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Bgedenue. [lo cerofHsALIHEro AHA OCTAETCA aKTyasbHbIM BOMPOC KayecTBEHHOW 06paboTKM KOPHEBbIX KaHanoB
(KK) B MonouHbIx M nocToAHHbIX 3ybax. CnoxkHble aHaToMuyeckve dopMbl KK, Hanuume OenbTOBMOHBIX OTBETBMEHMIA
3aTpyaHAT paboty. CoyeTaHne MexaHWYECKoM M MedMKaMeHTo3HoW 06paboTku KK no3sonset fobuTbeA CTepUbHOCTM
MonocTy 3yba, YTo 04EHb BaKHO, 0COBEHHO NPU Pa3BUTUM XPOHUYECKUX NepuodoHTMTOB. 0HaKo, 406UBaAC CTEPUNBHOCTH
npu MefuKaMeHTO3HOW 06paboTKe, BpauM CTANKUBAIOTCA C HOBOW NMPO6IEMON — KaK M3beaTb NOBPEAEHWA TKaHew
MepMOAOHTa aHTUCENTUKOM MPU PACKPbITOM anuKanbHOM OTBEPCTUM. TEXHUYECKMEe XapaKTePUCTUKU 3HLOOOOHTUYECKMX
Wrn, NpeanaraeMblX AN UCMONb30BaHWA HA 3TOM 3Tane, He MO3BOAAIOT PELUMTb 3Ty NpobneMy C BbICOKOW CTEMeHbio
a¢pexTMBHOCTM. bBonbluoe KonWM4ecTBO  OTpMUATENbHBIX  CTOPOH, OMpedenAlT HeobXoAMMOCTb MOMCKa  NyTen
YCOBEPLUEHCTBOBAHMA KOHCTPYKLMM SHOOLOHTUYECKOM UMbl

Llens. OnpenenuTb ONTUMarnbHble TEXHUYECKUE XapaKTEPUCTUKU SHOOLOHTUYECKMX KOPHEBBIX UM M pa3spaboTatb
HOBYI0 KOHCTPYKLMIO 3HOOLOHTUYECKOM Mrbl, obecneynBaloLLeii paBHOMepHoe opollenue fenbTbl KK ¢ MUHMManbHoM
BEPOATHOCTbIO MOBPEXAEHUA NepUanmKanbHbIX TKaHEeN.

Mamepuaner u Memodel. AHanu3 nokasatenen, BAMAKLWMX Ha KayecTBo ouvweHna KK mpu npoekTMpoBaHum
3HA0AOHTUYECKOW UMbl C HEOHXOAMMBIMU TEXHUYECKUMU XapaKTepucTUKamu npoBoamncaA B nporpamme Solid Works 16.
KomnbloTepHoe MofenvpoBaHue 6ronornyeckon Mogenum 3yba ¢ HoBoW Mrnon nposogmnock B nporpamme Solid Works
Flow Simulation.

Pesynemamel. [lpeanoxeHo ycoBepLUEHCTBOBATb 3SHAOAOHTUYECKYIO KOPHEBYID Wrjly MeTOLOM KOMMbIOTEPHOr0
MOZENMpoBaHUA. TeXHUYeCKUM pe3yfbTaT AOCTUrHYT 3a CYeT MPUOAHWMA KOHCTPYKLMM BCEX MOMOMUTENbHBIX CTOPOH
aHanoro., YCTpaHAA HeJocTaTKW. KOHCTPYKUMA SHOOOOHTMYECKON UMbl COQEPHUT OTBEPCTUA: 1 OTBEPCTME Ha KOHUMKe
urnbl 1 168 0TBEpCTMM, PacronOKeHHbIX B LIAXMaTHOM NopAgKe Ha 6OKoBOWM MoBepxHOCTU Wrnbl. Bce oTBepcTvA uMeloT
0[IMHaKOBbIN AuaMeTp, paBHbiM 0,1 MM, 4TO NO3BONAET BLIPOBHATL [ABNEHWE U CHU3WUTb CKOPOCTb LLEHTPabHOMO MOTOKA
[0 CKOpOCTU MepudepuiHbIX MOTOKOB, YTO 06ecreyMBaeT PaBHOMEPHOE OpOLUEHME U MUHUMMU3ALMIO BEPOATHOCTM
MoBpeXaeHNA anbBeoAPHOro 0TPOCTKA.

3aknmoyenue. HoBaa Mofenb SHOOAOHTMYECKOM UMb, MMetowwan 1 oTBepcTve Ha KOHUMKe urnbl u 168 otBepcTun,
PpacrosnioXKeHHbIX B LIAXMaTHOM NopAfKe Ha 60KOBOW MOBEPXHOCTM, obecneuvBaeT paBHOMEPHOE OPOLLEHWE MOBEPXHOCTH
KOPHEBOr0 KaHana rmo BCEMY MEpUMETPY C MUHWUMANbHOM BEPOATHOCTHIO MOBPEHOEHWA NepuanmKanbHbIX TKaHeW Oare
npy MakcuManbHow rny6uHe BeegeHuaA urnbl B KK.
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of Root Needle Research
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Razumovsky Saratov State Medical University, Saratov, Russian Federation

ABSTRACT

INTRODUCTION: At present, the issue of high—quality processing of the root canal (RC) of the deciduous and permanent
teeth remains important. However, the procedure is hindered by the complex anatomical shape of the RC and a presence of
deltoid branches. A combination of the mechanical and drug treatment of the RC allows achieving the sterility of the tooth
cavity, which is very important in the development of chronic periodontitis. However, to achieve sterility during drug treatment,
dentists face a new problem of how to avoid damage to periodontal tissues using an antiseptic agent with the apical foramen
opened. The technical characteristics of endodontic needles available for use at this stage failed to effectively solve this
problem. Thus, the multitude of issues substantiates the need to improve the design of endodontic needles.

AIM: To determine the optimal technical characteristics of endodontic root needles and to develop a new design of an
endodontic needle that allows uniform irrigation of the RC delta with minimal probability of damaging the periapical tissues.

MATERIALS AND METHODS: In designing an endodontic needle with the required technical characteristics, parameters
that influence the quality of cleaning the RC were analyzed in SolidWorks 16 program. Computer modeling of the biological
tooth model was implemented in SolidWorks Flow Simulation program.

RESULTS: Computer modeling was used to improve the endodontic root needle. Technical results were achieved by
incorporating in the design all the positive aspects of analogs and eliminating the disadvantages. The designed endodontic
needle contained 1 hole on the tip and 168 holes arranged in a checker—wise manner on the lateral surface. All holes have the
same diameter of 0.1 mm, which evens out the pressure, reduces the central flow rate to the rate of peripheral flows, ensures
uniform irrigation, and minimizes the likelihood of damage to the alveolar process.

CONCLUSION: A new model of an endodontic needle with one hole on the tip and 168 holes arranged in a checker—wise
manner on the lateral surface ensures uniform irrigation of the RC surface and the entire perimeter with minimal likelihood of
damaging periapical tissues even with the maximal depth of insertion of the needle into the RC.
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LIST OF ABBREVIATIONS

RC — root canal
ENDN — endodontic needles

INTRODUCTION

How to treat a root canal (RC), with what to treat it,
and how to retreat it? These questions have not lost their
significance to this day despite the development of novel
equipment and materials and protocols for the treatment
of the RC [1]. The main reason is the complex anatomy of
RC and the histological peculiarities of tissues forming this
organ. The effectiveness of the treatment of pulpitis and
periodontitis directly depends on the sequence of actions
when treating RC. In the first stage, the infected tissues are
carefully removed from the RC lumen under an antiseptic
bath, avoiding the pushing of the contents beyond the apex.
The second stage is the mechanical removal of the infected
tissue from the walls of RC using endodontic instruments.
Here, a part of the material remains on the walls and in the
lumen of RC. The next stage is cleaning the RC delta from
chips, microorganisms, and smear layer [2-4].

For a long time, the most common way to deliver an
antiseptic agent into the RC was using a narrow cotton swab
on a hard basis (root needles). The swabs were inserted
repeatedly, and the choice of an antiseptic depended on
the diagnosis. Nowadays, another method to deliver the
antiseptic has come into practice: the endodontic root
needles. This introduces a significant amount of antiseptic
in RC within a short period of time.

The range of endodontic needles (ENDN) on the market
is diverse. Needles have different lengths, diameters, and
designs and are made of different materials. The method
and the instrument used for treating complicated caries
will determine the result of treatment [1, 5].

Tom 30, N2 1, 2022

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
yMeHn akagemuka W1 [1asnosa

This study aimed to determine the optimal technical
characteristics of endodontic root needles and to design
a novel ENDN structure that provides uniform irrigation
of the RC delta with minimal probability of damaging the
periapical tissues.

MATERIALS AND METHODS

The parameters influencing the quality of cleaning the
RC were analyzed to design the ENDN according to the
required technical characteristics using Solid Works 16
Program. A computer modeling of the biological model of
the tooth and a novel needle was created using SolidWorks
Flow Simulation Program.

RESULTS

The technical result was achieved through
implementing all the positive aspects of analogs and
eliminating disadvantages in the design. The ENDN
structure has several holes: one at the tip of the needle and
168 holes arranged in a checkerwise pattern on the lateral
surface of the needle. All holes have the same diameter
of 0.1 mm, which equalizes the pressure and reduces the
rate of the central flow to the rate of peripheral flows. This
ensures uniform irrigation and minimizes the likelihood of
damage to the alveolar process.

The principal structure of the developed ENDN model
for the antiseptic treatment of the RC is demonstrated in
Figures 1 and 2.

Fig. 1. Modernized endodontic needle: (1) cannula; (2) needle
body; (3) side holes; (4) apical hole.

The main function of ENDN is to deliver a certain
volume of an antiseptic drug into RC for qualitative
treatment without damaging the periodontium.
Considering all possible parameters of antiseptic

DOl https://doi.org/10.17816/PAVLOVJ66803

Fig. 2. 3D model of the needle with the precise location of
holes: (3) side holes and (4) apical hole; front view.

treatment of RC (the rate of introduction of the drug, the
depth of insertion of the ENDN into RC, the amount of the
drug, and the shape and volume of RC), we compared
the results of a novel ENDN and the existing variants of

97



98

ORIGINAL STUDY ARTICLES

root needles using a biological model of a tooth created
in the SolidWorks Flow Simulation Program (Table 1).
When an endodontic root needle is inserted to 1/3 of the
length of RC, with a medium and maximum flow rate of 5
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mm/s and 9 mm/s, the penetration depth of the solution
beyond the apical opening of the tooth is 0 mm (high
efficiency), but the irrigation density of the lower third
of the RC is minimal.

Table 1. Results of comparing the effectiveness of known and modernized model of needle based on a biological model of tooth

created using SolidWorks Flow Simulation Program

Parameters Known model Modernized model
Linear flow rate in the needle, mm/sec 7-8 6-7
Linear flow rate in the root canal, mm/sec 5-6 3-4
Irrigation angle (with all holes taken into account), ° 45-60 360
Condition of periapical tissues Damaged Not damaged

When inserting an ENDN to 2/3 of the length of the RC
with a medium and maximal flow rate of 5 and 9 mm/s,
the depth of penetration of the solution beyond the apical
opening of the tooth is 0 mm (high effectiveness), but the
irrigation density of the lower third of the RC is medium.
when inserting an ENDN into the RC 3 mm short of the
physiological hole with a medium and maximal flow rate
of 5 and 9 mm/s, the depth of penetration of the solution
beyond the apical hole of tooth is 0 mm (high effectiveness),
and the density of irrigation of the lower third of the RC is
high. Table 1 shows the advantage of the developed ENDN.

DISCUSSION

The analysis of the literature showed that ENDN used
for manual irrigation are classified into two groups: open
and closed. In open ENDN, the tip ends with a hole, while
closed ENDN are blindly closed, and the holes are located
on the side surfaces. Open-type needles end with flat,
beveled, or serrated apical end. Closed needles come in
single-side, double-side, and multivented versions [5, 6].

Open needles, unlike closed ones, better irrigate the
apical part of RC, but their use is associated with a rather
high risk of the solution getting into the periapical tissues
due to a strong increase in pressure, and blind needles have
inverse properties. A beveled needle is the most dangerous
because of the risk of injury and jamming. Besides, it has
recently been proposed to improve the function of the
multivented needles by creating a 0.03 mm high protrusion
on their blind tip or a 0.04 mm deep dimple to control the
flow. There are different opinions related to the effectiveness
of the needles used: several authors found no significant
differences in the effectiveness of single-side and double-
side vented ENDN [6-8]. Others reported greater efficiency
of single-side vented ENDN [7, 9-11].

A high-quality medical treatment of RC depends
on many factors. Much attention is given to the depth of
introduction of the needle. E. Uzunoglu-Ozyiirek et al. (2018),
as most researchers, consider two levels of introduction: 1
mm and 3 mm short of the working length [12]. Analysis of
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their results shows that open needles can be introduced 3
mm short of the working length and the closed ones can be
introduced 1 mm short of the working length to increase the
efficiency of treatment of the apical third.

It is equally important to determine an adequate
pressure to create an optimal flow rate when irrigating
the walls of the RC and actively replace the volume of the
antiseptic solution with a new volume, without damaging
the periapical tissues [13, 14]. Excessively high pressure
can lead to damage to periodontal tissues not only by an
“air bubble” formed near the apical opening due to the
surface tension of the solution, but also by the subsequent
removal of the irrigant. Calculating the irrigation pressure
is based on Pascal law, according to which the pressure
equals the ratio of force to surface area. According to
investigations by C. Boutsioukis, et al., the force applied
by doctors to create the optimal pressure was determined
by many factors: the gender of the doctor, the working
experience, the type of canal, the material of the syringe,
and the diameter of the needle and its type. Therefore, it
is impossible to determine an exact universal value of the
pressure created in the cylinder of the syringe. Most often,
it is in the range of 400-550 kPa, and as a result, the flow
rate of an irrigant is also different [5, 15]. A solution flow
rate of more than 0.1 m/s was accepted as desirable for
optimal tissue irrigation and replacement of the solution in
the canal. The rate of flow coming out of the holes in the
needles decreases 5-10 times, which affects the depth of
replacement of the solution from the tip of the needle. The
flow can mechanically clean the walls of a large area of
RC due to the pressure from the holes or simply by filling
the canal with an irrigant. The studies have shown a better
degree of cleaning when the flow directly hit the canal walls
under pressure compared with simple filling [6, 13, 16, 17].

Besides the flow rate, another factor that influences
the depth of solution replacement is the direction of flow
created in different types of ENDN. In the open needles,
the flow is directed toward the apex of the root, and in
closed ones, toward the walls. The lateral direction of the
flow provides a good mechanical cleaning of the walls, and
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the apical direction provides better solution replacement at
depth [6, 15]. As to the depth of solution replacement, the
best parameters were demonstrated using flat, beveled,
and serrated ENDN, delivering the “new” solution to the
depth of 2.5 mm from the tip of the needle, while single-
side vented and two-side vented needles reached a less
depth up to 1.5 mm and multivented needle, up to 1T mm.
Based on the previously mentioned data, it becomes clear
that open needles well deliver the irrigant to the needed
depth but have an increased risk of damage to periapical
tissues. Therefore, to prevent damage, multivented needles
should be used [6, 15].

C. Boutsioukis et al. noted in their study of ENDN that
the pressure created using a flow of size 30 and taper
2% open needles in the apical third of the canal was on
average about 400 kPa, while closed needles created a
pressure of about 120 kPa [5,15]. These values confirm the
danger of using open-type needles [5,15,16]. The manual
irrigation provides sufficient treatment of the upper and
middle part of RC, but insufficient for the apical third. This
is because of the surface tension of the solution, which
forms an air bubble.

Based on the results of the analysis of positive and
negative aspects of ENDN, we proposed to computer-model
ENDN while considering all parameters that influence the
quality of cleaning the RC. The analysis helped design a
root needle with the required technical characteristics
[18-20].
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CONCLUSION

A novel model of the ENDN with one apical hole
and 168 holes arranged in checkerwise order on the side
surface provides a uniform irrigation of the surface of the
RC along the entire perimeter with a minimal probability of
damaging the periapical tissues, even with the insertion of
the needle to the maximal depth.
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