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COMPARISON OF THE METHOD OF ELECTROMETRIC DETERMINATION
OF ROOT CANAL PARAMETERS AND THE METHOD
OF THRESHOLD SEGMENTATION OF RADIOGRAPHS

The subject matter of the article is X-ray images of teeth during endodontic operations. The goal of the work is to compare
the developed method of segmentation of the radiograph to determine the length of the root canal with the electrometric
and mathematical methods in practice. The article uses the following methods: principles of endodontic preparation of teeth;
methods of determining the working length of the root canal (radiological, electrometric); threshold segmentation method; method
of segmentation of bone structures on tomographic images. The following results were obtained: the existing methods of
determining the working length of the root canal were analyzed, the main advantages and disadvantages of each method
were highlighted. The mathematical method is fast, but inaccurate and can only serve as a preliminary estimate. Electrometric is the
most accurate, but has very strict requirements for measurement in the area of canal moisture, as well as invasiveness of the method
has a number of disadvantages. Radiological is the most promising for research because of its painlessness to the patient,
low radiation dose during intraoral radiography and the possibility of using image processing algorithms to refine the measurement
results. This work formulated principles for segmentation and extraction of tooth contours on the X-ray image to determine working
length and conducted practical studies to compare all methods of analysis. Conclusions. The application of the electrometric length
determination method gives the most accurate result, but the segmentation of the radiograph allows the doctor to obtain additional
information about the architectonics of the root canal. As well as the possibility of using image processing such as segmentation,
contour extraction and automatic determination of the apical constriction zone make this method the most perspective. The most

optimal is the combination of these two methods in practice, which requires additional research.
Keywords: root canal; radiograph; threshold method; segmentation.

Introduction

For root canal treatment, endodontists need to
accurately determine the working length of the root canal.
This is an extremely important parameter that affects the
choice of necessary instruments, surgical techniques and
postoperative condition of the patient. Working length is
the distance from the external landmark on the crown
of the tooth to the zone of apical constriction (narrowing).
If the instrument goes beyond the working length, or
incomplete filling, these are dangerous situations that
lead to complications in the form of post-filling pain, the
development of inflammatory and destructive changes
in the periodontium, etc.

Among the methods used in medical practice are
mathematical (determination of the length, according
to tables with average indicators), electrometric
(determination of the length using an apex locator) and
radiological (using an intraoral X-ray). Analyzing the
methods used on the basis of existing publications [1, 2]
and their comparative characteristics [3, 4] — it can be
concluded that the radiological method of research is less
accurate. Due to the non-invasive nature of the method
and the development of technologies and equipment,

in particular intraoral visiographs — this area is becoming
necessary for the study of new means of improvement.

The goal of the article is a practical comparison of
mathematical, electrometric and radiological methods of
searching for the apical construction zone. A key feature
of the study is the use of segmentation of the radiological
image. This makes it possible to exclude the possibility
of a doctor's error in the analysis of the image.

For the electrometric determination of the working
length of the root canal, devices are used that determine
the impedance using the ratio method and alternating
currents of different frequencies. This way it is possible
to localize the apical narrowing. This measurement is
reliable and stable, but there are cases of differences
when working in too wet canals, so sometimes doctors
have to dry them. This provides smooth visualization
of all processes of the instrument passing in the canal
and high accuracy of determining the location of the
physiological apex of the root. Nevertheless, visualization
in apex locators is only sound, that is, the doctor can get
to know the location indirectly. Algorithms of modern
electrometric determination of the working length do not
combine the data obtained from the radiograph, do not
have an extension. Therefore, the development of new
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methods and techniques for displaying electrometric data
on the radiograph for a more accurate locating of the
physiological apex of the root is very important.

Intraoral X-ray is a non-invasive technique that
allows you to obtain the necessary information about the
direction of the curvature of the root canals and determine
the operating length. But the X-ray by its physical
properties is not able to reproduce the entire anatomy of
the apical part of the root — often there are images
layering and distortion. If the X-ray image is used
together with the input file, there is a possibility of error
in the interpretation of the image, which is associated
with the subjectivity of the result by experts. Therefore,
it may be inappropriate to be guided only by this method
of determining the working length. In this article, the task
of comparing the methods of detecting the apical
constriction zone in endodontic treatment of teeth was
solved. The accuracy of measurements with the apical
locator [5] has been practically proved. Therefore, it is
taken as a guide. The addition of algorithms for machine
image analysis, segmentation of this image and automatic
determination of the working length make the method
of radiological examination more accurate. Clear research
results and their analysis are given in the conclusions.

Electrometric method

In the apical structure, there are three zones:
the apex (radiological peak of the tooth root), the large
apical hole and the apical constriction (the smallest
diameter area of the apical part). The apical constriction
zone is recommended as the limit for root canal
treatment [6, 7]. The apical constriction often has
a complex configuration. The physiological tip is located
at a distance of 1.0 mm from the anatomical tip — this is
the final working length for the doctor. For an example,
look at fig. 1 below.

# 5

working
length

tooth length-

Fig. 1. Definition of the working length

The method of apexology is based on the difference
in electrical resistance of tissues. Hard tooth tissues
have a higher resistance than the oral mucosa and
periodontal tissues. The electrical circuit between the
electrodes placed on the lip (lip electrode) and in the
root canal (file electrode with calibration stop) remains
closed while periodontal tissue reaches the file. In the
area of apical narrowing, there is a sharp resistance drop,
the circuit closes, and this is fixed by the apex locator [8].

Devices for electrometric detection of the working
length of the root canal determine the resistance using
alternating currents of different frequencies. Using the
ratio method, they allow you to find the general
resistance coefficient, indicating the position of the
file in the canal (fig. 2).

apexlocator

lip electrode active electrode with endo file

!

Fig. 2. Schematic of apex locator

This measurement indicates the electrolyte
availability in the pulp tissues, it is stable and provides
high degree of measurement accuracy. A significant
drawback of the method is the requirement to work in
comparatively dry canals.

The method of electrometric detection of the root
canal length was performed in two stages. The first
stage — using the Propex Pixi device [9], the previous
working length was determined. In the process of root
canal treatment, the diameter is widening and taper
is occurring. The second stage — after the final processing
of the canal, another measurement was carried out
by electrometric method. This value was defined as the
final working length of the canal. Pictures of the
measurements are given below (fig. 3-4).

The working length was marked with a fixation
ring. From the beginning of the working file to the
fixing ring, the length can be measured with
an endodontic line. The results are recorded in a table
and presented in this article.
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Fig. 4. Tooth image a — object Ne4, b — object Ne5, ¢ — object Ne6

Method of radiological determination
of the root canal length

An intraoral radiograph of a tooth is an image
that uses a monochrome photometric interpretation
(the brightness of the image pixels is shown on a gray
scale with pointers from 0 to 255, where the brightness
value of 0 means a pixel with black color, the value
of 255 means white) [10].

The study used data obtained using the Planmeca
ProSensor HD visiograph, which has a resolution
of 1020x688 pixels.

Fig. 5. Planmeca ProSensor radiovisiograph

Matlab 2019 Image Processing Toolbox [11] was
chosen as the environment for developing software
for segmentation and canal length measurement.
Segmentation (selection of a segment in the image) was
performed using the thresholding method. The threshold
method is a binarization method based on dividing
the image into 2 parts based on threshold values.

The value (T) is selected according to the task to be

performed (from 0 to 255). The task can be to highlight
both the filled area of the tooth (filled canal) and the
un-filled area, then the value of T will change
appropriately. For a sealed canal, all brightness values
that are in the range of values above T are called object
values, everything below is called background values.
Further research is to create a boundary layer — a curved
line that separates the object and background elements.
A segment along this line is selected if it satisfies the
condition of low-frequency noise filtering. Figures 6 — 11
show histograms.

Histogram analysis is the result of the program with
graphs of distribution of image elements with different
brightness. The horizontal axis shows the brightness from
0 to 255, and the vertical axis — the number of pixels with
a certain brightness value on the relevant images of the teeth.
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Fig. 6. Histogram analysis of image Nel:
a — image of tooth Nel, b — relevant histogram
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Fig. 7. Histogram analysis of image Ne2:
a — image of tooth Ne2, b — relevant histogram
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Fig. 8. Histogram analysis of image Ne3:
a — image of tooth Ne3, b — relevant histogram
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Fig. 9. Histogram analysis of image Ne4:
a — image of tooth Ne4, b — relevant histogram
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Fig. 11. Histogram analysis of image Ne6: a — image of tooth Ne6, b — relevant histogram

Physiologically filled root canal corresponds to
intervals with high brightness values. To select these
areas, it is enough to choose the value of T and determine

all points that have f(x, y)>T, which belong to the

object, and if not, belong to the background [12]. Then the
output image (g) is defined by the following expression:

3% y):{l, it f(x y)>T} @

0, if f(x,y)<T

here 1 — object value; 0 — background value.

The threshold T =210 was chosen for
binarization of the tooth root image. Given the resolution,
filtering with the removal of segments with less
than 1500 pixels was used to exclude binarization

a

artifacts [13, 14]. X-ray images always contain small
details and noise that often interfere with the analysis
process. Pre-processing or correction is a step that allows
to solve this problem, for example, using low-pass
and median filtering algorithms. If the correction of
smoothing (noise removal) is performed on individual
images, the pre-processing of sets of sections ensures the
alignment of geometric and bright-contrast characteristics
of images in the set. For this we use methods of
alignment of brightness histograms in the sequence
of images and reconstruction [15]. The result of
pre-processing is a set of images with relatively the same
brightness-contrast characteristics and smooth surface [16].
The result of binarization is shown in figs. 12-13.

C

Fig. 12. The result of binarization of images with threshold T = 210:
a — segmented tooth Nel, b — segmented tooth Ne2, ¢ — segmented tooth Ne3
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a b c

Fig. 13 The result of binarization of images with threshold T = 210:
a — segmented tooth Ned, b — segmented tooth Ne5, ¢ — segmented tooth Ne6

In threshold segmentation it is necessary to take
into account the connection of components. Two points
are considered connected if there is a path along
which the characteristic function is constant. Marking
objects on a discrete binary image consists in selecting

"

b

the point of the object from which the study actually
begins. In the next step, neighboring points are marked
(except for those already marked) [17]. Upon completion
of this recursive procedure, we obtain a closed
loop (fig. 14-15).

Fig. 14. The result of placing segmented contours of tooth roots on the original image:
a — object Nel, b — object Ne2, ¢ — object Ne3

a
Fig. 15. The result of placing segmented contours of tooth roots on the original image:
a — object Ned, b — object Ne5, ¢ — object Ne6

Results and discussion

As a result of the work performed, the segmentation of
tooth root canal structures was carried out and their length

c

was determined. Comparison (table 1) of the electronic
determination of the working length with the radiological
one showed that the electronic length and the radiological
length determined by the program do not coincide.
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In the case of lateral curvature of the canal, the X-
ray image may show a shorter working length than that of
the apex locators [18, 19], and there is a possibility of

incorrect segmentation of the tooth crown due to the low
brightness of the crown pixels and, as a result, the crown
is not taken into account.

Table 1. Comparison of measurements made using different methods

Objects Matg;?'?'“f r?élzeihlzééiglt(:];]ztl[zgéan) Electrometric method X-ray method with segmentation
object Nol 22.9 mm 22.2 mm 20.6598 mm
object No2 20.5 mm 20.7 mm 20.4345 mm
object No3 19.0 mm 19.8 mm 18.7147 mm
object No4 19.2 mm 19.7 mm 19.7961 mm
object No5 20.1 mm 21.2 mm 20.4582 mm
object No6 23.3mm 18.8 mm 18.3045 mm

Conclusion advantages of the radiological method are non-invasiveness

It is important to note that the electrometric
method of measuring the length of the root canal has
a high accuracy of measurement, about 0.5 mm.
The radiological method has in most cases lower
quantitative indicators. First of all, this is due to the
physical principle of obtaining an image, that is, the
projection of the tooth can overlap each other and we
have a lot of shadows in the image. The shadow may not
fall within the range of acceptable values (in the study
T =210) and then a certain area in the image is
segmented not as an object, but as a background and
the resulting length will be smaller. Secondly, the images
do not display canal curvatures that occur perpendicular
to the X-rays. This can also make the resulting
length smaller.

The key feature of the chosen method of radiological
examination is the application of a special developed
algorithm of image segmentation. It makes it possible
to determine the working length of the tooth more
accurately, preventing the doctor's mistake. The main
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INOPIBHAHHA METOAY EJIEKTPOMETPUYHOI'O BUSHAYEHHA
ITAPAMETPIB KOPEHEBOI'O KAHAJIY
TA METOJAY NOPOIOBOI CETMEHTALIII PEHTTEHOT' PAMHU

IIpeameToM moCTiKEHHS € PEHTI€HIBChKI 3HIMKH 3y0iB Mil Yac BUKOHAHHS €HIOAOHTUYHUX omepauiil. MeTa poOOTH — NpaKTHYHE
MOPIBHSIHHS PO3POOJICHOT0 METOy CerMeHTallil PEHTTeHOTpaMy ISl BU3HAUEHHS! IOBXKUHH KOPEHEBOTI'0 KaHAJLY 3 JIEKTPOMETPHIHIM
1 MaTeMaTHYHUM METOIOM. Y CTaTTi BUKOPUCTOBYIOTHCS TaKi MeTOAM: NMPUHLUIN €HAOJOHTHYHOTO HpenapyBaHHA 3y0iB; METOIH
BU3HAYEHHsI poO0YOT TOBKHHHU KOPEHEBOTO KaHATy (PEHTI€HOJIOTIYHHUI, eIeKTPOMETPUYHHMI); METO]] IIOPOTOBOI CerMeHTallii; MeTo
CerMEHTAIll KiCTKOBHX CTPYKTYp Ha ToMmorpadiuHux 300pakeHHsX. 3100yTO Taki pe3yJbTATH: MPOAHAII30BAaHO HAasBHI METOIH
BU3HA4YEHHs pPO0OO0YOi IOBKHMHHM KOPEHEBOTO KaHaly, BHOKPEMJICHO OCHOBHI IepeBard Ta HEIOJIKH KOXXHOIO 3 METOIB.
MareMaTHIHUH METOJ € MIBUAKUM, ajle HETOYHUM 1 MOXKEe CIYTYBaTH JIMIIE IS TTOTIepeTHHOTO OLiHIOBaHHS. EmexTpomerpnunnit —
HAMOUIBII TOYHUH, MPOTE Ma€ Ay’Ke >KOPCTKI BUMOTHU JAJSl BUMIPIOBaHHS B JUISHII BOJIOTOCTI KaHaJiB, KpiM TOTO, 1HBa3HMBHICTb
METO/y Iepeadadac HU3KY HENONIKiB. PEHTTeHONOTIYHUI — HAWIEepCIeKTHBHINIAN JUIS JTOCTIKCHb 3aBASKH HOro 0e300I1iCHOCTI
IUI TIAIliEHTa, HU3BKIH 1031 OMPOMIHEHHS IMiJ Yac iHTPAaopalbHOI PEHTIEHOTpaMH Ta MOXIMBOCTI 3aCTOCYBAaHHS AITOPHUTMIB
00pOOICHHS 300paKeHb AJIs1 YTOUHCHHS Pe3yJIbTaTiB BUMIPIOBaHHA. Y MeXkax Ii€i poOoTH chOpMyITLOBAHO TPHHITUIKA CErMEHTAIIT
Ta BUIUICHHS KOHTYPIB 3y0a Ha PEeHTTEHIBCHKOMY 3HIMKY U BU3HAUEHHS po0O0Y0i TOBKHHH Ta IIPOBEJCHO MPAKTUIHI JOCIIHKESHHS
IUIA TIOPiBHSHHA BCIX METOHIB aHaiily. BHCHOBKH. 3aCTOCYBaHHA METOAY €JIEKTPOMETPUYHOIO BHU3HAUEHHS [OBXHHH A€
HaWTOUHIMMH pe3ysbTaT, aje CerMEHTAllis pPeHTreHOrpaMM Jae€ 3MOry JIKapeBi OTpHMaTé JOAATKOBY iH(pOpMamilo IIOx0
apXITEKTOHIKA KOPEHEBOro KaHamy. KpiM Toro, MoxIuBicTb 00poOiIeHHS 300pakeHb, TAKUX K CEIMEHTAIlis, BUIUICHHS KOHTYpIB
i aBTOMaTWYHE BU3HAYCHHS 30HU alliKaJIbHOTO 3BYXXEHHs, pOOJTH 1€l MeToJ HaiOuIbIl HepcneKTUBHMM. HallonTuMaibHImo0
€ KOMOIHAIIiSI IUX TBOX METOMIB Ha MPAKTHIIi, IO MOTPeOye TOAATKOBUX JIOCIiIKEHb.
Knrouosi ci1oBa: kopeHeBuil KaHall; peHTT€HOTpaMa; OPOTOBUI METOJ]; CerMEHTAIlisl.

CPABHEHME METO/JA JIEKTPOMETPUYECKOI'O OIIPEAEJIEHUSA
IHAPAMETPOB KOPHEBOI'O KAHAJIA
U METOJIA TIOPOT'OBOM CETMEHTAIIUY PEHTTEHOT PAMMBI

IIpeameToM uccnenoBaHUs B CTaThe SBISIOTCS PEHTICHOBCKHE CHHMKH 3yOOB IMPH BBITIOJHEHHU SHIOJOHTHUYCCKHX OIMEPAIlHiA.
Henap paboThl — MpPaKTHYECKOE CpaBHEHHE pa3pabOTAHHOTO METOJa CErMEHTAlldM PEHTI€HOrPAMMBI ISl OTPEIEICHHS JIHHBI
KOPHEBOT'0 KaHajia C IEKTPOMETPHUYCCKUM U MaTeMaTHYECKHM METOAOM. B cTaThe UCIONB3YyIOTCS CIEAYIOLINE METOABI: TPHHIINIIbI
9HJIOIOHTHYECKOTrO TPENapupoBaHus 3y0OB; METOBI OIpeeieHus padoueil UTHHBI KOPHEBOrO KaHaia (PEHTTeHOJIOTHYECKHIA,
JNEKTPOMETPUYECKHUiT); METOJ MOPOrOBOM CEerMEHTAallMH; METOJ CerMEHTAllMd KOCTHBIX CTPYKTYyp Ha TOMOrpadHuecKux
n3obpaxenusx. [lomydeHsl crenyronye pe3ydbTaThl: MPOAHATH3UPOBAHBI CYIIECCTBYIOIIUE METOJIBI OMPECICHUS paboyeii ITHHBI
KOPHEBOTO KaHalla, BBIJEJICHBl OCHOBHBIC JAOCTOHMHCTBA M HEJIOCTATKH KAXIOTO W3 METOAOB. MaTeMaTHYeCKHil METOJ SIBISETCS
OBICTPBIM, HO HETOYHBIM W MOXKET CIY)XUTh JIMIIb JUIsl MPEJABAPUTEIILHON OLCHKU. DJIEKTPOMETPUUECKUil sBiseTcss Haubonee
TOYHBIM, OJIHAKO MMEET OY€Hb JKECTKHE TPeOOBaHMS Ul U3MEPEHHs B 00JIACTH BIAXXHOCTH KaHAJIOB, a TAKIKE HHBA3UBHOCTH METO/A
MUMEET PAA HEIOCTATKOB. PEHTIEHONOTHYCCKUI — Hanboiee MePCIeKTUBHBIN /IS MCCIICAOBaHUM Oaroaapst ero 6e30071e3HEHHOCTH
JUIS TIAIIMEHTA, HU3KOH J103¢ OOMYUYCHUS MPH HHTPAOPATBHOW PEHTIEHOIPaMMe M BO3MOXKHOCTH IPUMEHEHHS aITOPUTMOB 00pabOTKH
n300paKeHH [Tl YTOYHEHUsS] Pe3yJIbTaToB M3MepeHus. B pamkax maHHON paboThl cHOpPMYIHPOBAaHBI NPHHIMIIBI CETMEHTAIMH U
BBIJACIICHUS KOHTypOB 3y6a Ha pEHTI¢HOBCKOM CHUMKE IJI ONPEACTICHUA pa60qef/'l JUIMHBI U IIPOBEJACHBI MMPAKTHYCCKUE UCCIICI0OBAHUA
JUTSL CPAaBHEHHSI BCEX METOIOB aHaiu3a. BuiBoabl. [IprMeHeHrne METOa DIICKTPOMETPHIECKOTO OIMPEISIICHHUSI UTMHBI JAeT CaMbIi
TOYHBII pe3yanaT, HO CErMEHTalUA PEHTICHOIPaMMbI ITO3BOJIACT Bpaqy l'lOquI/lTb ﬂOHOHHVlTeHbHy}O I/IH(bOpMaLLI/I}O 06 APXUTEKTOHUKE
KOpHEBOTO KaHaia. Kpome 3TOro, BO3MOXHOCTH MPUMEHEHHS OOpPaOOTKH H300pakeHHM, TaKUX KaK CErMEHTAIUs, BbIJEIICHHE
KOHTYPOB M aBTOMAaTHYECKOE OIMpEAEICHHEe 30HBI AMHKAJIbHOTO CYXXCHHs, AENA0T IaHHbIH MeTOJ Hauboliee MepCIeKTHBHBIM.
OnTUMAaNBHBIM SBJSIETCS. KOMOWHAIUS STHX JIBYX METOJIOB Ha MPAKTUKE, YTO TPEOYET JOMOTHUTEIBHBIX HCCIICIOBAHMUI.
KuiroueBble c10Ba: KOPHEBO KaHAI, PEHTTEHOrPAMMA; IIOPOTOBBIN METO/I; CErMEHTAIHS.
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