAJIEPBEBUY, ORCID ID: 0000-0001-5705-215X; nokt. mea. Hayk, npogeccop, 3aB. kagenpori
HEOT/I0XHOM, aHECTE31OI0r0-PEeaHNMALMOHHOM MOMOLLUM Y CUMYNSILIMOHHBIX TEXHOIOrni B MeanumHe @Irb0Y BO «CapaToBckuii
rocyAapCTBEHHbI MEANLMHCKUIA yHuBepcuteT um. B.U. Pasymosckoro» MuHaapasa Poccum, Poccus, 410012, Caparos,

yn. b. Kazaubs, 112, e-mail: avkuligin@yandex.ru

0630Pbl BECTHWUK COBPEMEHHOW KJINHWYECKON MERWLNHBI 2021 Tom 14, Bbin. 1



CYETEHKOB AMUTPUIA EBFEHbEBUY, kaHz. Mes. Hayk, OLEHT, 3aB. kagenpoii CToMaTonorim AeTckoro Bo3pacta u
optonoHTum @rb0Y BO «CapaTtoBCkuii rocynapCTBEHHbIN MeANLIMHCKMIA yHuBepeuTeT um. B.U. Pasdymosckoro» MuHsapasa
Poccun, Poceus, 420012, Caparos, yn. b. Kasaybs, 112, e-mail: suetenkov@gmail.com

MUYXUL3E CEPFEU SIKOBJIEBUY, 1OKT. TeXH. Hayk, Mpopeccop Kadenps! MaTepuanoseneHus n GuomMeauLmHCKosi
nHxeHepuy CapaToBCKOro rocyaapCTBEHHOro TexHn4eckoro yrmsepcuteta um. K0.A. larapuvra, Poccus, Caparos,

yn. MonutexHudeckas, 77, e-mail: sergb761@yandex.ru

Pedbepar. [1o cerogHsALLIHEro AHA OCTaETCH aKTyanbHbIM BONPOC Ka4eCTBEHHON 00paboTKM KOPHEBbLIX KAHAMNOB B MOIOY-
HbIX 1 NOCTOSIHHBIX 3y6ax. [1ns paboTbl B KOPHEBBIX KaHanax npeanaraeTcs OrpoOMHbIN BbIGOP pasnmnyHbIX MHCTPYMEHTOB,
annapaTtoB, MegukamMeHTOB. YacTo Ha CTOMaTONOrMYeCKOM PbIHKE Afsi MPOBEAEHUSA OAHOM U TOW XXe MaHUMmynauum
npeanararoTcs pasfnuyHbIe No Ka4eCTBEHHbIM XapakTepucTukam n3aenmsa MeamumHCKOro HasHavyeHus, 1 notpeburenm
CTOSIT Nnepes BbIGOpoM, YTO NpuobpecTun Ans nonyyeHns xopollero pesynbsrata. OueHKka TEXHUYECKMUX XapaKTEPUCTMK
3HOOAOHTUYECKNX UM 1 pe3ynbTaToB UX UCMOMNb30BaHUS B NPaKTUKE NPY aHanuae aHrnos3blMHOM nuTepaTtypbl nokasana
[0CTaTOYHO OOMbLLOE KONMUYECTBO OTPULLATENBHBIX CTOPOH, YTO onpeaenset Heo6XxoaNMOCTb MOUCKA MY TN YCOBEPLLEH-
CTBOBaHMS 3HAOAOHTUYECKOM uMmbl. Ljenb uccnedoeaHusi — onpenenvTb ONTUMarbHbIE TEXHUYECKNE XapaKTePUCTUKN
9HAOAOHTUYECKNX KOPHEBBLIX UMM U pa3paboTaTb HOBYH KOHCTPYKLUMIO 3HAOAOHTUYECKOW WrMbl, obecneyvBatoLLen
paBHOMeEpPHOE OpOLLEeHWe AerbTbl KOPHEBOIO KaHana ¢ MUHUMarbHOW BEPOATHOCTLIO MOBPEXAEHUS NMepuanmKkanbHbIX
TkaHen. Mamepuan u memoOosi. NporpammHbl nakeT Solid Works 6bin BblbpaH B ka4ecTBe OCHOBHOro paboyero
WHCTPYMEHTA, MOCKONbKY OH MO3BOMAET MOCTPOUTL TPEXMEPHYIO MOAENb BUOMOrNYECcKUX 1 TEXHUYECKUX Modenen n
[aeT BO3MOXHOCTb BblbpaTb Matepuan 13 cyliecTBytoLen bubnmotekn unm cosgatb cobCTBEHHbIM MaTepuan. [Ans
TOYHOCTW U HArMSAAHOCTN pacyeToB BbINn NOCTPoeHbl Bronornyeckas mogdens 3yba 1 ABe MOAENMW UMbl (MPOTOTUM U
MOZEPHU3NPOBaHHasA KOHCTPYKUMS). Pe3dysibmambl u ux obcyxdeHue. Pe3ynstaToM MCCneaoBaHus crtana HoBasi
MoZernb 9HAOOOHTUYECKOM KOPHEBOW UMbl, 06ecrnevmnBartoLLen paBHOMEPHOE OpPOLLEHNE BCEW MOBEPXHOCTU KOPHEBOTO
KaHana ¢ MMHUMarbHOW BEPOSITHOCTHI0 MOBPEXAEHUS TKaHe NnapogoHTa. TexHUMYeckoe peLueHne JOCTUTHYTO 3a cHeT
nepefayu KOHCTPYKLIMK BCEX JOCTOMHCTB aHaroroB Npu yCTpaHEHUN UX HEAOCTATKOB. Bb1800bI. TEXHUYECKUM pesyrib-
TaToOM Haluen paboTbl cTana HoBasi MOAENb SHAOAOHTUYECKOM UMMbl, KOTOpas obecneyrBaeT paBHOMEPHOE OpOLLEHNEe
no BCeMY NepuMeTpy NOBEPXHOCTM KOPHEBOTO KaHana ¢ MMHUMU3aLumnen BePOSATHOCTU NMOBPEXAEHUS NepuanukanbHbIX
TKaHew gaxe npu MakcumarnbHou rnyouHe BBeAEHUS UMbl B KOPHEBOW KaHarn.

Knroyeebie crioga: KOPHEBOWN KaHar, nepuanukanbHble TKaHW, 3HAOAOHTUYEeCKas urna, MmegnkameHTosHas obpaborka.
Ans cebinku: KomnbloTepHoe MoaenMpoBaHnue — OCHOBHOW 3Tan YCOBEPLUEHCTBOBAHNUS 9HAOAOHTUYECKMX KOPHEBBIX
urn / O.C. Tepewyk, P.C. HeboraTtukos., A.B. Kynurux [n ap.] // BeCTHUK COBPEMEHHON KMMHUYECKOW MeaMLMHbI. —
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ntroduction. The questions of how to treat, with

what to treat, and how to re-treat root canals have
not lost their relevance to this day, despite the creation
of modern equipment, new materials, and existence of
written protocols for root canal treatment [1].

The main reason for this is the complex anatomy
of the root canals, the morphological and histological
features of the tissues which form this organ — all
this creates a number of difficulties inthe endodontic
treatment. The effectiveness of the treatment of pulpitis
and periodontitis is directly dependent on the sequence
of actions during the root canal treatment.

The first step is to carefully remove all infected tissue
from the root canal lumen under the antiseptic bath,
avoiding,if possible, pushing the contents behind the
apex. The second step is to mechanically remove the
infected tissue from the walls of the root canal using
endodontic instruments, upon the removal of which part
of the chip remains on the root canal walls and lumen.
The next stage is the drug treatment, with which the
root canal delta is cleaned of chips, microorganisms,
and the smeared layer [1-4].

For along time, the most common way of delivering
an antiseptic to the root canal during drug treatment
was to use a narrow gauze swab on a rigid base —
the root needles. Gauze swabs were administered
repeatedly and the choice of antiseptic depended
on the diagnosis. Nowadays, another method for the
delivery of antiseptics has gained popularity:delivery
via the endodontic root needles. It allows introducing
a significant amount of antiseptic into the root canal in
a short period of time. The range of needles available
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on the market is diverse, each needle has its own
parameters, they differ in length, diameter, appearance,
and the material of which they are made. Knowledge of
the methodology and acorrectly justified choice of the
instrument for the treatment of complicated caries affect
the treatment’s outcome [1, 5].

The relevance of research. The literature review
showed that there are two groups of endodontic needles
for manual irrigation: open-ended and closed-ended
needles. In the first group — the tip of the needle ends
with a hole, in the second group — it is blindly closed,
with the needle opening on the sides. Open-ended
endodontic needles can end with a flat, beveled, or
notched apical end, while closed-ended endodontic
needles can be side-vented, double side-vented
and multi-vented [5, 6]. Figure 1 shows the different
needles designs and their models used in the study by
Boutsioukis (2010) evaluating irrigant flow in the root
canal [6].

Open-ended needles, unlike closed-ended ones,
better wash the apical part of the root canal, but their
use leads to a rather high risk of injection of the solution
into the periapical tissues due to a strong increase in
pressure, whereas the blind needles have inversely
proportional properties. A beveled needle is the most
dangerous of its type because of the risk of injury and
jamming [7]. Later on, it was proposed to improve multi-
vented needles by creating a protrusion of 0,03 mm
height or a 0,04 mm deep dimple on their blind tip to
control the flow [8]. There are different opinions on the
effectiveness of the needles used: Boutsioukis et al. in
their studies on irrigation did not find any differences in
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Figure 1. Different needle designs for root canal irrigation: A — flat; B — beveled; C — notched; D — side-vented;
E — double side-vented; F — multi-vented

the effectiveness of side-vented and double side-vented
needles [9].

Khan et al., studying comparatively the operation
of needles in the root canals, reported that side-vented
needles were more effective than ordinary ones [7,
10, 11]. High-quality drug treatment of the root canal
depends on many factors, with a lot of attention paid
by the researchers to the depth of insertion of the
endodontic needle. Emel Uzunoglu-Ozyiirek, like most
researchers, considered 2 levels of insertion: 1 mm less
than the working length and 3 mm [7, 12]. An analysis
of their results shows that open-ended needles can be
inserted by 3 mm less than the working length, while
closed-ended ones — by 1 mm less than the working
length to increase the efficiency of treating the apical
third.

Of equal importance is the determination of the
adequate pressure for the creation of the optimal flow
rate during irrigation of the root canal walls and for the
active replacement of the antiseptic solution volume with
a new volume, without damaging the periapical tissues
[13]. Excessively high pressure can lead to the damage
of periodontal tissues not only by the «air bubble»,
formed near the apical foramen due to the surface
tension of the solution, but also by the subsequent
removal of the irrigant itself. The root canal irrigation is
based on Pascal’s law, according to which the pressure
equals the force divided by the surface area; the value
is not scalar. According to Boutsioukis research, many
factors influence the force exerted by doctors for
creating optimal pressure, including: the gender of the
doctor, work experience, type of canal, material from
which the syringe is made, diameter of the needle,
needle type. Therefore, one cannot speak of any exact
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universal value of pressure created in the cylinder of the
syringe. Most often, it is considered to be in the range
of 400-550 kPa. As a result, the irrigant flow rate is also
different [5]. A solution flow rate of >0,1 m/s was taken
as desired for the optimal tissue irrigation and solution
exchange in the canal. The rate of the flow coming out
of the holes in the needles decreases 5-10 times, which
affects the depth of the solution exchange from the tip
of the needle. The flow itself can mechanically clean
the walls of the root canals of a large area under the
pressure from the perforations of the needles or simply
from the filling of the canal with the irrigant. Studies have
shown a higher degree of cleaning from a direct hit of
the flow onto the canal walls under pressure than from
a simple filling [13, 14].

In addition to the speed, the direction of flow created
by using endodontic needles of various groups also
affects the depth of exchange. For open-ended needles,
the flow is directed towards the apex of the root, and
for closed-ended ones — towards the side of the walls.
The lateral flow direction allows a well mechanical
cleaning of the walls, while the apical direction provides
for a better exchange of the solution at a depth [10,
12]. In terms of the depth of exchange, flat, beveled,
and notched endodontic needles showed the best
performance, delivering a «new» solution to a depth
of 2,5 mm from the tip of the needle, while side-vented
and double side-vented needles showed a worse
result — up to 1,5 mm, and multi-vented needle — up to
1 mm. Based on these data, it becomes clear that open-
ended needles deliver the irrigant well to the depth,
but increase the risk of damage to periapical tissues.
Therefore, in order to prevent damage, it is better to use
a multi-vented needle [10, 12].
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In their study, Boutsioukis noted that the pressure
created by the flow of open-ended needles in the
apical third of the canal of size 30 and 2% taper was
on average about 400 kPa, while of closed-ended
needles — about 120 kPa. These values confirm the
danger of using open type needles [5, 6, 14].

O’Connel noted that manual irrigation leads to
satisfactory irrigation of the upper and middle parts of
the root canal, but not enough of the apical third. This is
due to the surface tension of the solution, which allows
for the formation of an «air bubble» [6, 14].

The detailed analysis of different types of irrigation
needles reveals their significant disadvantages, which
seriously affect the irrigation exchange in various parts
of root canals. Even if all requirements on injection depth
and piston pressure are observed it is not possible to
control the rate of antiseptic flow in the root canal and,
therefore, to guarantee an effective and safe method
of solutions’ delivery.

Research Goal. This study aims to determine the
optimal technical characteristics of endodontic root
needles and to develop a new design of the endodontic
needle which will provide for the uniform irrigation of the
root canal delta with a minimum probability of damaging
periapical tissues.

Data and Methods. Solid Works software package
was selected as the main working tool because it allows
to build a 3D model of biological and technical models
and offers the possibility to choose the material from the
existing library or to create one’s own material.

For the accuracy and clarity of the calculations, a
biological model of the tooth and two needle models
(a prototype and a modernized design) were built. The
analysis of the effectiveness of irrigation of the root
delta of the tooth and the likelihood of damage to the
periapical tissues was carried out in the Solid Works
Flow Simulation software supplement package.

Results and Discussion. The result of the study
is a new model of the endodontic root needle, which
provides uniform irrigation of the entire surface of
the root canal, with minimal probability of damage to
periodontal tissues [15].

The technical solution was achieved by imparting
to the design all the advantages of the analogues,

whilst eliminating their disadvantages. The design of
the endodontic needle contains holes: 1 hole on the
tip of the needle and 168 holes staggered on the side
surface of the needle. All holes have the same diameter
of 0,1 mm, which helps equalize the pressure and
reduce the speed of the central stream to the speed of
the peripheral flows. This ensures uniformirrigation and
minimizes the likelihood of damage to the alveolar bone.
The 3D model of the newly developed endodontic
needle model is illustrated on Figure 2. The main
function of the endodontic root needle is to deliver an
antiseptic to the root canal in a certain volume and to
process it well without damaging the periodontal tissue.
Considering all the possible parameters during the
antiseptic treatment — the rate of insertion, the depth of
insertion of the endodontic needle into the root canal,
the volume of the antiseptic, the shape and volume of
the root canal, — we analyzed the results of modeling
of the biological tooth model with a new needle. The
obtained results are shown on Figure 2 and in Table.

The calculations were carried out at the insertion of
the needle at 1/3, 2/3 and 3/3 of the depth of the root
canal, with a pressure on the liquid of 50 Pa. To compare
the results, identical calculations were carried out with
the well-known model with the introduction of a needle
1/3 of the length of the root canal.

Figure 3 presents the results of the analysis of
the effectiveness of root canal irrigation using various
needle models and their positions.

In Figure 3, the displayed models show the following:
a) a study of dentin irrigation using a known needle
model; b) an enlarged image of the apex in the study
of dentin irrigation; c) a study of irrigation of dentin
using the newly developed needle immersed by 1/3;
d) an enlarged image of the apex in the study of dentin
irrigation; e) a study of irrigation of dentin using the
newly developed needle immersed by 2/3; f) an enlarged
image of the apex in the study of dentin irrigation; g)
research of dentin irrigation using the newly developed
needle immersed by 3/3; h) an enlarged image of the
apex in the study of dentin irrigation.

The generalized results of the study are given in
Table.

Figure 2. Modernized endodontic needle: 1 — cannula; 2 — the body of the needle; 3 — side holes; 4 — hole on the tip
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Figure 3. Comparison of the hydrodynamic characteristics of a known and a modernized needle design

0630Pbl BECTHWUK COBPEMEHHOW KJIWHWYECKON MERWULNHBI 2021 Tom 14, Bbin. 1



The results of the analysis of effectiveness
of the well-known and the modernized needle models

Parameter Well-known model Modernized model Unit of analysis
Linear flow rate in the needle 7-8 6-7 mm/s
Linear flow rate in the root canal 5-6 3-4 mm/s
Irrigation angle of the irrigant (including all 45-60 360 degrees
needle openings)
Condition of periapical tissues Damaged Not damaged -

Analysis of the data in Table demonstrates the
benefits of the newly developed design of endodontic

needle.

10.

Conclusion. The technical solution as a result of our
work is a new model of the endodontic needle, which
provides uniform irrigation along the entire perimeter 4,
of the surface of the root canal while minimizing the
likelihood of damage to periapical tissues even with a
maximum depth of insertion of the needle into the root

canal.
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