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It is possible to increase the effectiveness of treatment of various anomalies of occlusion with the help of
orthodontic appliances, including permanent magnets as components. But a significant disadvantage of magnetic
materials is low corrosion resistance, which can be prevented by applying to the magnets various PVD protective
coatings leading to passivation of the surface of the magnetic material. The effect of Nd-Fe-B magnets with and
without protective ZrN coating after subcutaneous implantation in rats on the results of laboratory blood tests has

been evaluated.
PACS: 52.77.-j; 81.20.-n

INTRODUCTION

The use of orthodontic appliances with magnets for
the treatment of pathologies of occlusion has a number
of advantages [1, 2]. In this case, it is significantly
easier to brush teeth by simplifying the design of the
device, which reduces the number of additional
elements that create retention points, where food
residues can accumulate. In addition, in devices with
magnets there is a transfer of forces without friction,
and it is possible to calculate the magnitude of the force
with high accuracy [3]. The most promising magnetic
materials for orthodontics are Sm-Co and Nd-Fe-B
alloys, which show high forces between magnetic
interactions, are quite sufficient for effective movement
of teeth in the case of small size (volume) of the
magnets themselves [4]. It should also be noted that
modern magnetic materials show high stability of
physical properties. A significant disadvantage of
magnetic materials is low corrosion resistance, which
leads to the destruction of the magnet due to
electrochemical corrosion in the aggressive environment
of the oral cavity [5].

The situation that has arisen can be corrected by
applying different types of protective coatings to the
magnets, which lead to passivation of the surface of the
magnetic material. Such coatings can be oxide or nitride
films based on PVD coatings [6], as well as polymeric
materials used in dentistry [7]. However, at present in
the scientific literature there is a lack of information
about the methods of passivation of the surface of
magnets used in orthodontic appliances, as well as about
the characteristics of the effectiveness of protective
coatings, which makes our research relevant.

The aim of the research was to evaluate the effect of
magnets with and without protective ZrN coating on the
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experimental rats after subcutaneous implantation based
on the results of laboratory blood tests.

1. EXPERIMENTAL

The research was conducted on the basis of the
experimental-biological clinic of "Sytenko Institute of
Spine and Joints Pathology of NAS of Ukraine” and
Kharkiv Medical Academy of Postgraduate Education
of the Ministry of Health of Ukraine according to the
agreement on scientific and practical cooperation. All
experiments on animals were performed in compliance
with the requirements of the European Convention for
the Protection of Vertebrate Animals Used for
Experimental ~and  Other  Scientific  Purposes
(Strasbourg, 1986) and the Law of Ukraine Ne 3447-1V
of 21.02.2006 "On the Protection of Animals from
Cruelty". The ZrN protective coatings were applied on
the surface of Nd-Fe-B magnets at the Institute of
Plasma Physics NSC KIPT by using Bulat-type facility
[8-11].

The studies were performed on 49 male rats, animal
age 3...3.5 months, body weight 180...250 g, and 7 rats
for 3 study periods. The first experimental group — rats
implanted with Nd-Fe-B magnet with a protective ZrN
coating; the second — rats implanted with Nd-Fe-B
magnet without a protective coating; third — intact
animals. The number of erythrocytes and leukocytes,
hemoglobin content and leukogram were determined in
the blood of rats on 7, 14, and 45 days [12]. The content
of glycoproteins, glucose, total protein, urea, ALT and
AST activity, the content of total bilirubin and Fe were
determined in the serum of rats according to the
methods described in the literature [13]. Statistical
analysis of the data was performed using the
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nonparametric Wilcoxon test with calculations of the
median (Me) and percentiles (25 and 75 %) [14].

2. RESULTS AND DISCUSSION

In rats implanted with magnets with or without a
protective ZrN coating, hematological parameters did
not differ from those of intact animals during 7, 14, and
45 days of implantation (Tables 1, 2).

Biochemical markers of rats' blood after
subcutaneous implantation of magnets without a
protective coating partially changed on both the 7" and
14™ day of observation. Indicators of total protein, AST
activity and total bilirubin did not change during the
experiment. The content of glycoproteins in the blood of
rats on the 7" day after implantation was increased by
27.0 %, on the 14" day — by 8.7 % for relatively intact
animals. The content of glycoproteins on the 14" day
was lower by 14.4 % compared with that on the 7" day
(Table 3).

Table 1

Dynamics of hematological parameters in rats after

subcutaneous implantation of magnets without
protective ZrN coating (Me, 25...75 %)

of rats that underwent subcutaneous implantation of
magnets without a protective coating indicate an
inflammatory reaction of the body to the introduction of
implants, which was reflected in increase in
glycoproteins and tended to decrease from 7 and 14
days, but the rate remained high at the end of the
experiment compared with intact animals. In rats after
implantation of coated magnets, the content of
glycoproteins in the blood increased by 18.2 % only on
the 7"day after implantation (Table 4).

Table 2
Dynamics of hematological parameters in rats after
subcutaneous implantation of magnets with a protective
ZrN coating (Me, 25...75 %)

Indicators Intact rats, | Days after implantation

N=7 7 14 45
Erythrocytes, 7.00 6.80 7.20 7.10
T/L 6.85...7.20 6.70..7.00 | 6.80..7.20 | 6.95..7.25
Hemoglobin, 144.0 140.0 141.0 145.0
g/l 1415..1465 | 1395.1435 | 1330.1430 | 1405.1465
Eoenophilia, 2.0 2.0 1.0 2.0
percent 1.0..2.0 2.0..3.0 1.0..2.0 1.0..30
Neutrophils,
percent - - - -
Young 0 0 0 0
Rod shapad 1.0 3.0 2.0 2.0

1.0..2.0 2.0..4.0 1.0..3.0 1.0..20
Segmentedcore | 21.0 25.0 19.0 21.0

20.0...23.0 200..280 | 170.250 190.240
Lymphocytes, | 69.0 67.0 74.0 68.0
percent 67.0...71.0 61.0..680 | 670.750 660.630
Monocyt, 7.0 7.0 6.0 8.0
percent 6.0...8.0 5.0..10.0 | 5.0..7.0 7.0..90

) Intact Days after implantation
Indicators rats,
N=7 7 14 45
Erythrocytes, |70 7.30 7.30 7.20
T/L 6.85..7.20 | 7.15..7.54 | 6.90..755 | 6.95..7.35
1440 1430 1450 1430
"g'emog"’b'”' 1415.1465 | 1415.1475 | 1405.1460 | 1405.1460
Eoenophilia, |29 1.0 2.0 2.0
percent 1.0..2.0 1.0..4.0 1.0..2.0 2.0..3.0
Neutrophils,
percent B B B B
Young 0 0 0 0
10 10 2.0 10
Rodshapad 11 50 | 10.20 | 10.30 |10.20
21.0 210 21.0 23.0
Segmentedaoe 15, ) 930 | 16.0..27.0 | 19.0...22.0 | 21.0..24.0
Lymphocytes,  |69.0 65.0 69.0 66.0
percent 67.0..71.0 | 61.0..690 | 67.0..71.0 | 66.0..70.0
7 9 6 7
Monocyt,
percent 6.0.80 |50.120 |50..90 6.0..8.0

The blood glucose content of rats on day 7 was
increased by 31.5 % however, on day 14, blood glucose
levels were not elevated compared to intact animals.
This is apparently due to hyperglycemia due to the
body's stress response at the end of the early
postoperative period. ALT activity and urea content
were increased only on the 7"day by 15.2 and 14.6 %,
on the 14™ day the enzyme activity decreased to the
level of intact animals. The Fe content was increased on
the 7"day by 23.7 % compared with intact animals, on
the 14™day the Fe content decreased to the level of
intact rats. Changes in biochemical markers in the group
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The content of total protein, urea, total bilirubin and
the activity of aminotransferases (ALT and AST) during
the experiment did not differ from those in intact
animals. Glucose content was increased on 7" day after
implantation by 20.3 %, which is apparently due to the
stress response of the body at the end of the early
postoperative period by analogy with rats, which were
implanted without coated magnets.

At day 45, the biochemical parameters in both
groups of rats did not differ from those of intact
animals, which are apparently due to the formation of a
connective tissue capsule around the implants, which
prevented the development of local and general
reactions.

Thus, it should be noted that the effect of saliva and
the presence of bacteria in the oral cavity increases the
corrosion of magnets. Therefore, it is extremely
necessary to use coatings for magnets for further use in
dentistry. After all, the coating demonstrates in dental
practice much better biological properties in relation to
tissues and the absence of negative morphological
changes, such as necrosis and demineralization of bone
tissue. It is expected that the development of the coating
and its application will significantly improve the life of
the implant and its quality for use in modern
orthodontics.
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Table 3
Dynamics of biochemical parameters of the blood of
rats after subcutaneous implantation of magnets without
a protective coating (Me, 25...75 %)

Days after implantation
Indicators Intact
rats, N=7
7 14 45
Glycoproteins, [1.15 1.46* 1.25%0 1.14 ¢
g/L 1.13..1.18 | 1.38..158 | 1.23..1.36 1.03..1.22
Total protein, [71.20 75.60 68.70 68.30
g/L 69.80..72.30 | 6605.808 | 65.65..7040 | 66.95..72.2
Glucose, 5.40 7.10* 6.00 5.10
mmol/L 5.25..5.60 | 6.50..7.95 | 5.25...7.30 4.75..5.85
Urea, 4.10 4.70* 4.20 4.00
mmol/L 3.90..4.15 | 460.500 | 3.60..4.75 3.90...4.20
ALT activity, 66.0 76.0* 64.0 ¢ 67.0
u/L 64.0..69.5 | 720..840 | 59.5...68.0 63.0...72.0
AST activity, [127.0 121.0 128.0 129.0
u/L 1205..1305 | 1080.1475 | 1205..1345 | 1220..1345
Total bilirubin, #.10 4.20 4.40 4.20
pumol/L 3.85..4.15 | 370.450 3.90...4.80 3.95...4.40
Fe, 35.00 43.30* 31.400 37.00
pmol/L 32.50..36.55 | 4035.4700 | 3045..38.60 | 37.70..3840

Notes: * — probably Wilcoxon (p < 0.05) compared to intactrats;
O — probably Wilcoxon (p < 0.05) compared to 7 days.

Table 4

Dynamics of biochemical parameters of rat blood after

subcutaneous implantation of magnets with a protective
coating (Me, 25...75 %)

CONCLUSIONS

1. Indicators of the general clinical analysis of blood
after implantation of magnets with and without
protective ZrN coating did not change in comparison
with intact animals that testify to absence of toxic
influence of implants on a hemocytopoiesis.

2. The content of iron on the 7", 14", and 45" day of
the experiment in the blood of rats, which were
implanted with coated magnets, did not change, which
is due, in our opinion, the lack of iron into the
bloodstream by applying a protective ZrN coating on
the surface of the magnet (implant).

3. Rats with uncoated implants have a moderate
reaction of the liver parenchyma (increased ALT
activity) and an increase in urea levels on the
background of an increase in the concentration of iron
in the blood on day 7, but on day 14 these values
normalized, but the inflammatory reaction to the
implant  persisted leading to increased blood
glycoproteins — markers of the inflammatory process; at
day 45, the biochemical parameters of the blood did not
differ from those of intact animals.

4. Thus, according to the results of the study of
biochemical markers of rat blood after the introduction
of coated and uncoated implants, we can conclude that
ZrN protective coating is able to prevent the release of
iron and reduce the toxic response of animals to the
introduction of a magnetic implant.
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KJIAHUYECKAW AHAJIA3 KPOBH IMOCJIE TOJAKOKHOW UMIIJIAHTAIIMM Nd-Fe-B-MATHUTOB
C 3AIIUTHBIMHU INOKPBITUSAMMU PVD ZrN

B.U. Kyyeenax, CJI. Cmapuxosa, A.B. Tapan, H.A. Mucupyk, B.B. Cmapukos, A.A. Bamypun,
H.B. Konomonckas, JI.H. /{ywuk, H.B. Yeprosa

O dekTHBHOCTh NEUCHUS PA3IMYHBIX AHOMAJHIA MPHUKYCa MOXXHO IOBBICUTH C MOMOIIBIO OPTOIOHTHYCCKUX
amnmapaToB Ha OCHOBE MOCTOSIHHBIX MarHUTOB. CyIIECTBEHHBIM HEJAOCTATKOM MAarHUTHBIX MATCPUANIOB SBIIACTCS UX
HU3Kas KOPPO3HOHHAS CTOMKOCTh, KOTOPYHO MOXKHO YJIYYIIUTh IyTEeM HAHCCCHHS HA MAarHUTHI Pa3JIUYHBIX
3alIUTHBIX MOKPBITUH PVD, mpuBOAAIIMX K MACCHBAIMK MTOBEPXHOCTH MarHUTHOTO Marepuaia. OIEHCHO BIIHSHHC
marautoB Nd-Fe-B ¢ 3ammrabeiM mokpeitieM ZrN u 6e3 Hero mociie MOAKOKHON HMMIUIAHTAIlMK KpbICaM Ha
Pe3yNbTaThl JTAOOPATOPHOTO aHAH3a KPOBH.

KJITHIYHU AHAJI3 KPOBI IICJA NIAMKIPHOT IMIITAHTAIIT Nd-Fe-B-MATHITIB
13 3AXUCHUMMU NOKPUTTSIIMMU PVD ZrN

B.I. Kyyeenak, CJI. Cmapikosa, A.B. Tapan, 1.0. Micipyk, B.B. Cmapikoe, O.A. bamypin,
H.B. Konomoncoka, JI.M. /Ilywmuk, H.B. Yepkoea

EdexTuBHICTS NTIKYBaHHS pI3HHX aHOMAJTiH NPUKYyCy MOXHA MiABHIIUTH 3a JOTIOMOTOI OPTOJOHTHYHHIX
amapaTiB, Ha OCHOBI ITOCTIHHMX MarHiTiB. AJie CYTTEBHM HEJOJTIKOM MarHiTHHX MaTepiajiB € iX HU3bKa KOpO3ilHa
CTIMKICTh, Ky MO)KHA 3amoOIrTH HAHECCHHSM Ha MAarHITH Pi3HMX 3aXHUCHHX NOKpHUTTIB PVD, mo BemyTh mo
macuBallii MOBEpPXHi MarHiTHOro Matepiany. OnineHo BrumB MarHiTiB Nd-Fe-B i3 3axucHum nokpurtsim ZrN Ta 6e3
HBOTO TICIIS MiAMKIpHOI IMIUTaHTAIIT IITypaM Ha pe3yIbTaTH JTa00paTOPHUX aHAIi3iB KPOBI.
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