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Introduction. In practical dentistry, a significant number of various materials are used - for filling teeth, for
implant restorative surgery, as well as materials for prosthetics. In this case, metals, dielectrics and their combinations
are used. The article is devoted to the results of the study of electromagnetic properties of a group of dental materials -
fixing cements, which belong to dielectric materials. Theoretical and experimental studies of EMC materials from the
arsenal of maxillofacial reconstructive and restorative surgery were also conducted. Significant EMC deviations were
detected in some materials. Scientific results of experimental studies and relevant recommendations are presented in a
number of authors publications both in Ukraine and abroad

Main purpose of this study. Usually, the orthopedic constructions and the fixation cement are in physical contact
with both the patient's hard and soft tissues. Since dielectric materials at a human body temperature of 310K form their
own electromagnetic radiation (EMR), it is important to ensure their electromagnetic compatibility - the coincidence of
EMR with biological tissues adjacent to the implant to exclude the appearance of complications during their long-term
use. A highly sensitive (10" W) microwave radiometric system was used for the measurements. In process of research,
the five most commonly used cement samples in orthopedics were studied. Therefore, the purpose of this study is to
deter-mine the radiative capacity of cement as a material widely used in dental practice and to evaluate their level of
electromagnetic compatibility with contacting biological tissues.

Conclusions. 1. In the process of experimental and computational studies, the emissivity coefficients B,, of 5

cement samples were determined, which range from 0.13 to 0.63 units. 1.

2. The first three samples (NeNe 3-5) have a high level of electromagnetic compatibility (60...98 %), samples
(MeNe 6, 7) show much less coincidence with the EMR of the human body.

3. The results of the conducted research can be used by orthopedic specialists to select materials with greater
electromagnetic compatibility.

Keywords: orthopedic construction; fixing cement; microwave radiation; electromagnetic fields and radiation;
electromagnetic compatibility.

Introduction. Formulation of the problem

In practical dentistry, a significant number of
different materials are used: filling materials, materials
for implant restorative surgery, as well as materials for
prosthetics. In orthopedic dentistry, from the point of
view of physics, metals and dielectrics are widely
used in various combinations.

A number of general requirements have been
defined for materials are in contact with biotissues of
the human body, which they must meet during their
long-term use [1, 2]. First of all, implant materials
should:

—  be biocompatible, bioinert or bioinactive;

— not to have carcinogenic, toxic and allergenic
effects;

— be resistant to the influence of the body's internal
environment and not cause corrosion;

— have thermal and electrical conductivity close to
the surrounding biotissues;

— provide mechanical strength and spring-elastic

properties.

It should be noted that a wide range of dielectric
biomaterials are used in dentistry: various types of
fillings, bone implants, orthopedic structures, etc.
Unlike metals, dielectrics at a human temperature of
36...37°C (310 K) are able to form their own weak
electromagnetic fields and radiation (EMR), which
can interact with the cells of the human body adjacent
to the dielectric material (implant). The level of this
radiation depends on the ratio of the emissivity of the
dielectric and biotissue. In the long term, such an
interaction can affect the condition of the adjacent part
of the body. The border of separation and contact
between the implant and the tissue is important and
various processes of both positive and negative nature
can occur there [3, 4]. Weak electromagnetic fields
and radiation, under constant action, can also affect
this process and even the immunity of the human body
[5]. Therefore, there is a need to measure EMR and
conduct an  assessment of electromagnetic
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compatibility (EMC) of dielectric materials with
biotissues of the human body.

However, to carry out such measurements, at a
human body temperature of 310 K, it is necessary the
integral sensitivity of the measuring equipment should
be at the level of 10*...10™"°> W. Measurement of such
weak fields and emissions is a significant problem that
can be provided in single non-standardized
radiometric systems [6].

The development of the elementary base of
microwave (centimeter and millimeter) ranges, its
cheapening and availability stimulated the appearance
of new areas of use of microwave technology and
radiometry and opened wup the possibility of
conducting such researches and measurements.
Recently, similar equipment and technologies have
become widespread and used not only for military
purposes, science and technology, but also in industry,
agriculture and national economy, biology and
medicine [7, 8].

Radiometric equipment is quite actively used in
medicine and biology to control weak temperature
anomalies in the human body and diagnose cancer
diseases, for metrological support of quantum
medicine devices, for scientific research of
electromagnetic radiation of physical and biological
objects, for researching the properties of dielectric
materials and substances [6-9].

The authors [10] had developed a similar non-
standardized radiometric system (RS), which was
certified by the State Standard of Ukraine [11]. The
method of measurement and research and
identification of dental materials was described by the
authors [12]. With the use of the developed system,
together with the specialists of the medical university,
a number of studies of dental dielectric materials were
conducted on the subject of their electromagnetic
compatibility with the tissues of the human body. A
study of dental fillings materials was conducted, and it
was found that most materials have a coincidence or a
slight deviation of radiation levels in comparison with
the contacting tissues.

Theoretical and experimental studies of EMC
materials from the arsenal of maxillofacial
reconstructive and restorative surgery were also
conducted. [13, 14]. Significant EMC deviations were
detected in some materials. Scientific results of
experimental studies and relevant recommendations
are presented in a number of publications both in
Ukraine and abroad [4, 10, 13, 14].

Main purpose of this study

A large number of dielectric biomaterials are
used in practical orthopedic dentistry. Different
designs for prosthetics are made from both metals and
dielectric materials, SO as metal-dielectric
combinations.

Various designs of the orthopedic constructions
are also used for prosthetics and restoration of defects
in patients' dentitions. In most cases, prostheses of

fixed construction are used. Preparation for such
prosthetics is carried out in several stages. The stages
include the preparation of the alveolar process of the
jaw, preparation of the teeth, taking an impression and
making a permanent structure, fitting and fixation on
the tissues of the tooth with the help of fixing cement.
Placement of an orthopedic construct in a permanent
location usually involves subsequent physical contact
with both the patient's hard and soft tissues.

Long-term use of a such construction is possible
if the above requirements for materials which are in
contact with living tissues, including electromagnetic
compatibility, are met. At the same time, the
assessment of this parameter can be carried out after a
detailed study of the radiation capacity of similar
dental materials and their comparison with the
radiation of biotissues of the human body.

Therefore, the purpose of this study is to
determine the radiative capacity of cement as a
material widely used in dental practice and to evaluate
their level of electromagnetic compatibility with
contacting biotissues.

Preliminary information

Up to a dozen different types of powders are
currently used for the manufacture of dental cements
for fixing orthopedic structures. The leading
producing countries are Germany, the Czech
Republic, Japan, and the USA.

The main requirements for such materials
determine  their = physico-mechanical, clinical-
technological and physico-chemical properties. These
requirements are basic in the development and
manufacture of the powdery material that forms the
basis of the fixing cement. At the same time, the
cement itself has a number of parameters that
characterize its quality and the duration of its
operation:

— the thickness of the film that is formed at the
place of fixation of the orthopedic structure;

— cement hardening time and working time;

— compressive and bending strength after fixing the
orthopedic structure;

— water-absorbing and water-resistant properties.

The adhesive property of the cement material to
the hard tissues of the tooth, which characterizes the
strength and strength of adhesion to them, is also an
important characteristic. Adhesion to metal, to
ceramics, to dentin and enamel, which are in direct
contact with cement during the operation of the
orthopedic structure, can be distinguished here [15].

All powder substances for cement and cement
itself are dielectric materials. At the same time, it is
known from the course of physics that dielectric
bodies when heated emit electromagnetic signals in a
wide range of frequencies. This fully applies to
orthopedic structures installed in the human body, the
internal temperature of which is 36,6°C.

The integral power emitted by the dielectric
material can be calculated using the Nyquist formula:
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P=G(f.T)Af =BkTAf , 1)
where G(f,T) — spectral density of the noise signal

of the material at the analysis frequency f at the

thermodynamic temperature of the material 7; k —
Boltzmann's constant, k =1,38007%J/K; B -

coefficient of emissivity of the object coefficient of
emissivity of the object (for gray bodies B<1, for

absolutely black body (ABB) B=1); Af — measuring

device analysis band (radiometer).
The human body, like dielectric implants, can be

characterized by different radiative capacity B and

electromagnetic incompatibility may occur between
them. At the same time, both “+plus” (positive) and “-
minus“(negative) flows of electromagnetic radiation
can occur, which in different ways affect the tissues of
the human body adjacent to the implant (orthopedic
construction) [14]. Therefore, the authors consider it is
useful to conduct a study of the electromagnetic
properties of the most common samples of cements
used to fix orthopedic structures.

Research objects. The following fixing cements
were selected for the study. The samples were
provided by the Department of Orthopedic Dentistry
of O. Bogomolets National Medical University.

1. “Adhesor Fine” — zinc phosphate cement.
Fine-grained powder, which provides the possibility
of application in a thin layer (25 microns).
Manufacturer of Adhesor Fine - AT Spofa Dental CZ.

2. “Adhesor Carbofine” - zinc phosphate
cement. The characteristics are practically similar to
the material of item 1.

3. Glass ionomer X-ray contrast cement GC
“Fuji I’ of increased strength. Provides tightness and
long-term release of fluoride, which strengthens the
hard tissue of the teeth. Produced by GC Corporation,
Japan.

4. Ketac Cem radiopaque glass ionomer,
radiopaque cement. Provides tightness and long-term
release of fluoride, which strengthens the hard tissue
of the teeth. Manufactured by 3M ESPE, Germany.

5. Glass ionomer radiopaque cement “Meron”,
VOCO, Germany. Provides tightness and long-term
release of fluoride, which strengthens the hard tissue
of the teeth.

6. “Celikon F” is a two-component, radiopaque
glass ionomer cement. Provides tightness and long-
term release of fluoride, which strengthens the hard
tissue of the teeth, "Vladmyva" company.

The general precautions when using the specified
materials, which are described in the instructions for
users, should include the prevention of direct contact
with the dental pulp.

Research methodology and technology
Research on the emissivity of cement samples
was carried out in the laboratories of microwave

radiometry and microwave measurement of National
Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”.

According to the instructions for use, samples of
the studied cements with a diameter of 8 mm were
made and placed in a metal container, according to the
size of the aperture of the receiving antenna of the
high-sensitivity radiometer. Containers with cement
samples were placed in a standard thermostat TBC
(TVS)-80, with a temperature equivalent to the
temperature of the human body (36,6°C) and heated
for 20 minutes.

The certified highly sensitive NU-2 radiometric
system for the frequency range of 37...53 GHz was used
as a measuring device. The research was conducted at a
frequency of 51 GHz. The confirmed sensitivity of the
radiometric system is provided at the level of 10™* W,
with an analysis band Af = 10® Hz. RS is described in

more detail in [10, 11].

After heating, the container with the cement
sample was placed under the aperture of the receiving
antenna on the additional RS heater and the radiation
level was measured. For comparison, the radiation
level of three experiment participants and a piece of
animal bone were also measured.

The structural diagram of the measurement is
presented in Fig. 1 and includes: an automated device
for heating and maintaining a temperature of 310 K
(1) with a power supply unit (2) and a temperature
regulator (3), a metal plate (4) for heating the
container with the material under study (S). The
highly sensitive radiometric system includes a
receiving antenna (A), an input attenuator (5), a RS
radiometric channel (6) for converting millimeter
range signals into a constant voltage output signal, and
an electromagnetic radiation power indicator (7).

2 5 6 7
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Fig. 1. Structural diagram of the system for

determining the EMR of cements for fixing
orthopedic structures

The samples of the studied materials were heated
to the specified temperature in metal cups in a TC
(TS) - 80M-2 thermostat with an error of temperature
stabilization at the reference point of +0.25°C. The
size of the cups was determined according to the size
of the aperture of the receiving antenna (Fig. 2).
Heating in the thermostat was carried out for up to 20
minutes. Then the cup with material S was placed on
the metal plate of the automated device 1 for heating
and maintaining the temperature, and the EMR level
was measured at a frequency of 52 GHz.
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Fig. 2. External view of the receivin part of the
radiometric system with an additional heating
device

The measurement results are given in Table 1.
Radiation of the ABB at a human body
temperature of 310 K, band 10 Hz, calculated

according to formula (1), is P, =4.2-10" W. Using

Kirchhoff's formula, you can calculate the emissivity
coefficient of the materials under study f,, (see table):

BM = M/ P ABB °
where, P, — the radiation power of the cement

sample, measured by RS; P,, - calculated ABB

power.
Conclusions
1. In the process of experimental and

computational studies, the emissivity coefficients B,

of 5 cement samples were determined, which range
from 0.13 to 0.63 units.1.

2. The first three samples (NeNe 3-5) have a high
level of electromagnetic compatibility (60...98 %),
samples (NeNe 6, 7) show much less coincidence with
the EMR of the human body.

3. The results of the conducted research can be
used by orthopedic specialists to select materials with
greater electromagnetic compatibility.

Table 1. The results of the measurement EMR of the studied materials.

Ne The research object Power level P,, (10"°W) | Coefficient p,, | % coincidence
with the EMR
level of the
human body

1 Human body 2,7 0.64 100

2 A sample of animal bone 3,15 0,75 117

3 Adhesor Fine 2,65 0.63 98

4 Adhesor Carbofine 2,4 0,57 89

5 Celicon © 1,6 0,38 59

6 GC Fuji I 0,9 0,21 32

7 Ketac Cem radiopaque 0,55 0,13 20
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Y Hayionansnuii medusnuii yuisepcumem imeni O. O. bocomonvys, Kuie, Yxpaina
EJIEKTPOMATHITHI BJIACTUBOCTI LIEMEHTIB JIJI1 ®IKCALIl OPTOIIEAWYHUX
KOHCTPYKUIU

CratTIO NIPUCBSYEHO PE3yJIbTaTaM JOCIIKEHHs eJIeKTPOMAarHiTHUX BIACTHBOCTEH IPyNy CTOMATOJIOTIYHUX MaTepiajiB
- (iKCyBaJIbHUX LIEMCHTIB, SKi BIJHOCATBCS IO AICICKTPUYHUX MarepiaiiB. B MmpakTHIli OpTOMEIMYHOI CTOMATOJNOTIT
3aCTOCOBYIOThCS PI3HOMAHITHI KOHCTPYKLIT AJIsl MPOTE3YBaHHS Ta BiJAHOBICHHS Je(eKTiB 3yOHHX psiB HauieHTiB. B
O1IBIIOCTI CBOTH Lie MPOTE3M HE3HIMHOI KOHCTPYKII, SIKi MiCNsl JEKUIBKOX MiJArOTOBYMX €TAaIiB BCTAHOBJIIOIOTHCS Ha
MOCTIiHE MiCIle 3 BUKOPHUCTAHHSAM TOTO YH iHIIOTO IEMEHTY. 3a3BHUail OPTONENIHA KOHCTPYKILis Ta (DIKCYOUnid Iie-
MEHT TIPU TOJIAJIBIIIOMYy BHKOPUCTaHHI (Pi3WIHO KOHTAKTYIOTh SIK 3 TBEPAMMH, TaK i 3 M’ SIKUMHU TKaHUHAMM ITaIli€HTA.
OCKUTBKY JlieNeKTpUYHI MaTepianu 3a Temreparypu Tina moauau 310 K popMyroTh BllacHe €IeKTpOMAarHiTHE BUIIPO-
MintoBaHHs (EMB), To BaXIHBUM € 3a0€3MEUCHHS eIeKTPOMarHiTHOI cymicHOCTI ixHboro EMB 3 mpunernumu 10 im-
IUIAaHTAaHTA010TKAHMHAMH JJIsl BUKJTIOYCHHSI [TOSIBU YCKIIAJHEHb HPH X JOBTOTEPMIHOBOMY BUKOPHCTAHHI.

Takox IPOBOJIMIMCH TEOPETHYHI Ta EKCIIEPUMEHTaIbHI AociikeHHs MartepianiB EMK 3 apcenany menemnno-nuneBoi
PEKOHCTPYKTHBHO-BITHOBHOI Xipyprii. YV aeskux Mmarepianax Oynu BusBieHi 3HauHi BigxwienHs EMC. Haykosi pe-
3yJIBTATH EKCIICPUMEHTAIBHUX JOCIIIKEHb Ta BiJOBIIHI PEKOMEH/AIlIT BUKJIAJICHI B Ps/Ii aBTOPCHKUX MyOITiKaLii K B
VYxpaiHi, Tak i 3a KOPJOHOM.

MeTor0 JaHOTO JOCIIKEHHS € BU3HAYCHHS paialliifHOl 3[aTHOCT] LIEMEHTIB SIK MaTepiaily, 110 IIMPOKO BUKOPHUCTOBY-
€TBCSl B CTOMATOJIOTIYHIN NMPAKTHIl, 1 OI[IHKA PiBHS IX €IEKTPOMArHITHOI CYMICHOCTI 3 KOHTAKTYIOUMMH 010JIOTIYHIUMHU
TKaHMHAMH.

VY crarrti HaBeleHO METO/IMKY Ta MaTepiaiu MPOBEACHUX EKCIEPUMEHTANBHUX JOCIHIIKEeHb. EleKTpoMarHiTHe BHIIPO-
MIHIOBaHHSI IBOX 3 ITSATH (iKCYIOUMX IIEMEHTIB, IO IOCIIHKYBalH, i1eanbHo 30iraroThes 3 EMB HaBkonmMIIHIX TKa-
HUH, oHOTO — Ha 60 %), 11e ogHOTO — Ha 32 % 1 OCTAaHHBOTO 3 JOCIiKyBaHUX Marepiams — Ha 20 %.Y crarTi HaBene-
HO CTPYKTYpHY CXeMy CHUCTeMH BU3HaueHHS EMB 1iemeHTiB i dikcallii opronemaHuX KOHCTPYKITi IpH X BUKOPH-
CTaHHI mamieHToM. Pe3ynpTaTu JOCTiHKEHHS MOKYTh OyTH BUKOPHCTAHI JIKapsAMH IJIsl BUOOPY OUTBII cyMicHUX (ik-
CYBJIBHHUX MaTepiaib.

KawuoBi cioBa: opromeanyHa  KOHCTPYKUIS;  (IKCYBaJbHHMH  IIEMEHT; MIKPOXBHJIbOBE  BHIIPOMIHIOBAH-
HS1;€JICKTPOMAarHiTHI MOJIsI Ta BUIIPOMIHIOBAHHSI; €JIEKTPOMAarHiTHa CyMiCHICTb.
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