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Tpera merynapoana kondepenuuja ETUMA
Third International Conference ETIMA

PREFACE

The Third International Conference “Electrical Engineering, Technology, Informatics, Mechanical
Engineering and Automation — Technical Sciences in the Service of the Economy, Education and
Industry” (ETIMA’25), organized by the Faculty of Electrical Engineering at the “Goce Delchev”
University — Shtip, represents a significant scientific event that enables interdisciplinary exchange of
knowledge and experience among researchers, professors, and experts in the field of technical sciences.
The conference was held in an online format and brought together 78 authors from five different
countries.

The ETIMA conference aims to establish a forum for scientific communication, encouraging
multidisciplinary collaboration and promoting technological innovations with direct impact on modern
life. Through the presentation of scientific papers, participants shared the results of their research and
development activities, contributing to the advancement of knowledge and practice in relevant fields.
The first ETIMA conference was organized four years ago, featuring 40 scientific papers. The second
conference took place in 2023 and included over 30 papers. ETIMA’25 continued this scientific
tradition, presenting more than 40 papers that reflect the latest achievements in electrical engineering,
technology, informatics, mechanical engineering, and automation.

At ETIMA’25, papers were presented that addressed current topics in technical sciences, with particular
emphasis on their application in industry, education, and the economy. The conference facilitated
fruitful discussions among participants, encouraging new ideas and initiatives for future research and
projects.

ETIMA’25 reaffirmed its role as an important platform for scientific exchange and international
cooperation. The organizing committee extends sincere gratitude to all participants for their
contribution to the successful realization of the conference and its scientific value.

We extend our sincerest gratitude to all colleagues who, through the presentation of their papers, ideas,
and active engagement in discussions, contributed to the success and scientific significance of
ETIMA’25.

The Organizing Committee of the Conference



IIPE/II'OBOP

Tperarta merynapoana koudepennuja ,,Enexkrporexuuka, Texnonoruja, Madpopmarnka, MammHcTBO 1
ABTOMaTHKa — TEXHMYKA HAayKHW BO CiIy’)k0a Ha eKOHOMHjaTa, OOpa30BAaHUETO W WHAyCTpujaTa‘
(ETUMA’25), opraausupana off EneKTpoTeXHUIKHOT (akynTeT mpu Y HUBEp3UTeToT ,,I onre Jlemaes*
— ITum, npeTcraByBa 3Ha4YacH HaydeH HACTaH KOj OBO3MOXKYBa WHTEPIUCIMIUIMHAPHA pa3MeHa Ha
3HaCHka M MCKYCTBA Mery HCTpaxKyBaud, NPOPECOPH M CKCIEPTH OJ TEXHUYKHTE HAyKH.
Kondepennujara ce onprxa Bo oHIAjH popMaT U 00earHU 78 aBTOPH OJ IET Pa3IAIHH 3EMjH.

Kondepenunjara ETUMA uma 3a nen aa co3aane GopyMm 3a HaydHa KOMYHHKAlHja, MOTTHKHYBajKH
MYJATHIUCLIUILUTMHAPHA COpaOOTKa M IPOMOBHPAjKH TEXHOJIOIIKY HHOBAIMH CO AUPEKTHO BIIWjaHHUE BP3
COBPEMEHOTO JKHBeeme. [IpeKy mpe3eHTanja Ha HAyYHH TPYJOBH, YYECHHIIUTE T'H CIIOJETyBaaT
pe3yNTaTUTE O/l CBOMTE MUCTPaXKyBara M Pa3BOJHU aKTHBHOCTH, IIPUIOHECYBAjKH KOH yHAIPEIyBambe
Ha 3HACHETO U NMPAKTUKATa BO PEJIEBAHTHUTE 00JIACTH.

[IpBata xoHdepenmmja ETMMA Oeme opranm3mpaHa Tpel YeTHPW TOIWHHU, TpH INTO Oea
npesentrpann 40 HaydHu TpynoBH. Bropara koHdepenuuja ce oapxka Bo 2023 roanHa U BKIyYd HaJ
30 tpynoBu. ETUMA’25 npomoyku co McTaTa Hay4Ha Tpajaulidja, Mpe3eHTHpajku moBeke ox 40
TPYZOBH KOU THM OTCIMKYyBaaT HAjHOBUTE [OCTUTHYBama BO o0jacTa Ha €JIEKTPOTEXHHUKATa,
TEXHOJIOTHjaTa, MHPOPMATHKATa, MAIIMHCTBOTO U aBTOMATHKATA.

Ha ETUMA’25 6ea npe3eHTUpaHU TPYI0BH KOM 00pab0OTyBaaT aKTYEIHA TEMH O] TEXHHYKHUTE HAYKH,
co ToceOeH akIeHT Ha HHUBHATa NpUMEHa BO HWHAYCTpHjaTa, OOpa30BaHHMETO W EKOHOMHjaTa.
Kondepenuunjara 0Bo3MOXH TUIOIHA JUCKYCHja Mely Yy4YECHHUIIWTE, MOTTUKHYBAjKHM HOBU HIEH W
WHHULYjaTUBH 32 UIHU UCTPAKYBamba U MIPOEKTH.

ETHUMA’25 ja moTBpau cBojaTa yJiora Kako 3HavajHa IulaTopMa 3a HayyHa pa3MeHa W
MHTEpHAIMOHAIHA copaboTka. OpraHM3alMOHUOT OI00p yIaTyBa MCKpeHa OJIaroJapHOCT JI0 CUTE
YUYECHUIIM 32 HUBHUOT MPHIOHEC KOH YCIIEITHATA Peali3allija Ha KOH(EepEeHIMjaTa i Hej3HHATa HaydHa
BpeaHocT. Kondepenijara ce o/ip>xka OHIAjH U 00SAMHU CEIyMICCET U OCYM aBTOPH OJ1 €T Pa3IUIHU
3eMjH.

I/I3pa3yBaMe rojcmMma 6JIal"O,Z[apHOCT A0 CUTC KOJICTU KOU CO NPE3CHTUPAKLC HA CBOUTE TPYAOBU, HJICH U

aKTHBHA BKJIIYUYEHOCT BO JUCKYCHUTE MpHIoHecoa 3a ycnexoT Ha ETMMA’25 u Hej3uHaTa HaydyHa
BPEJIHOCT.

Opeanuzayuonen 0060p Ha KoOHepeHyujama
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Ancrpakr

Osaa cmyouja ucmpasxcyéa MoOepHo npou3eo0CmMe0 Ha PAHOSPAOUHAPCKY KYAMYPU CO aKyenm Ha unmezpayuja
HA 0OHOBNUBU U3BOPU HA eHepauja u mexnonoeuu. Iy ucnumysa XuoponoHukama, akeanoHuKama, KiumMamexu
KOHMPOUpanume CmaxieHuyu, asMoMamu3ayujama u OUsUmanu3ayujama, 3ae0Ho co NPUMeHama Ha conyesa,
eeomepmanna, 6uomaca u eemepha enepeuja. Co npuxasxcysarbe na cmyouu Ha CIyHaj U MexXHUuKU UHO8AYUU,
cmyoujama 2o ucmaxkHy8a npuooOHecom Ha 08ue MexHON0SUU KOH eHepeemcKama epuKkacHocm, HAMAlIeHuom
jaznepooen ommneuamox u JNOKATHUOM eKOHOMCKU paseoj. Iloceben (oxyc e cmasen Ha nomeHyujanom 3a
umnaemenmayuja 6o Cegepna Maxedonuja, Kade wmo NOBOIHUME KIUMAMCKU YCI08U, UHBECTIUYUCKUNE
MOJICHOCTU U UHCMUMYYUOHATHUME PAMKU NPEemCcmagyeaam u MoxcHocmu u npeoussuyu. Cmyoujama oaea
3AKAYYOK 3a Npenopaku 3a nodobpena noOOpuiKda, eOyKayuja u cmpamewika UHmezpayuja KoH O0OPAHCIUBO
3emjooencmaeo.

Kiayunu 300poBu:

npou3eo0Cmeo Ha pAHOZPAOUHAPCKU KYAMYpU, OOHO8IUEA eHepauja, XUOPONOHUKA, COHYedd eHepeujd,
aA8mMoMamu3ayuja, 0OPHCIUBO 3eMjo0eNICMBO, CMAKIeHUYU, OUOMACA, 2e0MepPMalHad eHepauja

1. Bosen

PaHorpagnHapckoTO  NPOM3BOJCTBO  NpETCTaByBa €AHAa  OJf HAJUHTCH3UBHUTE U
HajIpopUTAaOMIIHU T'paHKH BO 00JIacTa Ha PacTUTENHOTO Mpou3BojacTBO. OBaa ¢opma Ha
3eMjoJIelIie ce KapaKTepU3npa co OATJIEAYBAamkE Ha 3€JIEHYYKOBU KYITYPU KOH CE€ I10jaByBaaT
Ha [1a3apoT BO HAjpaH MOXKEH MEePHOJ] 0J1 TOIMHATa, Kora modapyBaykaTa € BUCOKa, a IOHy/aTa
e orpanmuena. [lopaau Toa, paHOTPATMHAPCKUTE MPONU3BOIN YECTO TIOCTHUTHYBAAT MTOBUCOKH
na3apHu LI€HHU, IITO TUPEKTHO BJMjae Bp3 PEHTAOMIHOCTa M €KOHOMCKaTa OJPKIMBOCT Ha
npou3BocTBOTO [5]. [Tokpaj eKOHOMCKHOT aCHeKT, PAaHOTPAIMHAPCKOTO MPOU3BOACTBO MIpa
3HayajHa yinora M BO 00e30e1yBambeT0 Ha CBEXH, HYTPUTUBHO BpPEAHM IPOU3BOAU 32
HOTPOIIYBAaYNTE BO BpeMe Kora TOHYyAaTa OJf OTBOPEHO IIoJie € orpaHW4eHa. BoemHo, ce
CO3/1aBaaT MO>KHOCTHU 3a 3TOJIEMEHO IMPOM3BOJICTBO M Pa3BOj HA PypaJIHUTE CPEAMHH, IITO €
0CO0OCHO BaKHO 32 KOHOMCKH MOCNIa00 pa3BueHHTe perroHu [22]. MoaepHHUTe TPEHIOBH BO
3€MjO/IEJICTBOTO YKaXXyBaaT JIeKa MHTErpalujata Ha TEXHOJIOMIKH HAlpeaHU PEelIeHHja, KaKko
MITO C€ 3allTUTEHH TPOCTOPH (CTAKICHHUIHM, TUTACTCHUIIM), KOHTPOJMPAHW YCIOBH Ha
OJIrJIeTyBambhe M MPELU3HO 3€MjOJICJICTBO, C€ KIIYUHH 32 YHAIPEIyBamke Ha paHOIPaJIUHAPCKOTO
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Abstract

Electromagnetic interference (EMI) from endodontic equipment could potentially affect a gastric pacemaker. This
article provides an overview of interaction risks, potential consequences, and precautions related to such
interference. Certain electronic dental devices may interfere with the pacemaker’s function, but the level of risk
depends on the type of equipment and its proximity to the implanted device. A gastric pacemaker operates using
small electrical impulses to stimulate stomach muscles. If an endodontic device induces unintended electrical
currents in the body, these could be picked up by the pacemaker’s leads, potentially disrupting its normal function.
Electromagnetic interference between a gastric pacemaker (also called a gastric electrical stimulator, GES) and
endodontic equipment is therefore a potential concern, especially in dental procedures involving electronic
devices.

Endodontic devices commonly used in root canal therapy include apex locators, electric motors for rotary files,
electrosurgery units, and ultrasonic devices—all of which generate electrical or electromagnetic fields. In
summary, patients with a gastric pacemaker can generally be treated safely in the dental setting, provided that
management involves collaboration with both the gastroenterology team and the device manufacturer. The
processes of deactivation and reactivation (switching the pacemaker off before, and back on after, the procedure)
are straightforward and help minimize risks to both patient and device. Furthermore, it is important to maintain
a distance of at least 15-30 cm (6-12 inches) between the implanted pacemaker and electrical equipment—
particularly ultrasonic and electrosurgical instruments—and to use modern apex locators and rotary motors
designed with low electromagnetic emissions, in order to reduce the likelihood of interference.

Key words

Endodontic equipment, gastric pacemaker, electromagnetic interference
Introduction

A gastric pacemaker (GES) is used to manage gastroparesis and other motility disorders by
delivering electrical impulses to the stomach to regulate digestion [1]. Endodontic equipment
commonly used in root canal therapy includes apex locators, electric motors for rotary files,
electrosurgery units, and ultrasonic devices—all of which generate electrical or electromagnetic
fields [2].

Electromagnetic interference (EMI) from endodontic equipment can potentially affect a gastric
pacemaker through several mechanisms. Many endodontic devices (e.g., electronic apex
locators, ultrasonic scalers, electrocautery devices) generate electromagnetic fields that may
interfere with implanted medical devices such as gastric pacemakers. The gastric pacemaker
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operates using small electrical impulses to stimulate stomach muscles. If an endodontic device
induces unintended electrical currents in the body, these could be detected by the pacemaker’s
leads, potentially disrupting its normal function [3].

Some dental devices, especially ultrasonic instruments and electrosurgery units, operate at radio
frequencies (RF) [4]. If the pacemaker’s sensing circuits misinterpret these signals as biological
activity, it may inhibit or misfire impulses, leading to improper gastric stimulation. The closer
the endodontic device is to the gastric pacemaker, the higher the risk of interference. For
example, if an ultrasonic scaler or electronic apex locator is used near the chest or abdomen,
where the pacemaker is implanted, the risk is greater than when working on lower teeth [5].

Potential signs of interference include nausea, stomach bloating, or irregular gastric movements
if the pacemaker malfunctions. In rare cases, dizziness or unusual heart rhythms may occur,
especially if the gastric pacemaker overlaps in function with a cardiac pacemaker [6].

Endodontic equipment poses varying levels of interference risk to gastric pacemakers.
Electronic apex locators present a low to moderate risk, particularly if used near the stomach
region [7]. Ultrasonic scalers carry a moderate risk, as their radio-frequency emissions may
interfere with pacemaker sensing [8]. Electrocautery devices pose a high risk due to strong EMI
that can disrupt pacemaker function. Cordless endodontic handpieces present a low to moderate
risk, depending on their operating frequency [9].

Materials and methods
Study design

For this review article on the electromagnetic interference from endodontic equipment and
gastric pacemaker, a thorough search of relevant literature was performed using electronic
databases such as PubMed, PMC, Medline, Science Direct and Google Scholar. Keywords
including endodontic equipment or gastric pacemaker or electromagnetic interference were
used to locate pertinent articles published in peer-reviewed journals. The selection criteria
focused on studies, clinical trials, and reviews published in English within the last ten years.
Priority was given to articles that addressed the materials, methods, techniques, and recent
advancements within the field of endodontics.

Inclusion Criteria

This review considered studies that met the following criteria: they were published within the
past ten years, involved human participants, were written in English, and included data on adult
patients with medically refractory gastroparesis who underwent gastric electrical stimulation
therapy. Eligible publications included peer-reviewed articles, review papers, observational
studies, and clinical trials.

Exclusion Criteria
Studies were excluded if they focused on pediatric populations, involved animal research, or
were categorized as books or grey literature. The selected articles were carefully reviewed, and

essential information was gathered and synthesized to create a comprehensive summary of the
topic. Furthermore, textbooks and manufacturers’ literature were reviewed to complement the
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findings from the literature search. The goal of this review is to provide a well-rounded and
informative discussion on electromagnetic interference and its prevention in clinical practice.

Assessment and outcomes

The articles reviewed consistently emphasized the common use of endodontics in a variety of
electromagnetic interference, including soft endodontic equipment and gastric pacemaker. An
apex locator works by measuring the electrical resistance or impedance between the tip of the
endodontic file inside the canal and the surrounding tissues. As the file approaches the root tip
(apex), the device detects changes in electrical conductivity, allowing the dentist to identify the
precise endpoint of the canal. This helps ensure the canal is cleaned and filled properly,
avoiding damage to surrounding tissues and improving the success of the treatment. (Fig. 1).

Fig. 1 Electronic apex locator
Source: www.endodonticsoralimplantology.blogspot.com

A gastric pacemaker, also known as a gastric electrical stimulator, is an implantable device
designed to regulate stomach motility. It works by sending electrical pulses to the stomach
muscles through electrode leads positioned in the abdominal region. The system includes a
pulse generator implanted in the abdominal wall, leads that are attached to the stomach lining,
and a battery-powered circuit board that controls the delivery of impulses. The device
continuously monitors signals from the stomach and adjusts the stimulation patterns as needed
to support proper digestive function.

Fig. 2 View of gastric pacemaker and how it works
Source: www.mriguestions.com
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Discussion

To minimize the risks associated with using dental equipment in patients with a gastric
pacemaker, several precautions should be taken. First and foremost, it's essential to inform the
dentist or endodontist about the presence of the gastric pacemaker prior to any procedure.
Dental professionals should use shielded equipment that meets medical electromagnetic
interference (EMI) safety standards. Whenever possible, endodontic tools should be kept at a
safe distance from the area where the pacemaker is implanted. Special care should be taken to
avoid the prolonged use of electrosurgical or ultrasonic devices near the stomach. If any unusual
symptoms occur during treatment, the procedure should be halted immediately and the
pacemaker function should be evaluated [10].

Also, to minimize the risk of electromagnetic interference (EMI) during dental procedures for
patients with a gastric pacemaker, certain precautions should be followed before, during, and
after treatment. Before starting any dental work, it is important to review the patient’s medical
history and inform the dentist about the presence of the gastric pacemaker. Consulting with the
patient’s physician or gastroenterologist can also provide valuable information regarding the
specific device and any recommended precautions. Additionally, checking the guidelines
provided by the manufacturers of both the pacemaker and the dental equipment can help
identify potential risks related to EMI [11].

During the procedure, maintaining a safe distance between electrical dental devices—especially
ultrasonic and electrosurgical tools—and the implanted pacemaker is crucial. Ideally, these
devices should be kept at least 15 to 30 centimeters (6 to 12 inches) away from the pacemaker
site. Using shielded or low-EMI equipment, such as modern apex locators and rotary motors
designed to emit minimal electromagnetic signals, is recommended to reduce interference [12].
When electrosurgical devices are necessary, it is important to use the lowest effective power
settings and ensure grounding pads are properly applied to minimize risks. Throughout the
treatment, the patient should be closely monitored for any symptoms such as dizziness,
palpitations, or discomfort, and the procedure should be stopped immediately if any of these
occur [13], [14], [15].

After completing the dental procedure, it may be necessary to verify the proper functioning of
the pacemaker, especially if any concerns arise during treatment. Patients should also be
educated on the importance of reporting any unusual symptoms or changes they experience
following the procedure to ensure prompt medical evaluation if needed [16].

Conclusion

Although the likelihood of electromagnetic interference (EMI) occurring between a gastric
pacemaker and endodontic dental equipment is generally considered to be low, it is still
important to take appropriate safety measures. This is particularly true when using high-
frequency dental devices, which have a greater potential to interfere with the pacemaker's
function. To ensure the patient's safety throughout the procedure, clear and thorough
communication between the patient, the dentist or endodontist, and the broader medical team
is essential. By working together and sharing relevant medical information in advance, the
healthcare providers can make informed decisions, minimize any possible risks, and proceed
with greater confidence that the pacemaker’s performance will not be compromised during
dental treatment. Patients with a gastric pacemaker can be safely treated in a dental setting,
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provided there is collaboration with the gastroenterology team and the device manufacturer. A
thorough risk assessment should take into account both the management of the pacemaker and
any medical conditions related to gastroparesis. Temporarily turning the device off and then
reactivating it is a straightforward process that helps minimize potential risks to both the device
and the patient as much as reasonably possible.
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