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Innovative Laser Technology in Dentistry
Micheil G. Toumassian, Serge G. Toumassian, Elena A. Satygo

North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia

ABSTRACT

In recent decades, laser technology has been widely used in medicine, particularly in dentistry, resulting in significant
advancements in various aspects of clinical practice. Laser technology is becoming increasingly popular due to such char-
acteristics as high accuracy, minimal invasiveness, and wide range of applications. The literature search was performed
in the databases PubMed, Scopus, and Web of Science. The analysis included studies published in peer-reviewed jour-
nals, which assessed the use of laser technology in dentistry. The latest advancements and trends in the field were re-
viewed. The role of laser technology in the diagnosis, treatment, and regeneration of dental and periodontal tissues is
discussed, as well as various types of lasers used in dentistry and their applications for dental procedures. The review
revealed a wide range of laser technology applications in dentistry, including the diagnosis of dental caries, dental tis-
sue preparation, endodontic treatment, periodontology, and esthetic dentistry. Laser technology ensures high accuracy,
minimal thermal injury, and improved clinical outcomes compared to conventional treatment options. Laser technolo-
gy opens up new opportunities in all aspects of dentistry and postoperative care. It improves the efficacy and comfort
during various dental procedures. Advancements in this area provide new possibilities for the use of laser technology
in dentistry in the future.

Keywords: laser; dental laser; laser diagnosis; treatment of oral pathologies; innovative approaches.
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MHHOB&I.IMOHHOE ucnoJjib3oBaHue sia3epa B CroMaToJiorum
M.T. TymacsH, C.I. TymacsH, E.A. Catbiro

CeBepo-3anafHbli rocyaapcTBeHHbI MeAUUMHCKUIA YHuBepeuTeT UM. W.W. Meununkosa, CaHkT-[leTepbypr, Poccus

AHHOTALNA

3a nocnepHue AECATUNETUA Na3epHble TEXHOMOTWM MOAYYMIM PacrpocTpaHeHue B MEOMUMHCKON NpaKTUKe, 0COBEHHOo
B CTOMATO/I0MMM, 4TO MPUBENO K CYLLECTBEHHBIM U3MEHEHUAM B PasfiNyHbIX acMeKTax KIMHUYECKOro npuMeHeHus. PocT uc-
Mo/b30BaHUs N1a3epoB B CTOMAToAOrMM 006yCnoBAEH MX XapaKTePUCTMKaMK: BbICOKOW TOYHOCTbH), MUHMUMANbHON WHBA3WB-
HOCTbIO, LUMPOKMMM BO3MOXKHOCTSMW MpuMeHeHus. Mouck nutepatypbl ocywecTensics B 6asax faHHbix PubMed, Scopus,
Web of Science. B BbIbOpKy Obinv BKIKOYEHbI CTaTb, OMYONMKOBAHHbIE B PELIEH3UPYEMbIX JYPHaNax ¥ NOCBALLEHHblE UC-
Mosb30BaHMI0 N1a3epHbIX TEXHONOrMM B ctomatonorvu. 0630p oxBaTbiBaeT NocnefHWe AOCTUXKEHWUS U TEHAEHUMW B 3TOM
obnactu. PaccMatpuBaeTcs posib Nla3epa B AMArHOCTUKE, JIEYEHUM W pereHepaumv TKaHel 3yba M NapofoHTa, pasnuuHble
TUMbI N1a3epoB, LIMPOKO MCMoSb3yeMble B CTOMAToNorM, 0bcyxaaeTcs ux npuMeHeHWe B CTOMATOOMMYECKUX MpoLiefypax.
0630p BbISBUI LLIMPOKMIA CNEKTP MPUMEHEHNS JTa3epHbIX TEXHONOTWIA B CTOMATONIOMH, BKITKOYas AWMarHOCTUKY Kapueca, npe-
napupoBaHue TKaHel 3yba, 3HLOLOHTMYECKOE NeYeHue, MapofOHTONONMI, 3CTETMYECKY cTomaTonoruio. Jlasepsl obecne-
UMBAKOT BbICOKYH0 TOYHOCTb, MUHUMAJILHOE TEPMUYECKOE MOBPEXAEHUE U YIYYLLEHHbIE KIMHWYECKUE Pe3ynbTaTbl N0 CpaB-
HEHWUKO C TPAAULMOHHBIMU METOLaMM fnedeHus. JlasepHble JOCTUKEHUA OTKPbLIIM HOBblE BO3MOXHOCTM BO BCEX acMeKTax
CTOMATO/I0MMM M NOCNeonepaLumnoHHoro yxoaa. J1asepbl cnocobHbl ynyunTs 3dhdeKTMBHOCTL U YpoBEHb KoMdopTa pasnuy-
HbIX CTOMATONIOrMYeckux npoueayp. Mccnenosanns v paspaboTku B 3T0M 06/1aCTM paciLMpsoT BO3MOXHOCTU NPUMEHEHUS
NasepHbIX TEXHONOMMN B CTOMATonorum B byayLuem.

Kniouesble cnoBa: nasep; nasepHas CTOMATONOrWs; Nla3epHas AMarHOCTMKa; fledeHue 3aboieBaHWMi MonocTu pra;
WHHOBALMOHHbIE METOAbI.
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INTRODUCTION

Lasers have been widely employed in dentistry since
their introduction in the 1960s. The term “laser” is an
abbreviation for Light Amplification by Stimulated Emis-
sion of Radiation. Thus, a laser can be defined as a de-
vice that generates light energy during light intensifica-
tion by forced emission of electromagnetic radiation [1].
Photons in a laser beam are coherent, with phase am-
plification (standing wave) by radiation of a certain
wavelength (monochromatic radiation). For more than
two decades, lasers have been especially effective in
dentistry due to the continuous wave mode [2]. Lasers
are widely used in dentistry for a variety of procedures
[3, 4] due to their simplicity, efficacy, and convenience,
as well as other advantages over conventional tech-
niques (such as non-contact action, minimal invasive-
ness, low systemic toxicity, selective action on abnormal
tissues, hemostasis, faster healing, and lower risk of
postoperative infections). They can be used for diagnos-
tic tests and work with hard tissues, as well as during
surgeries and for the treatment of dental materials [5].
Lasers are used in conservative dentistry, endodontic
treatment, periodontology, implantology, dental surgery,
and so on [6].

STUDY AIM. To review modern applications of lasers
in dentistry, including the role of lasers in the diagnosis,
treatment, and regeneration of dental and periodontal tis-
sues, various types of lasers used in dentistry, and their
use during dental treatment procedures.

MATERIALS AND METHODS

The review was based on a search of relevant Rus-
sian and international literature in the leading scientific
databases PubMed, Scopus, and Web of Science. The re-
view included original studies, review articles, and case
reports. Relevant articles were identified using the fol-
lowing search terms: laser dentistry, dental laser, laser
application in dentistry, laser therapy in dentistry, inno-
vative laser technology in dentistry, laser classification,
etc. Peer-reviewed articles were included. The review
allowed identifying the key areas of laser application in
dentistry and assessing the efficacy and safety of laser
technology, as well as the prospects for laser dentistry
development in the near future.

RESULTS AND DISCUSSION

Classification of lasers

Lasers in dentistry can be classified by the active me-
dium, which includes solid-state, diode, gas, and semi-
conductor lasers. Moreover, they can be classified by
wavelength, which includes erbium lasers, neodymium-
doped yttrium aluminum garnet (Nd:YAG) lasers, carbon
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dioxide (CO,) lasers, and argon lasers. Lasers can also be
classified by their application: for example, there are soft
tissue lasers for procedures such as gum contouring and
hard tissue lasers for cavity preparation and tooth abla-
tion. Furthermore, lasers can be classified by damage to
the skin or eyes after prolonged exposure. In complex
cases, combinations of different wavelengths ensure the
high efficacy of dental treatment [7].

In dentistry, laser radiation is generated using a va-
riety of substances such as erbium, carbon dioxide, and
neodymium. Moreover, various combinations are used,
such as yttrium aluminium garnet (YAG) and yttrium
scandium gallium garnet (YSGG), as well as excimer,
argon, and diode lasers. Each of them emits light of a
specific wavelength [8]. Table 1 presents the classifica-
tion of lasers according to their wavelength and the effect
on target tissues.

Lasers as a diagnostic tool

Dental probing, the conventional method of diagnosing
dental caries, can damage the enamel and cause caries.
Diode lasers, such as the KaVo-Diagnodent (KaVo, Ger-
many) with a wavelength of 655 nm, can be used as an
alternative diagnosis method. These lasers enable early
detection of dental caries by laser-induced fluorescence.
Dental cavities emit a stronger fluorescence, making it
possible to accurately determine their location. More-
over, this method allows for the monitoring of hard tooth
tissue demineralization and remineralization, as well as
the detection of interproximal and occlusal lesions under
fillings and fissure sealants in the interdental space.

Laser Doppler flowmetry, which is based on the Dop-
pler effect, is a modern additional tool for diagnosing
microcirculatory disorders in periodontal tissues. A flow-
meter can probe the examined area by reflecting laser
radiation emitted by blood cells, particularly red blood
cells [11]. This method allows assessing the vascular
permeability in periodontal tissues and detecting early
tissue ischemia, which may result from abnormal denti-
tion (crowding) or orthodontic treatment. Tissue ischemia
is caused by microcirculatory disorders, which result in
inadequate oxygen supply and, eventually, periodontal
tissue damage [12]. Moreover, this method enables as-
sessing the revascularization of damaged teeth. He-Ne
and GaAlA diode lasers are used, with a low power of
Tor2mW[13].

Advancements in laser-induced fluorescence tech-
nologies have resulted in a new diagnostic tool: Raman
spectroscopy [14]. Raman spectroscopy identifies organic
molecules using inelastic light scattering spectra. It is
one of the most precise analytical procedures for organic
and inorganic compounds. Raman radiation can be used
to assess both healthy and damaged teeth; it allows
determining the degree of hard tissue mineralization
or demineralization.
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Table 1. Wavelength of applied laser radiation and the target tissue
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Taﬁnuua 1. [lnnHa BonHbI MCNOJIb3yeMOoro sla3epHoro u3ny4yeHna U TkaHb, Ha KOTOPYK OHO HanpasJ/ieHo

Wavelength, nm

Laser type Pulse mode Chromophores used Target tissue
Pigment
Diode laser 850-1064 Hemoglobin
Melanin
Pigment Gum, mucous membranes
Neodymium-doped yttrium aluminum .
garnet (Nd:YAG) laser 1064 Hemoglobin
Melanin
Water
Erbium laser (Er:YAG) 2940
Hydroxyapatite Enamel, dentin, bone
. Water Gum, mucous membranes
Solid-state lasers (Er, Cr:YSGG) 2860 _ _
Hydroxyapatite Enamel, dentin, bone
Gum, mucous membranes
Carbon dioxide (CO,) 10640 Water

Enamel, dentin, bone

Advantages of lasers in dentistry

Unlike conventional surgical techniques, laser treat-
ment of blood and lymphatic tumors of the oral cavity
and vermilion ensures effective healing without anatomi-
cal changes [18]. The tissue biopotential of specific laser
wavelengths ensures successful ablation of painful areas
of the mucosa in lichenoid diseases [19]. Laser light can
effectively disinfect infected areas of the oral cavity and
successfully treat viral tumors [20]. Moreover, lasers of-
fer numerous advantages in orthopedic surgery. Laser
treatment does not require postsurgical sutures, thus
preventing deformation of surgical sites and preserving
the length of the vestibular system. In patients with re-
movable dentures, laser treatment of tumors or gingival
hyperplasia also does not require wound suturing, thus
preserving (and in some cases extending) the length of
the vestibular system, which is critical for denture stabi-
lity and fixation [21].

In dental surgery, diode lasers are considered the best
option due to their wide range of applications, high reli-
ability, and intuitive control. A diode laser with a wave-
length of 810 nm can significantly improve the outcomes
of surgical treatment in patients with various oral and
maxillofacial pathologies, including precancer conditions,
tumors, and inflammations [22, 23].

Clinical and immunological evidence suggests that
laser therapy activates the body’s local defense mecha-
nisms by stimulating secretory, humoral, and cell fac-
tors. Moreover, the analysis of peripheral white blood
cell populations shows the absence of inflammation, in-
toxication, and immunodeficiency following laser treat-
ment [24].

DOl https://doiorg/1017816/uds635366

According to research findings, diode lasers in combi-
nation therapy of periodontal inflammation improve qual-
ity of life due to decreased intensity of pain, absence of
functional limitations, short rehabilitation and recovery
period, and much shorter treatment duration [25, 26].

Laser treatment of hard tooth tissues (enamel and
dentin)

Lasers can remove infected and softened dentin in
dental caries just as well as dental drills. However,
Er:YAG lasers ensure a lower vibration exposure. They
provide effective and safe removal of dental caries and
cavity preparation, preserving the tooth structure without
increasing the temperature around the nerve. Moreover,
they can safely remove defective composite restorations
and cement [27].

A strong fluorescent signal of bacterial porphyrins
in dental calculus allows for the effective use of Er:YAG
lasers for scaling. These lasers effectively eliminate bac-
teria, including pathogens of periodontal disease such as
Porphyromonas gingivalis and Actinobacillus actinomy-
cetemcomitans [28].

In 1999, YSGG lasers were approved for the treatment
of class -V cavities and removal of dental caries; shortly
thereafter, they were also approved for these procedures
in children. Moreover, the majority of hard tissue proce-
dures do not require injection anesthesia, as a laser acts
on the cell level and suppresses the pain response.

YSGG lasers provide high-precision treatment of pits
and fissures on the occlusal surfaces of molars, promot-
ing the development of micro- and minimally invasive
dentistry [29].
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Lasers have recently become widely used for the pre-
vention of dental caries on sub-ablation levels, where the
energy is sufficient for changes in enamel structure but
insufficient for tissue ablation. In the early 1980s, it was
discovered that laser radiation can alter the structure of
surface enamel tissues. An interaction between a laser
and the enamel on sub-ablation levels results in a rapid
increase in surface temperature from 100°C to 1,600°C,
causing alterations in tissue structure [30].

Laser radiation interacts with water and hydroxyapa-
tite, which are enamel chromophores. Following radiation
exposure, the water content in the enamel decreases, es-
pecially around hydroxyapatite crystals, reducing tissue
permeability, which includes the entry of acids produced
by dental caries bacteria. Moreover, radiation alters the
chemical composition of hydroxyapatite, increasing the
amounts of calcium and phosphate while decreasing
the amount of carbonate. These alterations improve the
chemical stability of hydroxyapatite, increasing its crys-
tallinity and improving the structural properties of the
enamel [31].

Lasers have demonstrated additional advantages
in vitro, such as increased fluorine uptake by the enamel
and improved sealant fixation when used in combination
with an acid gel for enamel pit and fissure etching [32].

Lasers increase the efficacy of endodontic treatment
by emitting radiation that effectively disinfects the end-
odontic system and removes debris and smear layers
form the root canal. Lasers emit heat, which provides
high bactericidal activity, resulting in the evaporation
of water, which is found in large amounts in bacterial
cells. This destroys the bacterial cell wall and eventually
disrupts the osmotic equilibrium, leading to cell death.
Dentinal tubules have a small diameter, limiting antisep-
tic liquid penetration to a depth of 100 nm, while micro-
organisms can enter dentin to a depth of up to 700 nm.
Lasers can solve this problem, as their penetrating ca-
pacity exceeds these limitations [8, 33].

Use of VistaCam intraoral cameras

The use of near-infrared reflection (NIRR) for the
diagnosis of approximal caries in posterior teeth has
recently become the focus of growing interest. Fluores-
cence-technology based VistaCam iX and VistaCam iX HD
cameras (Dirr Dental, Germany) have been developed for
this purpose. These cameras are multifunctional: they
have attachments for intraoral images (Cam), optimal
120x magnification images (Macro), diagnosis of caries
of proximal tooth surfaces (Proxi), and diagnosis of car-
ies and dental plaque (Proof) [34]. The device has two
infrared emitting diodes with a wavelength of 850 nm,
a power output of 6 mW, and a light spot of 7 x 9 mm
to illuminate adjacent portions of two teeth. A semicon-
ductor sensor is installed between the infrared emitting
diodes to record reflected light. After that, a digital image
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is made and displayed on the monitor in a black-and-
white mode, using imaging software DBSWIN or VistaSoft
(Diirr Dental, Germany) [35].

Ahrari et al. found that the Proxi attachment of the
VistaCam iX system had high sensitivity for detecting ear-
ly approximal caries in permanent posterior teeth; how-
ever, its use was associated with a significant number
of false positive results and a very low specificity [36].
Thus, NIRR is not suitable for the detection of approxi-
mal surfaces without caries. Overall, NIRR showed low
accuracy in the detection of approximal caries. When de-
tecting approximal caries in permanent posterior teeth,
laser-induced fluorescence outperformed NIRR in terms
of diagnostic accuracy. However, the authors concluded
that VistaCam iX Proxi cannot be considered suitable for
the diagnosis of approximal caries.

Use of quantitative light-induced fluorescence

Quantitative light-induced fluorescence (QLF) is widely
used in dentistry to assess the enamel state during vari-
ous procedures. It allows for a quick, objective assess-
ment of oral hygiene, as well as monitoring of enamel
demineralization and remineralization over time without
damaging the enamel. QLF provides dentists and dental
hygienists with new opportunities by ensuring early de-
tection of pathologies, enamel assessment, dental plaque
detection without staining, detection of hidden caries,
tooth cracks, and dental calculus, and assessment of oral
hygiene [37]. According to Lytkina and Zeibert [38], QLF
is a more informative approach to the diagnosis of dental
caries than conventional techniques (visual examination
and probing). QLF increased the detection rate of dental
caries by 17%.

Lasers in the treatment of oral mucosa and
temporomandibular joint dysfunction

Tiunova and Lyubomirsky [39] presented data on laser
treatment of oral mucosa. The study showed that the use
of a diode laser with a wavelength of 810 nm for laser
thermoablation, in combination with a collagen-based
product in the postoperative period, during combination
treatment of verrucous leukoplakia provided good clinical
outcomes: complaints resolved, and epithelialization was
observed during follow-up examination.

Puzin et al. [40] performed treatment in 175 patients
with temporomandibular joint dysfunction. Pain is one of
the primary symptoms of this disorder; in some cases,
it is accompanied by jaw popping or limited jaw move-
ment. The treatment included orthopedic therapy, drug
therapy, and physiotherapy approaches, such as laser
diagnosis and helium-neon laser therapy. This combina-
tion therapy effectively decreased the severity of pain
and promoted masseter muscle recovery. Moreover, the
helium-neon laser allowed the detection of trigger points
and provided effective treatment of myofascial pain.
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CONCLUSION

The use of lasers in dentistry is an effective, mod-
ern approach to the treatment of oral pathologies. Laser
therapy offers numerous advantages, including no bleed-
ing, minimum pain and discomfort, fast tissue healing,
and no risk of infection. Lasers provide a highly accu-
rate and mild impact on affected areas while preserving
healthy tissues.

Laser technologies in clinical dentistry are highly ad-
vanced and offer the potential for further development.
Laser-induced photochemical reactions have a wide
range of potential applications, including effects on spe-
cific pathogens and cells. The wide use of lasers will
dramatically change treatment planning in dentistry in the
near future. This technology has changed the approach to
dentistry by improving comfort and efficacy of treatment,
as well as by providing quick results and increasing the
predictability of treatment outcomes.

ADDITIONAL INFORMATION

Authors’ contribution. Thereby, all authors made a substantial
contribution to the conception of the study, acquisition, analysis,
interpretation of data for the work, drafting and revising the ar-
ticle, final approval of the version to be published and agree to
be accountable for all aspects of the study. The contribution of

REFERENCES

1. Cotler HB, Chow RT, Hamblin MR. The use of low level laser
therapy (LLLT) for musculoskeletal pain. MOJ Orthop Rheumatol.
2015;2(5):188-194. doi: 10.15406/mojor.2015.02.00068

2. Verma SK, Maheshwari S, Singh RK, Chaudhari PK. Laser in den-
tistry: An innovative tool in modern dental practice. Nat J Maxillofac
Surg. 2012;3(2):124-132. doi: 10.4103/0975-5950.111342

3. Bazikyan EA, Chunikhin AA, Syrnikova NV, et al. Clinical ap-
plication of a new laser device in dental practice. Journal of new
medical technologies, E-edition. 2020;(4):6—10. EDN: VRPORH
doi: 10.24411/2075-4094-2020-16652

4. Saltzman B, Sigal M, Clokie C, et al. Assessment of a novel al-
ternative to conventional formocresol-zinc oxide eugenol pulpatomy
for the treatment of pulpally involved human primary teeth: diode
laser-mineral trioxide aggregate pulpotomy. Int J Paediatr Dent.
2005;15(6):437-447. doi: 10.1111/j.1365-263x.2005.00670.x

5. Tzanakakis E-GC, Skoulas E, Pepelassi E, et al. The use of la-
sers in dental materials: A review. Materials. 2021;14(12):3370.
doi: 10.3390/ma14123370

6. Pagano S, Lombardo G, Orso M, et al. Lasers to prevent den-
tal caries: a systematic review. BMJ Open. 2020;10(10):e038638.
doi: 10.1136/bmjopen-2020-038638

7. Imre MM, Celebidache A, Totan A, Tancu AMC. The use of
dental lasers in new therapeutic approaches. Rom J Stomatol.
2019;65(3):254-257. doi: 10.37897/rjs.2019.3.3

Tom 2, N2 3, 2024

DOl https://doiorg/1017816/uds635366

VHMBGDCMTQTCHGH CToMartonormd
M HeI0CTHO-NTMUeBan xmpyprma

each author: M.G. Toumassian — gas chromatography—-mass
spectrometry, data analysis, writing the main part of the text;
S.G. Toumassian — experimental design, collecting and prepara-
tion of samples, writing the main part of the text; E.A. Satygo —
preparation of samples.

Competing interests. The authors declare that they have no
competing interests.

Funding source. This study was not supported by any external
sources of funding.

AOMO/IHUTENNbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CyLLECTBEHHbIN BKMa4
B pa3paboTKy KOHLEeNnuuu, NpoBefeHWe WUCCIefoBaHUs W Moa-
TOTOBKY CTaTbu, MPOYNM U OA00pUNM huHambHYl0 Bepcuio nepef,
nybnukaumeit. JInunbiii Bknag kaxgoro astopa: M.I. TymacaH —
Xpomatorpamyeckoe UcCnefoBaHMe, aHanM3 MosyYeHHbIX AaH-
HbIX, HanncaHue TekcTa; C.I. TyMacaH — KoHLenuus 1 au3aiiH uc-
cnepoBaHus, cbop M 0bpaboTKa MaTepuanoB, HanMcaHue TEKCTa;
E.A. Catbiro — obpabotka MaTepuanos.

KoHdnukT nHTepecoB. ABTopbl feKnapupyloT OTCYTCTBUE SIB-
HbIX W MOTEHLMANbHBIX KOH(DIMKTOB MHTEPECOB, CBA3AHHBIX C My-
OnMKaLmMelnt HacToSALLEN CTaTb.

UcTounuk dmHancupoBaHus. ABTopbl 3asBnsI0T 06 OTCyT-
CTBMM BHELIHEro (GUHaHCMpPOBaHWUS NPW NPOBEAEHUM UCCNef0-
BaHuS.

8. Trishin MV. Laser application in endodontics. Derzhavin forum.
2020;4(15):208-214. EDN: UJYWTC

9. Tam LE, McComb D. Diagnosis of occlusal caries: Part Il. Recent
diagnostic technologies. J Can Dent Assoc. 2001;67(8):459—L464.

10. Hedge MN, Garg P, Hedge ND. Lasers in dentistry: an un-
ceasing evolution. J Otolaryngol Ent Res. 2018;10(6):422-448.
doi: 10.15406/joentr.2018.10.00395

11. Kalyuzhny NB. Measures of prevention of periodontal lesions in
orthodontic treatment of adolescents with crowded position of an-
terior teeth and disorders of soft tissues structure of the predental
cavity [dissertation]. Moscow: FGU “Central Research Institute of Sto-
matology”; 2006. 145 p. (In Russ.)

12. Adamovich El, Marymova EB, Makedonova SA. Applica-
tion of laser Doppler flowmetry in dentistry. In: Proceedings of
the International science and practice conferences: “Science in
modern society: patterns and trends of development”; 10 Nov
2017; Orenburg. Orenburg: SIC AETARNA; 2017. P. 173-177.
(In Russ.)

13. Samraj RV, Srinivasan M, Kumar. Recent advances in pulp vitality
testing. Endodontology. 2003;15(1):14-19.

14. Aleksandrov MT, Kukushkin VI, Polyakova MA, et al. Raman
fluorescence characteristics of hard dental tissues and their clini-
cal significance. Russian Journal of Dentistry. 2018;22(6):276—280.
EDN: UXJBYW doi: 10.18821/1728-2802-2018-22-6-276-280



https://doi.org/10.15406/mojor.2015.02.00068
https://doi.org/10.4103/0975-5950.111342
https://elibrary.ru/vrporh
https://doi.org/10.24411/2075-4094-2020-16652
https://doi.org/10.1111/j.1365-263x.2005.00670.x
https://doi.org/10.3390/ma14123370
https://doi.org/10.1136/bmjopen‑2020-038638
https://doi.org/10.37897/rjs.2019.3.3
https://elibrary.ru/ujywtc
https://doi.org/10.15406/joentr.2018.10.00395
https://elibrary.ru/uxjbyw
https://doi.org/10.18821/1728-2802-2018-22-6-276-280

REVIEWS

15. Kneipp K. Surface-enhanced Raman scattering. Physics Today.
2007;60(11):40—-L46. doi: 10.1063/1.2812122

16. Lungs AV, Mandra YV, Kiseleva DV. The method of Raman spec-
troscopy as a means of assessing the morphology of tooth surface
microrelief and the degree of mineralization of dental hard tissues.
Bulletin of USMU. 2015;(2-3):214-217. EDN: DABUMT (In Russ.)

17. Dmitrieva EF, Aleksandrov MT, Nurieva NS, et al. Experimental in-
vestigation of the effect of an ionizing radiation on the mineralization of
the enamel of various functional teams of the teeth as a possible etio-
logical factor of the emergency of radiative cares. Clinical dentistry (Rus-
sia). 2019;(4):20-23. EDN: EEINTN doi: 10.37988/1811-153X_2019_4_20
18. Genovese WJ, Rodrigues dos Santos MTB, Faloppa F, de
Souza Merli LA. The use of surgical diode laser in oral heman-
gioma: a case report. Photomed Laser Surg. 2010;28(1):147-151.
doi: 10.1089/pho.2008.2419

19. Loh HS. A clinical investigation of the management of oral
lichen planus with CO2 laser surgery. J Clin Laser Med Surg.
1992;10(6):445-449. doi: 10.1089/clm.1992.10.445

20. Bello-Silva MS, de Freitas PM, Corréa Aranha AC, et al.
Low-and high-intensity lasers in the treatment of herpes sim-
plex virus 1 infection. Photomed Laser Surg. 2010;28(1):135-139.
doi: 10.1089/pho.2008.2458

21. Kesler G. Clinical applications of lasers during remov-
able prosthetic reconstruction. Dent Clin. 2004;48(4):963-969.
doi: 10.1016/j.cden.2004.05.013

22. Zhuravlev AN, Tarasenko SV, Morozova EA. Advantages of the
diode laser in surgical treatment of patients with stomatological
diseases. Clinical dentistry (Russia). 2018;(4):44—45. EDN: YPHPDN
doi: 10.37988/1811-153X_2018_4_44

23. Morozova EA, Tarasenko SV, Zhuravlev AN, et al. Clini-
cal application of diode laser radiation for surgical treat-
ment of patients with dental diseases. LP. Pavlov Russian
Medical Biological Herald. 2018;26(2):268-279. EDN: XSNXJB
doi: 10.23888/PAVLOVJ2018262268-279

24. Choukroun E, Parnot M, Surmenian J, et al. Bone formation and
maintenance in oral surgery: the decisive role of the immune sys-
tem — a narrative review of mechanisms and solutions. Bioengi-
neering. 2024;11(2):191. doi: 10.3390/bioengineering11020191

25. Cobb CM. Commentary: is there clinical benefit from us-
ing a diode or neodymium: yttrium-aluminum-garnet laser in the
treatment of periodontitis? J Periodontol. 2016;87(10):1117-1131.
doi: 10.1902/jop.2016.160134

26. Krikun EV, Blashkova SL. Diode laser in dental practice.
Kazan medical journal. 2017;98(6):1023—-1028. EDN: ZTXDPT
doi: 10.17750/KMJ2017-1023

27. Louw NP, Pameijer CH, Ackermann WD, et al. Pulp histology
after Er: YAG laser cavity preparation in subhuman primates —
a pilot study. SADJ: J S Afr Dent Assoc. 2002;57(8):313-317.

CMUCOK JIUTEPATYPbI

1. Cotler H.B., Chow R.T., Hamblin M.R. The use of low
level laser therapy (LLLT) for musculoskeletal pain //

Vol. 2 (3) 2024

DOl https://doiorg/1017816/uds635366

Acta Universitatis Dentistriae
et Chirurgiae Maxillofacialis

28. Chaya DM, Pankaj G. Lasers in dentistry: a review. Int J Adv
Health Sci. 2015;2(8):7-13.

29. Sundaresan S, editor. Prevention, detection and manage-
ment of oral cancer. BoD-Books on Demand, 2019. 114 p.
doi: 10.5772/intechopen.79314

30. Fowler BO, Kuroda S. Changes in heated and in laser-irradiated
human tooth enamel and their probable effects on solubility. Calcif
Tissue Int. 1986;38:197-208. doi: 10.1007/bf02556711

31. Habibah TU, Amlani DV, Brizuela M. Hydroxyapatite dental
material. 2018. In: StatPearls. StatPearls Publishing, Treasure Is-
land (FL); 2023.

32. Lombardo G, Pagano S, Cianetti S, et al. Sub-ablative laser ir-
radiation to prevent acid demineralisation of dental enamel. A sys-
tematic review of literature reporting in vitro studies. Eur J Paediatr
Dent. 2019;20(4):295-301.

33. Burgonsky VG. Theoretical and practical aspects of lasers ap-
plication in dentistry. Modern dentistry. 2007;(1):10-15. (In Russ.)
34. Tyutyunikova VR, Mkrtychan AV. Optimization of diagnostics of
fissure caries in children. In: Proceedings of the science and prac-
tice conferences dedicated to the 50" anniversary of the Department
of Pediatric Dentistry and Orthodontics named after prof. E.Yu. Si-
monovskaya: “Provision of dental care to children”, 23-24 Apr 2020;
Perm. 2020. P. 104-108. (In Russ.)

35. Lederer A, Kunzelmann KH, Heck K, et al. In vitro validation of
near infrared reflection for proximal caries detection. Eur J Oral Sci.
2019;127(6):515-522. doi: 10.1111/€0s.12663

36. Ahrari F, Akbari M, Mohammadi M, et al. The validity of laser
fluorescence (LF) and near-infrared reflection (NIRR) in detect-
ing early proximal cavities. Clin Oral Investig. 2021;25:4817-4824.
doi: 10.1007/s00784-021-03786-y

37. Akulovich AV, Nikiforova GG, Korostelev AA, Matelo SK. Quantita-
tive light-induced fluorescence (QLF) for diagnosis of enamel condi-
tion during various dental procedures. Parodontologiya. 2023;28(1):
55-65. EDN: HUDYCX doi: 10.33925/1683-3759-2023-28-1-55-65

38. Lytkina AA, Zeybert AYu. Early diagnosis of fissure caries in children
using the QLF method. Scientist (Russia). 2022;(2):37-40. EDN: DFCWUJ
39. Tiunova NV, Lubomirsky GB. Experience in the use of laser
ablation and collagen-based drug in the complex treatment of ver-
rucous form of oral leukoplakia. Medical alphabet. 2020;(23):6-8.
EDN: YGFFJK doi: 10.33667/2078-5631-2020-23-6-8

40. Puzin MN, Dymochka MA, Stehle AA, et al. Magnetolaser therapy
for complex treatment of patients with syndrome of dysfunction in
the temporomandibular articulation. Bulletin of the All-Russian So-
ciety of Specialists in Medical and Social Expertise, Rehabilitation and
Rehabilitation Industry. 2018;(1):39-43. EDN: YVDSGD

MOJ Orthop Rheumatol. 2015. Vol. 2, N 5. P. 188-194.
doi: 10.15406/mojor.2015.02.00068

119


https://doi.org/10.1063/1.2812122
https://elibrary.ru/dabumt
https://elibrary.ru/eeintn
https://doi.org/10.37988/1811-153X_2019_4_20
https://doi.org/10.1089/pho.2008.2419
https://doi.org/10.1089/clm.1992.10.445
https://doi.org/10.1089/pho.2008.2458
https://doi.org/10.1016/j.cden.2004.05.013
https://elibrary.ru/yphpdn
https://doi.org/10.37988/1811-153X_2018_4_44
https://elibrary.ru/xsnxjb
https://doi.org/10.23888/PAVLOVJ2018262268-279
https://doi.org/10.3390/bioengineering11020191
https://doi.org/10.1902/jop.2016.160134
https://elibrary.ru/ztxdpt
https://doi.org/10.17750/KMJ2017-1023
https://doi.org/10.5772/intechopen.79314
https://doi.org/10.1007/bf02556711
https://doi.org/10.1111/eos.12663
https://doi.org/10.1007/s00784-021-03786-y
https://elibrary.ru/hudycx
https://doi.org/10.33925/1683-3759-2023-28-1-55-65
https://elibrary.ru/dfcwuj
https://elibrary.ru/ygffjk
https://doi.org/10.33667/2078-5631-2020-23-6-8
https://elibrary.ru/yvdsgd
https://doi.org/10.15406/mojor.2015.02.00068

120

0B30PHI

2. Verma SK., Maheshwari S., Singh RK., Chaudhari PK. La-
ser in dentistry: An innovative tool in modern dental prac-
tice // Nat J Maxillofac Surg. 2012. Vol. 3, N 2. P. 124-132.
doi: 10.4103/0975-5950.111342

3. bBasuksH A, HyHuxmH AA., CoeipHukosa H.B., n ap. Knuhu-
YecKoe MpYMEeHEHWEe HOBOMO J1a3epHOr0 YCTPOICTBAB CTOMATOSI0-
TMYecKoi npakTuke // BeCTHUK HOBbIX MeAMLMHCKMX TeXHOMo-
rvin. 3nektpoHHoe m3paHue. 2020. N2 4. C. 6-10. EDN: VRPORH
doi: 10.24411/2075-4094-2020-16652

4. Saltzman B., Sigal M., Clokie C., et al. Assessment of a
novel alternative to conventional formocresol-zinc oxide eu-
genol pulpotomy for the treatment of pulpally involved human
primary teeth: diode laser-mineral trioxide aggregate pulp-
otomy // Int J Paediatr Dent. 2005. Vol. 15, N 6. P. 437-447.
doi: 10.1111/.1365-263x.2005.00670.x

5. Tzanakakis E.-G.C., Skoulas E., Pepelassi E., et al. The use of
lasers in dental materials: A review // Materials. 2021. Vol. 14, N 12.
ID 3370. doi: 10.3390/ma14123370

6. Pagano S., Lombardo G., Orso M, et al. Lasers to prevent den-
tal caries: a systematic review // BMJ Open. 2020. Vol. 10, N 10.
ID e038638. doi: 10.1136/bmjopen-2020-038638

7. Imre MM, Celebidache A, Totan A, Tancu AM.C. The use of
dental lasers in new therapeutic approaches // Rom J Stomatol.
2019. Vol. 65, N 3. P. 254-257. doi: 10.37897/rjs.2019.3.3

8. TpuwmH M.B. MprmeHeHve nasepa B 3HA0A0OHTMM // [lepaBuH-
ckmin dopym. 2020. T. 4, N° 15. C. 208-214. EDN: UJYWTC

9. Tam L.E, McComb D. Diagnosis of occlusal caries: Part Il. Re-
cent diagnostic technologies // J Can Dent Assoc. 2001. Vol. 67, N 8.
P. 459-464.

10. Hedge M.N,, Garg P., Hedge N.D. Lasers in dentistry: an unceas-
ing evolution // J Otolaryngol Ent Res. 2018. Vol. 10, N 6. P. 422-448.
doi: 10.15406/joentr.2018.10.00395

11. KanoxHbii H.b. Mepbl npodunakTkn nopaxeHnin napoaoHTa
NPV OPTOLLOHTUYECKOM JIEYEHWM MOAPOCTKOB CO CKYYEHHBIM MOSI0-
KEHWEM nepeaHuX 3y60B M HapyLUEHWSIMW CTPOEHUS MAMKMX TKa-
Heil npeaaBepust NOMOCTU pTa: [MC. ... KaHAd. Mefl. HayK. MockBa:
OrY «LleHTpanbHbIi HayYHO-UCCNIEAOBATENBCKUIA UHCTUTYT CTOMa-
Tonorum», 2006. 145 c.

12. Apamosny E.N., MapbiMoa E.b., MakepoHosa 0.A. Tpume-
HeHWe NnasepHoi AOMMIEepOBCKON (HrIOYMETPUM B CTOMATONOMMW.
B KH.: COopHMK cTaTelt MexayHapoaHOM Hay4YHO-NPaKTUYECKOM
KOHdepeHUmm: «Hayka B COBpeMeHHOM 0BLLECTBE: 3aKOHOMEPHO-
CTV 1 TeHAeHUMM pa3BuTUs»; 10 Hosbps 2017; Openbypr. OpeHbypr:
HULL ASTAPHA, 2017. C. 173-177.

13. Samraj R.V,, Srinivasan M., Kumar. Recent advances in pulp vi-
tality testing // Endodontology. 2003. Vol. 15, N 1. P. 14-19.

14. Anexkcangpos M.T., Kykywkus B.MW., TMonskosa M.A., n ap.
PamaH-¢nioopecLieHTHble XapaKTepUCTVIKM TBEPAbIX TKaHen 3y-
60B ¥ UX KIMHWYecKoe 3HadyeHwe // Poccuiickuiz cTomatosno-
rudeckuin xypHan. 2018. T. 22, Ne 6. C. 276-280. EDN: UXJBYW
doi: 10.18821/1728-2802-2018-22-6-276-280

15. Kneipp K. Surface-enhanced Raman scattering // Physics Today.
2007. Vol. 60, N 11. P. 40-46. doi: 10.1063/1.2812122

Tom 2, N2 3, 2024

DOl https://doiorg/1017816/uds635366

VHMBEDCMTQTCHGH CToMartonormd
M HeI0CTHO-NTMUeBan xmpyprma

16. Jlerkmx A.B., MaHgpa 10.B., Kucenesa [1.B. MeToa paMaHOBCKO#
CMEKTPOCKOMNMM KaK CPeACTBO OLEHKM Mophosiorim MUKpopesbedha
MoBEpPXHOCTM 3yba, a TaKkKe CTeneHM MUHepanM3aLmm TBEpabIX TKa-
Hev1 3y6oB // BectHuk YTMY. 2015. N° 2-3. C. 214-217. EDN: DABUMT
17. Omutpuesa E.®., AnexcaHgpos M.T., Hypuesa H.C., u ap. Jkc-
NePUMEHTAsTbHOE UCCNElOBaHWE BAUSHUS OHU3MPYIOLLErO U3ny-
YEHWs Ha MMHEpanM3aumio 3Manu pasinuHbX QYHKUMOHAMBHBIX
rpynn 3yboB, KaK BO3MOXHbIMA 3TMONOMMYECKMIA (HaKTOP BO3HUKHO-
BeHwA Ny4eBoro kapueca // Knunndeckas ctomatonorus. 2019. N@ 4.
C. 20-23. EDN: EEINTN doi: 10.37988/1811-153X_2019_4_20

18. Genovese W.J., Rodrigues dos Santos M.T.B., Faloppa F., de Sou-
za Merli L.A. The use of surgical diode laser in oral hemangioma: a
case report // Photomed Laser Surg. 2010. Vol. 28, N 1. P. 147-151.
doi: 10.1089/pho.2008.2419

19. Loh H.S. A clinical investigation of the management of oral li-
chen planus with CO2 laser surgery // J Clin Laser Med Surg. 1992.
Vol. 10, N 6. P. 445-449. doi: 10.1089/clm.1992.10.445

20. Bello-Silva M.S., de Freitas P.M,, Corréa Aranha A.C., et al. Low-
and high-intensity lasers in the treatment of herpes simplex virus 1
infection // Photomed Laser Surg. 2010. Vol. 28, N 1. P. 135-139.
doi: 10.1089/pho.2008.2458

21. Kesler G. Clinical applications of lasers during removable pros-
thetic reconstruction // Dent Clin. 2004. Vol. 48, N 4. P. 963-969.
doi: 10.1016/j.cden.2004.05.013

22. Xypasnes A.H., Tapacenko C.B., Moposoa E.A. lpenmy-
LLecTBa AMOMHOrO fnasepa Mpu XMPYpruyeckoM fevyeHun na-
UMEHTOB CO CTOMaTonorMyeckumu 3abonesanuamu // Knu-
Huueckas ctomatonorma. 2018. N° 4. C. 44-45. EDN: YPHPDN
doi: 10.37988/1811-153X_2018_4_44

23. Mopo3oBa E.A., Tapacenko C.B., ypasnes A.H., v ap. KnuHuye-
CKOE MPUMEHEHIE U3MyYeHns IMOIHOM0 Jla3epa NS XMpypruyecko-
r0 JIeYeHUs NaLMeHTOB CO CTOMAaToNorMyeckumMm 3abonesaHnamm //
Poccuitcknin - MeMKO-OMONOrMYECKMA BECTHUK WMEHU aKafje-
muka WM. Masnosa. 2018. T. 26, N® 2. C. 268-279. EDN: XSNXJB
doi: 10.23888/PAVLOVJ2018262268-279

24, Choukroun E., Parnot M., Surmenian J., et al. Bone for-
mation and maintenance in oral surgery: the decisive role of
the immune system — a narrative review of mechanisms
and solutions // Bioengineering. 2024. Vol. 11, N 2. P. 191.
doi: 10.3390/bioengineering11020191.

25. Cobb C.M. Commentary: is there clinical benefit from using a di-
ode or neadymium: yttrium-aluminum-garnet laser in the treatment
of periodontitis? // J Periodontol. 2016. Vol. 87, N 10. P. 1117-1131.
doi: 10.1902/jop.2016.160134

26. KpukyH E.B., bnawkosa CJ1. lMoaHbIM nasep B CTOMATonoru-
yecKow npakTuke // KasaHckuii MeamumHeKniA ypHan. 2017. 7. 98,
N 6. C. 1023-1028. EDN: ZTXDPT doi: 10.17750/KMJ2017-1023

27. Louw N.P., Pameijer CH., Ackermann W.D,, et al. Pulp histo-
logy after Er: YAG laser cavity preparation in subhuman primates —
a pilot study // SADJ: J S Afr Dent Assoc. 2002. Vol. 57, N 8.
P.313-317.

28. Chaya D.M., Pankaj G. Lasers in dentistry: a review // Int J Adv
Health Sci. 2015. Vol. 2, N 8. P. 7-13.



https://doi.org/10.4103/0975-5950.111342
https://elibrary.ru/vrporh
https://doi.org/10.24411/2075-4094-2020-16652
https://doi.org/10.1111/j.1365-263x.2005.00670.x
https://doi.org/10.3390/ma14123370
https://doi.org/10.1136/bmjopen‑2020-038638
https://doi.org/10.37897/rjs.2019.3.3
https://elibrary.ru/ujywtc
https://doi.org/10.15406/joentr.2018.10.00395
https://elibrary.ru/uxjbyw
https://doi.org/10.18821/1728-2802-2018-22-6-276-280
https://doi.org/10.1063/1.2812122
https://elibrary.ru/dabumt
https://elibrary.ru/eeintn
https://doi.org/10.37988/1811-153X_2019_4_20
https://doi.org/10.1089/pho.2008.2419
https://doi.org/10.1089/clm.1992.10.445
https://doi.org/10.1089/pho.2008.2458
https://doi.org/10.1016/j.cden.2004.05.013
https://elibrary.ru/yphpdn
https://doi.org/10.37988/1811-153X_2018_4_44
https://elibrary.ru/xsnxjb
https://doi.org/10.23888/PAVLOVJ2018262268-279
https://doi.org/10.3390/bioengineering11020191
https://doi.org/10.1902/jop.2016.160134
https://elibrary.ru/ztxdpt
https://doi.org/10.17750/KMJ2017-1023

REVIEWS

29. Prevention, detection and management of oral cancer /
S. Sundaresan, editor. BoD-Books on Demand, 2019. 114 p.
doi: 10.5772/intechopen.79314

30. Fowler B.0., Kuroda S. Changes in heated and in laser-irradiated
human tooth enamel and their probable effects on solubility // Calcif
Tissue Int. 1986. Vol. 38. P. 197-208. doi: 10.1007/bf02556711

31. Habibah T.U., Amlani D.V., Brizuela M. Hydroxyapatite den-
tal material. 2018. StatPearls Publishing, Treasure Island (FL),
2023.

32. Lombardo G., Pagano S., Cianetti S., et al. Sub-ablative laser ir-
radiation to prevent acid demineralisation of dental enamel. A sys-
tematic review of literature reporting in vitro studies // Eur J Paediatr
Dent. 2019. Vol. 20, N 4. P. 295-301.

33. ByproHckwit B.I'. TeopeTuyeckyie 1 NpaKT1YecKme acneKTsl Npy-
MeHeHWs! Nla3epoB B cToMatonoriy // CoBpeMeHHast CTOMaTosorvst.
2007. N2 1. C. 10-15.

34. TioioHmkosa B.P., Mkptbiyan A.B. Ontumusaums AmarHo-
CTUKKN umccypHOro Kapueca y aeTei. B kH.: Matepuanbl HaydHo-
MpaKTUYecKo KoHdepeHumn, nocesAweHHon 50-neTuio Kade-
Opbl AETCKOM CTOMAToNorum v OpTOAOHTUM UMEHWM npodeccopa
E.f0. CumoHoBcKoM: «OKa3aHWe CTOMAaTosIorMyeckor noMoLLy ae-
TAMy; 23-24 anpens 2020; Mepwmb, 2020. C. 104-108.

35. Lederer A, Kunzelmann K.H., Heck K., et al. In vitro validation of
near infrared reflection for proximal caries detection // Eur J Oral Sci.
2019. Vol. 127, N 6. P. 515-522. doi: 10.1111/e0s.12663

AUTHORS' INFO

*Micheil G. Toumassian, student, North-Western State Medical
University named after Il Mechnikov; address: 41 Kirochnaya st.,
Saint Petersburg, 191015, Russia; ORCID: 0000-0001-8067-9735;
eLibrary SPIN: 7220-9284, e-mail: ToumassianMichel@gmail.com;
AuthorID: 1157234

* Corresponding author / ABTOp, OTBETCTBEHHBIN 3a NEPeniCKy

Vol. 2 (3) 2024

DOl https://doiorg/1017816/uds635366

Acta Universitatis Dentistriae
et Chirurgiae Maxillofacialis

36. Ahrari F., Akbari M., Mohammadi M., et al. The validity of la-
ser fluorescence (LF) and near-infrared reflection (NIRR) in de-
tecting early proximal cavities // Clin Oral Investig. 2021. Vol. 25.
P. 4817-4824. doi: 10.1007/s00784-021-03786-y

37. Akynosuny AB., Hukudoposa [.I., Kopoctenes AA., Mare-
no CK. Mcnonb3oBaHue MeTofia KOMMYECTBEHHOW CBETOMHAYLM-
poBaHHon ¢nyopecuieHumm (QLF) ans OMarHoCTMKKM COCTOSHWS
3ManM MpX PasfiNyHbIX CTOMATONOMMYECKMX BMELLIATeNbCTBaxX //
MapopoHTonorms. 2023. T. 28, N2 1. C. 55-65. EDN: HUDYCX
doi: 10.33925/1683-3759-2023-28-1-55-65

38. JlbitkuHa AA., 3einbept A0, PaHHss amarHocTvKa dumccypHo-
ro Kapveca y aeteit Metogom QLF // Scientist (Russia). 2022. N° 2.
C. 37-40. EDN: DFCWUJ

39. TuyrHosa H.B., JTobomupckmin 6. KnuHuuecknin cnyyain Kom-
MIEKCHOr 0 NIeYeHNs BepPYKO3HOM QOPMbI NEMKONAKMM CIM3UCTOM
060/104KM pTa € NPUMEHEHWEM la3epHOV abnaLmMmM 1 NpenapaTos Ha
0CHOBe KonnareHa // MeamumuHckuid andaewt. 2020. N2 23. C. 6-8.
EDN: YGFFJK doi: 10.33667/2078-5631-2020-23-6-8

40. MysvH MH., ObiMouka MA., Wrenne AA., n ap. Maruurtona-
3epHast Tepanuist B KOMMIEKCHOM NeYeHnn B0sTbHbIX C CMHAPOMOM
AVCOYHKLMM BUCOUHO-HIXKHEYEMIOCTHOrO cycTaBa // BectHuk Bee-
POCCUICKOr0 0BLLECTBA CMELMANUCTOB MO MeaMKo-COLManbHOM
3KCMepPTU3e, peabunnTaLmm 1 peabunmTaLmoHHon nHayctpum. 2018.
N 1. C. 39-43. EDN: YVDSGD

0b ABTOPAX

*Muxaun 'paubseBuy TymacsH, ctyneHt CeBepo-3anagHoro
roCyapCTBEHHOr0 MeMLIMHCKOrO YHUBEPCUTETa

um. .U, MeuHnkoBa; agpec: yn. KupouHas, 41, CankT-leTepbypr,
191015, Poccus; ORCID: 0000-0001-8067-9735;

eLibrary SPIN: 7220-9284; AuthorID: 1157234;

e-mail: ToumassianMichel@gmail.com

121


https://doi.org/10.5772/intechopen.79314
https://doi.org/10.1007/bf02556711
https://doi.org/10.1111/eos.12663
https://orcid.org/0000-0001-8067-9735
https://www.elibrary.ru/author_profile.asp?spin=7220-9284
mailto:ToumassianMichel@gmail.com
https://orcid.org/0000-0001-8067-9735
https://www.elibrary.ru/author_profile.asp?spin=7220-9284
mailto:ToumassianMichel@gmail.com
https://doi.org/10.1007/s00784-021-03786-y
https://elibrary.ru/hudycx
https://doi.org/10.33925/1683-3759-2023-28-1-55-65
https://elibrary.ru/dfcwuj
https://elibrary.ru/ygffjk
https://doi.org/10.33667/2078-5631-2020-23-6-8
https://elibrary.ru/yvdsgd

122

yHMBepCMTeTCRaﬂ CToMartonormd

OB30PbI Tom 2, N2 3, 2024 Y YeMI0CTHO-NIMLIEBAA XMPYPIUA
AUTHORS' INFO 0b ABTOPAX

Serge G. Toumassian, student; ORCID: 0000-0002-8439-585X; Cepx 'paubseBuy TyMmacsH, CTyAeHT;

eLibrary SPIN: 8218-1615; AuthorID: 1157146; ORCID: 0000-0002-8439-585X; eLibrary SPIN: 8218-1615;

e-mail: 79119800070@yandex.ru AuthorID: 1157146; e-mail: 79119800070@yandex.ru

Elena A. Satygo, MD, DR. Sci. (Med.), professor; Enena AnekcaHgpoBHa Catbiro, A-p Mef. Hayk, npodec-

ORCID: 0000-0001-9801-503X; eLibrary SPIN: 8776-0513; cop; ORCID: 0000-0001-9801-503X, eLibrary SPIN: 8776-0513;
AuthorID: 633735; e-mail: stom9@yandex.ru AuthorID: 633735; e-mail: stom9@yandex.ru

DOl https://doiorg/1017816/uds635366


https://orcid.org/0000-0002-8439-585X
https://www.elibrary.ru/author_profile.asp?spin=8218-1615
mailto:79119800070@yandex.ru
https://orcid.org/0000-0002-8439-585X
https://www.elibrary.ru/author_profile.asp?spin=8218-1615
mailto:79119800070@yandex.ru
https://orcid.org/0000-0001-9801-503X
https://www.elibrary.ru/author_profile.asp?spin=8776-0513
mailto:stom9@yandex.ru
https://orcid.org/0000-0001-9801-503X
https://www.elibrary.ru/author_profile.asp?spin=8776-0513
mailto:stom9@yandex.ru

YHMBEPCUTETCKARA CTOMATONOMMA
0B30PHI Tom 2, N2 3, 2024 Y YeMI0CTHO-NIMLIEBAA XMPYPIUA
123

DOI: https://doi.org/10.17816/udsé34485

"pMMEHEHMe MeéToAa KOHEeYHbIX 3JIeMEHTOB
B OPTOrHaTMYECKOW XUPYprum
H.B. Buwnéaa ', A.H. Nlanuna 2, M.A. ¥maiino 3, K.P. Tumepbynarosa *

! Mepbiit CaHKT-TeTepbyprcKuii rocy1apcTBeHHbIN MeNLIMHCKIN YHUBepCuTeT M. akap. V.M. Masnosa, CankT-Metepbypr, Poccus;
2 Cepepo-3ana/Hblit rocy1apCTBEHHbIN MeAMLIMHCKII yHuBepeuTeT uM. W.W. Meunnkosa, CankT-Tetepbypr, Poccus;

3 CankT-MeTepbyprckuin nonuTexHuyecknii yHusepcutet Metpa Bennkoro, CankT-Metepbypr, Poccus;

“ Hosropofckuit rocyaapcTBeHHbIN yHMBepcuTeT uMenm fpocnasa Myaporo, Benukuii Hosropoa, Poccus

AHHOTALNA

npep,CTaBJ'IEH 0630p BO3MOKHOCTE NPUMEHEHNA MeToAa KOHEYHbIX 3JIeMEHTOB B OPTOFHaTVI‘-IECKOﬁ XUpyprun. 5narop.apﬂ
YHUBEPCaNIbHOCTU U crnocobHocTm MO[enupoBaTb C/IOXKHYK0 reoMeTpuio 1 nony4vyatb 6bICprIe pe3ynbTatbl METO[, KOHEYHbIX
3/1eMeHTOB CTaJl BaXXHbIM UCCieaoBaTe/IbCKMM NHCTPYMEHTOM B CTOMATOJIOrMKU U UCNONIb3YeTCA A1 aHa/n3a Hal'lpﬂ)l(EHMﬁ
" ,u,edaopmaumﬁ B CJIOXHbIX MeXaHWYeCKNX CUCTEMaX U NO3BOJIAET BbIMOJIHATL MaTeMaTU4eCKoe npe06pa3OBaHme MU aHanu3
MEXaHUYECKMX CBOWCTB reoMeTpu4ecKoro obbekTa. B OpTOFHaTVI‘-IECKOﬁ XUpyprun MetTop, AeMOHCTPUPYET Takue npenMylie-
CTBa, KaK cBeAeHNe K MUHUMYyMY HeobxoaUmMocTu nposeaeHna oJMTeNbHbIX UCCNIeL0BaHUIN Ha KMBOTHBIX M HE3TUYHBIX UCMbI-
TaHWI Ha NoAAX, HEMHBA3MBHOCTb, BO3MOXHOCTb BU3Yyann3auun HaNoXKeHHbIX APYr Ha apyra CTPyKTyp, YNpoLleHne aHann3a
CBOMCTB MartepunanoB YesnCTHO-JINLEBbBIX CTPYKTYP U UX reoMeTpun, To4Hoe onpenesieHne Hanpae/ieHusa U BesIM4uHbl Npu-
NOXKEHHOI CUAbl, BO3MOXHOCTb TeopeTn4yecKoro n3MepeHna To4eK HanpAXeHus, HeM3MeHHOCTb ¢M3MLIECKVIX CBOWCTB OLe-
HMBaeMbIX MaTepunasnos, BO3MOXHOCTb DecKoHeyHoro NOBTOPEHMA TeCTa, a TaKKe CTaTU4eCcKoro N JUHaMM4eCKoro aHanusa.
K HepocTaTkaM MeTO[la MOXHO OTHECTM 3aBMCMMOCTb KayecTBa U AeTanen pesynbratoB OT VICI'IOJ'Ib3yeMOl7I Mpu pacyeTtax
TEXHUKU, HeobXo0aUMoCTb FJ'IY6OKOFO 3HaHUA MaTepuanoeefeHna, BEPOATHOCTb OLUMOOK BO BXO[HbIX A@HHbIX, CTAaTUCTUKE
MU UHTEepnpeTaunn pesynbTaTtos, HeobXxoaMMOCTb BNafieHUs CreumanbHbiIMU HaBbIKaMu pa60TbI C KOMNbOTEPOM, HEBO3MOXX-
HOCTb NPeanosioXXuTb AUHAMUKY U3MEHEHNA UCciieyeMblX CTPYKTYP. B uenoM, MeTo; KOHEYHbIX 3/IEMEHTOB XOPOLLO 3apeKo-
MeH[0Ban cebs B CTOMATONOMMM 1 OpTOFHaTquCKOﬁ XUpyprun ona peLleHuna BroMe ILIMHCKNX I'IpOﬁﬂEM.

KnioueBble cnoBa: MeToj, KOHEYHbIX 3JIEMEHTOB; KOMI'IbIOTEprIVI UHXWUHUPUHT,; Ll,VIdeOBbIe UCMbITaHUA; BUPTYaJlbHblE
UCNbITaHUA; BMOMEXaHUKa; OPTOrHaTU4yecCKaa XUpyprus; opToaoHTUA.
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ABSTRACT

The paper addresses the potential applications of the finite element method in orthognatic surgery. The finite element
method has become a valuable research tool in dentistry due to its versatility, capacity to simulate complex geometry,
and quick results. It is used for stress and strain analysis in complex mechanical systems and allows for the mathematical
transformation and analysis of mechanical properties of geometric objects. The advantages of the finite element method
in orthognatic surgery include reduced need for long-term animal tests and unethical tests in humans, noninvasiveness,
imaging of superimposed structures, simplified analysis of the materials and geometry of orofacial structures, accurate
determination of the direction and magnitude of the applied force, theoretical measurements of stress points, constant
physical properties of assessed materials, high repeatability of tests, as well as static and dynamic analysis. The disadvan-
tages of the method include the effect of the equipment used on the quality and details of findings, the need for extensive
knowledge of materials science, the risk of errors in input data, statistics, and interpretation of findings, the need for
advanced computer skills, and the inability to predict changes in assessed structures. Overall, the finite element method has
proven effective in addressing biomedical issues in dentistry and orthognatic surgery.

Keywords: finite element method; computing engineering; digital testing; virtual testing; biomechanics; orthognatic surgery;
orthodontics.
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0B30PHI

AKTYAJIbHOCTb

lMosiBNeHWe Pa3nMuHbIX MHHOBALMM, CBA3aHHBIX C Ha-
HOTEXHONOTUAMM, BUOMHXKEHEpPUER W OPYTUMU MONOALIMM
HayKamu, cnocobcTBOBano CTPEMMTENLHOMY Mepexoy CTo-
MaToJI0rvK Ha HOBbIN YPOBEHD.

CnusiHue BUONOTMYECKMX U MHKEHEPHBIX HayK nocpej-
CTBOM Pa3/IMYHbIX TEXHONOrMYECKUX pa3paboToK npuseno
K TOYHOMY MOHWMaHWIO NPUPOAbI M CBOMCTB TKaHem YenoBe-
Ka, a TaKxe MaTepuasnoB U MeTOAO0B, UCMONIb3YEMbIX B CTO-
MaTofiorM Ha MMKpOBMONIOrMYECKOM U YABTPaCTPYKTYPHOM
ypoBHsx. 0fiHa U3 TaKuMX TeXHONOrM4yeckux paspaboToK —
MeToJ, KOHeuHblx anemeHToB (MK3), KoTopbii cTan B cTO-
MaToNOrMM BaXKHbIM WCCNe0BaTENbCKAM WMHCTPYMEHTOM
ANs NOHUMaHUS NOBEAEHWUA pasnuuHbIX MaTepuanos. MK3
pa3paboTaH B 1956 rogy 1 cHauyana NpUMEHANCA B a3pOKOC-
MUYecKol TexHuke. [locTeneHHo, bnarogaps yHuBepcanb-
HOCTM M CMOCOBHOCTU MOAENMPOBaThb CIIOKHYK FeOMETPUIO
1 nonyyatb BbICTpble pe3ynbTathbl, OH MPOHUK B MEMLMHY.
MK3 ucnonb3yeTcs ans aHanusa HanpsKeHuii 1 aedopMa-
LIMM B CNOMKHBIX MEXaHUYECKUX CUCTEMAX, NO3BOJIAET BbINOJI-
HATb MaTeMaTn4yecKoe npeobpa3oBaHKe M aHau3 MexaHuye-
CKWX CBOWCTB FrEOMETPUYECKOr0 00BbEKTA.

ObnacTb cToMaTonorum, Kotopas TecHo cBsi3aHa ¢ buo-
MeXaHUKOW, — YeNoCTHO-NnLeBas Xupyprus. MocKonbKy
MeXaHW4yecKue CBOWCTBA YENOBEYECKOro CKeneta He MoryT
BbITb MccnepoBaHbl in vivo, MK3 Hawwen B 3Tol AncuUnamHe
ocoboe MpuUMeHeHwe.

MPUHLUMN METOAA KOHEYHbIX
3/IEMEHTOB

B MK3 nosesneHne KOHKpETHOM (M3NYECKOW CUCTEMBI
MoZJenupyeTca MaTeMaTuyecku. HenpepblBHas CTpyKTypa fe-
JIUTCA Ha 3NIEMEHTbI, KOTOPbIE COXPaHSIIOT CBOICTBA UCXOLHOM
CTpyKTypbl. Kaapii U3 aneMeHTOB onucbiBaeTcs auddepeH-
LManbHbIMU YpaBHEHUSIMM, KOTOPbIE PELLAIOTCS C MOMOLLbIO
MaTeMaTUyecKux Mofenei, NofobpaHHbIX Mo MccneLyeMbiM
AaHHbIM [1]. TaKoW CTPYKTYPHbIA aHanM3 No3BOSAET onpe-
LEeNUTb HanpsxeHue 1 fedopMaLmio, Bbi3BaHHYI0 BHELLHEN
CW/O0W, AaBNIEHMEM, TEPMUYECKUM U3MEHEHUEM W PYTUMM
darTopamu. MocKonbKy HeBO3MOXKHO KOIMYECTBEHHO onpe-
LENUTb HaMpsKEHWe W HampsiXeHWe B TKaHAX YeN0BeKa
B OTBET Ha BHELLUHee BO3[eNCTBUE, 3TOT METO[, Ype3Bbl4aliHO
noneseH As OLEHKWN MeXaHUYeCKUX acneKToB buomarepua-
OB B TKaHAX YENIOBEKA, YTO OYEHb CIOKHO WU3y4aTb Heno-
CPeACTBEHHO Ha NOAAX M3-3a ITUHECKUX coobpaxeHuit [2].
MonyyeHHble pe3ysbTaTbl MOXHO M3Y4UTb C MOMOLLbH Npo-
rpamMMHoro obecrieyeHus s Bu3yanu3saummn B cpege MK3,
yT0BbI MPOaHaNM3NpoBaTh PasNyHbIe NapaMeTpbl U MOJHO-
CTblO OMpeAeNnTb NocneacTBus aHanusa. OCHOBHbIE 3Tanbl
MK3 BrtoYaloT npeaBapuTeNibHY0 00paboTKy, 06paboTKy,
UK peLueHue, 1 noctobpabotky. Ha atane npefBapuTenbHOM
06paboTKK AaHHbIe NOMYYaloT C NMOMOLLBIO CUCTEMBI aBTOMa-
TM3MpoBaHHoro npoekTpoBaHus (CAMP) nnm KOMMNbIOTEPHOI
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ToMorpadmm ans noctpoenus 2- unn 3-mepHoii (3D) Mogenu
C MocneayoLLMUM CO34aHUEM CETKU U FPaHUYHBIMU YCIIOBMSI-
Mu. Ha atane 0bpaboTku, unm peLuenms, pacyeTbl BbIMOSHS-
I0TCS C UCMO/b30BaHNEM COOTBETCTBYIOLLIEr0 KOMMBOTEPHOTO
nporpaMMHoro obecreyeHus, KOTOpOe BbIMOHAET MaTpuy-
Hble QOPMYNMPOBKU, MHBEPCHID, YMHOXEHWUE W, HAKOHEL, No-
Ny4aeT peLueHue. 3T0 peLLEeHUe NPOBEPSETCS AOMOSHATENBHO
W YTOYHSETCS B COOTBETCTBUW C TPEDOBaHUAMM Ha 3Tane no-
cTobpabotkn. MK3 noppasymeBaeT UCNoNb30BaHWe CETKY,
COCTOSILLEN U3 CNOXKHOW CUCTEMBI TOYEK (Y3/10B) M 3IEMEH-
T0B. C NOMOLLbHK pasnMyHbIX NpOrpamMm 3Ta CeTKa co3aaeTcs
C Y4eTOM onpefeneHHbIX CBOUCTB MaTepuana U CTpyKTypbl,
onpeLensoLLmMX peakLmMio KOHCTPYKLMW Ha pasfiyHble YCro-
BMs Harpy3ku. Hanbonee BaxHbIM acneKToOM aHanu3a sBns-
eTcs npuceoeHne mogenu MK3 cooTBeTCTBYHLLMX CBOMCTB
MaTepuana i TOYHOr0 MOJENMPOBaHUS MOBEAEHNS OLe-
HuBaeMoro obbekTa. PacnpeaeneHune HanpsikeHuii 1 gedop-
Maumii B 00beKTe CUNBHO 3aBUCUT OT CBOWCTB MaTepuana,
KoTopble MOXHO cMofennpoBaTb B MK3 Kak aHM30TponHbile,
OpTOTPOMHbIE, M30TPOMHbIE W TPAHCBEPCANbHO-M30TPOMHbIE.
CBoiicTBa 0OCTAlOTCA OJMHAKOBBLIMU BO BCEX HampaBneHusX.
CnepoBaTenbHo, B M30TPOMHOM MaTtepuane CyLLeCTBYHT
TONIbKO [BE He3aBUCMMble MaTepuasibHble KOHCTaHTbl: MO-
pynb l0Hra n koadpduument lyaccoHa. CeTka B OCHOBHOM
BedeT cebs Kak maytuHa. Kaxabli y3en unm Touka coemm-
HAIET 3NIEMEHT CETKW C cocefHMMM y3namu. CMbicn B ToM,
yT06bl BBIMUC/IATE B OTPAHWYEHHOM WM KOHEYHOM YuCie
TOYEK W CTPOWUTb pesynbTaThbl 451 Bceit obnactu (noBepx-
HOCTM UM 0bbeMa). Ho NocKonbKy Bce XUBble KOMMOHEHTHI
HenpepbIBHbI U UMEKT BECKOHEYHYIO CTeneHb (CTeneHu) ceo-
Boabl (puc. 1), HEBO3MOXHO peLNTb NPObNEMy B 3TOM KOH-
KpeTHOM (opMaTe, KOTOpbIiA TPEDYET YMEHbLUEHUS CTENEHU
(cTeneHet) cBoboAbI OT BECKOHEYHOM 40 KOHEYHOW, MPU 3TOM
npuMennMocTb MK3 BcTynaet B pelicteue. MK3J yMeHbLuaeT
cTeneHb cB060AbI 0T 6ECKOHEYHOM [0 KOHEYHOM C MOMOLLbH
ceTku (y3noB u aneMeHToB) [3] (puc. 1-3).

IpaHnyHble ycnous B MK3J B ocHOBHOM npeAcTaBAstoT
cob0M Harpy3ky, BO3AEHCTBYIOLLYH Ha MCCNEdyeMble KOH-
CTPYKUMM, U obnacTb Mofenu, Kotopas orpaHuyeHa. Pas-
JINYHbIE CMOCOBbLI MPUNOXEHUS CUMbI U MOMEHTa: COCPefo-
TOYEHHas Harpyska (B TOUYKe UMK OTAENbHOM Y3/1e), cUna Ha

Konnuectso Touex paBHO Konuyectso Y310B paBHO

beckoHeyHoCTH BOCbMM
Bce ypaBHeHus cocTaBnsioT Bcero 48 ypaBHeHui
becKoHeyHoCTb

Puc. 1. CreneHu cBobogpl
Fig. 1. Degree of freedom

125



REVIEWS

Vol. 2 (3) 2024

Acta Universitatis Dentistriae
et Chirurgiae Maxillofacialis

Puc. 2. Yanbl. Uctounmk: FEA Mesh Elements & Nodes Guide //
Asrengineering. URL: https://asrengineering.com/2019/09/23/fea-
mesh-elements-nodes-guide-intro-to-fea/

Fig. 2. Nodes Source: FEA Mesh Elements & Nodes Guide // Asren-
gineering. URL: https://asrengineering.com/2019/09/23/feamesh-
elements-nodes-guide-intro-to-fea/
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Puc. 3. 3tanbl MeToaa KOHeYHbIX 3neMeHToB: @ — 3D-mopens;
b — co3paHue ceTkyu; ¢ — pe3ynbTaT Harpysku

Fig. 3. Stages of the finite element method: a, 3D model;
b, creating a grid; c, loading outcome

b c

Puc. 4. MocTpoeHue MoZenm ¢ NOMOLLbI0 METOf,a KOHEYHBIX 351eMeHTOB. [loflyueHne YncneHHoit Mofen (a), ee pasbueHue Ha MHOXeECTBO
MPOCTbIX KOHEYHbIX 3JIEMEHTOB, COEAMHEHHbIX B 00LLEN y310B0oM TouKe (auckpetusaums) (b). Mocne Toro Kak KawaoMy aneMeHTy byaoyt
MPUCBOEHbI COOTBETCTBYIOLLME CBOMCTBA MaTepuana, MOXHO MPOBECTU aHa/U3 KOHEYHbIX 3/1EMEHTOB CMOAENIMPOBAHHbIX YCUIUIA B pas-
JIMYHBIX 001ACTAX YMCNIEHHOM MOLENN W BbISIBUTL pacripefieneHuns YAeNbHbIX HanpsxKeHuii u fedopMauii (c)

Fig. 4. Building a model using the finite element method Building a numerical model (@) and dividing it into a set of simple finite elements
connected at a common node (discretization) (b). After assigning the corresponding material properties to each element, the finite element
analysis of conditions modeled in various parts of the numerical model can be performed, and specific stress and strain distributions can

be assessed (c)

Harpy3Ka 1 TpaHUYHbIe YCNoBuA
1=1/A N/mm2 |

| p JoHa
VIHTGpECN

Ax

DaHidHble &~ X

ycnosus
A \ N
;A ~ A
A - A
CocpefoToyeHne Harpysku Pacnpenenenne Harpysxu
B TOUKE P B KpyroBoi 0bnactv

Puc. 5. CxeMa NpuUnoxKeHHoW Harpysku W rpaHUYHbIX YCIOBUH,
HaNOXEeHHbIX Ha 3y6 ANA TOYEYHOI Harpy3KW W pacnpeaeneHHoi
Harpysku

Fig. 5. Scheme of the load and boundary conditions applied on
a tooth for point and distributed load

JMHUM NN KPOMKe, pacripefieNieHHas Harpyska (cuna usMe-
HSAETCA MO YPaBHEHWIO), U3TMDAtOLLME MOMEHTBI U KPYTALLMIA
MOMEHT. YT06bl 06ecneunTb YpaBHOBELLEHHOE peLLeHue, Ha
HEKOTOpPbIX rPaH1LaX AO0MKHbI ObiTb YCTAHOBIEHbI HyNeBble

DOl https://daiorg/10.17816/udsé34485

orpaHuyenus. Ytobbl npeAoTBpaTUTh NEPEKPLITUE HANpAXe-
HWM 1 BedopMaLnid, CBA3aHHBIX C CUMIaMU peaKLIMK, OrpaHu-
YeHUs [OMKHbI ObITb pasMeLLeHbl Ha y3nax, yaaneHHbIX oT
UHTepecytoLwen obnactu. Mocne duKcaumm rpaHUYHBIX yCio-
BWI 3amycKaeTcs NporpamMMHoe obecneyeHne Anis onpepe-
NEHNA HanpsKeHuid 1 aedopMaunii ¢ UCMONb30BaHUEM JIK-
HEMHOro CTaTUYeCKOro aHan3a M HeMMHEMHOT0 aHanu3a [4]
(puc. 4, 5).

NMPAKTU4ECKOE NPUMEHEHUE

OpTorHaTyecKas xMpyprus HanpaBeHa Ha UCTpaBneHne
COCTOSIHUA YeIOCTEN M UL, B TOM YKUCNE CTPYKTYpbI, MO-
AMbUKaLMI0 PoCTa, HapYLLEHMIA BUCOYHO-HUKHEYEMIOCTHOMO
cyctaBa (BHYC), anHo3, HapylueHWil mpuKyca u3-3a Amc-
rapMOHUM CKeneTa UK ApYrux OPTOLOHTUYECKUX npobrieM,
KOTOpble HeNb3sl BbIIEYNUTb C MOMOLLbIO OPTOAOHTMM. Ee Me-
TOAbI BbIKJIOYAKOT XMPYPruyeckue MaHUMynsaumMm co CTpyK-
TypaMu IMLEBOrO CKeNleTa A/ BOCCTAHOBSIEHUS aHaTOMUM
U WX QYHKUMOHANBHOW B3aUMOCBSA3M C 3yHOYENOCTHBIMY
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CKeNeTHbIMM aHOManuAMK. YcneLuHbli pe3ynbTar 3aBucuT T
TLLaTeNbHOr0 MPeA0NepaLMoHHOr0 NIaHUPOBaHNA BMOTb 40
OKOHYaTeNbHO OKKITI03uK. BupTyanbHoe nnaHupoBaHue cro-
cobcTByeT Gosiee TOUHOMY aHanM3y 3ybouentocTHon aedop-
Mauuu W NpejonepauyoHHOMy NaHUPOBAHMIO C MOMOLLbIO
KOMMbIOTEPHBIX TeXHOMOruiA, Taknx Kak MK3. CoBpeMeHHoe
OpTOrHaTMYecKoe NeYeHWe COCTOUT M3 CTaHAAPTHON opTor-
HaTU4eCKoii NpoLuedypbl MO UCTPaBieHWI Takux AedopMa-
LA YenIOCTeH, KaK BEPXHAS U HUKHAS NPOrHaTUs, OTKPbITHIN
MPUKYC, TPYAHOCTW NPU 3KEBaHWM 1 F0TaHWK, bonb npu auc-
GyHKuumM BHYC, upe3mepHoe cTvpaHue 3y60B M CKOLLEHHBbII
nogbopopok. OHa BKoYaeT B cebs JononHUTeNbHbIE NpoLe-
LYpbl, TaKME KaK FeHMOMIacTUKa, CeNTOPUHONIACTHKA U JK-
M3KTOMMS LN LIS YNyYLLEHWUS KOHTYPOB TBEPAbIX U MAMKMX
TKaHeit [5].

Y. Payan u coasT. B 2002 rogy npeacraBuiv CBoe Ucce-
A0BaHWe NPOTOKONA JIeYeHns, B KOTOPOM Bbina onucaHa npo-
aHanM3NpoBaHHas C MOMOLLbI0 KOMMBIOTEPHBIX TEXHOMOM WA
MocneAoBaTeNlbHOCTb YeNOCTHO-NIMLEBbLIX OMnepauuid B 06-
N1acTV OpPTOrHaTUYECKOM XUPYPIiW Y MALMEHTOB C boMbLLMMM
AedeKTaM1 YeNoCTH, NOCKOIbKY NPOTOKOJ IEYEHUS CIIOXKEH
1 npogosmxuTene [6].

KoppeKTupytoLLas X1pyprus HUKHEN YemtocTu, Takas Kak
bunatepanbHas caruTTanbHas paclLennALas 0CTeoToOMMS
(Bilateral Sagittal Split Osteotomy — BSS0), npumensetcs
ANs cTabunn3aummn KOCTHbIX CErMEHTOB C MOMOLLbI pasnmny-
HbiX duKcupylowmx anemeHToB, @ MK3 aBnseTca ans atoro
BaXKHbIM MHCTPYMEHTOM [6].

Bbibop co0TBETCTBYIOLLMX 3IEMEHTOB MOCTOBUAHOMO NpO-
Te3a TaKKe ABNAETCS KIUEBbIM (DaKTOpPOM, OMpefensioLLmM
yCMeLHble pe3ynbTaThl BCEX OPTOrHaTUYECKUX OMepaLyi.
Mpu BSSO MK3 akTvBHO Mcnonb3yeTca As cpaBHeHWs cTa-
BUNBHOCTM COeAMHEHNS! KOCTHBIX CErMEHTOB Pa3fiMyHbIMU
cucteMamn mkcaumm [7]. C 3ot uenbto S. Trivedi cozpan
undpoByto M30TponHyto 3D-Moaenb, pasgeneHHyo no IMHUA
BSSO Ha 3 cerMeHTa C NpoMeXyTKaMiu 5 MM MeXAY HUMM.
OcTeoToMMpoBaHHbIE PparMeHTbl MOCTOBUAHO COEAVHANUCh
TpeMs pasnuuyHbIMK cucTeMamn dukcaumu. Ha ocHoBaHum
3HaYeHMIA CMELLLEHNS OCTEOTOMUPOBAHHBIX CErMEHTOB MOCHE
MOJeNNpOBaHNs CUMMETPUYHOro npuKyca pesuamm (20 H)
W acMMMeTpUYHOro npukyca Monspamu (80 H) aBTopbl npuLu-
JM K BbIBOY, YTO Haubonee ctabuibHoe MOCTOBMAHOE CO-
enuHeHune nocne BSSO MoxxeT bbITb nosy4eHo npu brukopTy-
KanbHOM BUHTOBOW (UKCaLWK, YTO COOTBETCTBOBANO ApYroMy
nccnepoBaHuio MK3, B KOTopoM Mcnonb30BaHKe CTATMBal-
LLMX BUHTOB 2,0 MM, YCTaHOBNEHHbIX B TPEYr0SIbHOWM KOHU-
rypauu, obecneumBano Havbonee AOCTAaTOYHYH CTabunb-
HOCTb U MeHbLLEe KONMYecTBO NOMEN HampsiKeHus B MecTe
0CTEOTOMUW MO CPaBHEHWIO C OPYrvMU METOAaMU XKEeCTKON
Gukcaumv [8]. Takke 6bin npoBegeH MK3, oTpakatoLumii
ABYXYENIOCTHYK 0CcTeoToMUIo, — bonee CNOXHYyK onepa-
LM, NpefHasHaueHHylo AN NauueHToB ¢ AedopMaumels
obeux yentocten. Hanpumep, M.B.F. dos Santos v coast. no
pesynbtatam obcnenoBaHua 50 naumeHToB, KOTOPbIM Obina
BbIMOJIHEHA [1BYXYESIOCTHAs 0CTEOTOMMS, NOATBEPLAMUM, HTO
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MK3 MoxHO ucnonb3oBaTb ANA MOLESIMPOBAHWUA KPbIo-
BMOHO-BEPXHEYENIOCTHON [U3BIOHKLMW BO BpeMs npoLieay-
pbl LeFort | 6e3 npumeHenns nsorHytoro octeotoma u Ans
MPOrHO3MPOBaHUS U3MEHEHWU Pe3yNbTaToB JIEYEHUs Noche
YA/MHEHNA KUK pa3spesa [9]. Vicnonb3ys npefonepaumoH-
Hble [aHHble KOMIbHTEPHOM TOMOrpadumm, aBTopbl CO3aanH
WHOMBULYaNM31pOBaHHble LM(ppOoBble MOLENN CPESHEN 30HbI
nvua. Moaynb HOHra ang oToeNbHbIX BOKCENIEN paccunThi-
Ba/M MO MIOTHOCTM KOCTW, OMPEAENEHHON BO BPEMSA KOHYC-
HO-Nly4eBOW KoMnbloTepHon Tomorpadmmm (KJTKT). 3atem
HaMeyanu BUPTYambHYK JIMHUIO pa3pesa U MOLeNMpoBay
KpbIIIOBUHO-BEPXHEYETIOCTHOE pa3beiUHEHWE B pe3ynibTaTe
pacKpbITUs paclumpuTenieit Teccbe B 0CTEOTOMUYECKON LLENH
c Harpy3koii 150 H. OcHoBbIBasicb Ha MPOrHO3MPYEMOM HaKo-
MAEHAM MaKCUMaIbHOMO HaMpPSXKEHUS B KPbIIOBUAHO-BEPX-
HEYeNHCTHOM COeLIMHEHMM, aBTOPbI BbIAEUNN 3 TUNA AU3b-
toHKLMK. CTeneHb COBMafeHNs MEX LY MeCTOM PacXoXAeHUs
KpbII0OBMHO-BEPXHEYEIIOCTHON KOCTHM, MpefcKasaHHbIM
¢ nomouwbio MK3, n daktnyeckum MecToM pacxoxpaeHus,
HabntopgaeMbIM Ha nocneonepaumoHHbix KT-u30bpaeHusx,
MosTyYeHHbIX Yepe3 7 AHeW Nocsie 0CTEOTOMUM C MOMOLLbBIO
paclumputeneii Tessier, coctaBuna 87 %, uto NoATBEpXaAET
HapexHocTb MK3 B opTorHatuyeckoi xupyprum. Kpome Toro,
MK3 npoaeMoHCTpMpoBan, YTo pacLuMpeHu1e JIMHAM paspesa
A0 byrpuctocTy BepxHem YentocTu Bbino cBA3aHo ¢ bonee Bbl-
COKOM 4aCcTOTOM NepesioMoB KpbINIOBUAHOIO 0TPOCTKa [9], uto
ABNSETCS LIeHHOW MHDOpMaLMen AN KIIMHULMCTOB.

[lpyroi opTorHaTM4ecKomn npoLeaypou, YacTo BbiMoJiHse-
MOW CpeJiyt MaLMEHTOB C Y3KOW BEpPXHEl YeSCTbIo, ABNSETCS
ObICTpOE XMpypruyeckoe paclumpenue Heéba (Surgically As-
sisted Rapid Palatal Expansion — SARPE) — 310 opTorHatu-
YecKas XMpypruyeckas npoLefypa, YacTo BbiMOMHAKLLANACA
y NaumeHTOB C Y3KOW BepxHeil yentocTblo. Pacnpepenenue
HanpsiKeHWs B BepXHeM YemocTW, nopgepriencs SARPE,
Bbino cMoLeNMpoBaHO METOA0M KOHEYHbIX 3ieMeHToB. ObHa-
PYKEHO, YTO LLaru B CKyJ0-BEPXHEYESIICTHOM U KPbINOBUL -
HO-BEPXHEYEIIOCTHOM pasbeUHEHUH, N0-BUAMMOMY, BaXHbl
ONs YMEHbLUEHUs BPELHOr0 PacCeMBaHUA HanpsiKeHUs BO
Bpema SARPE [10]. Y nauueHToB ¢ 6onblumMu pedextamu
YenCTU NOATOTOBKA JIeYEHUs MOXET ObITb 04YEHb CIOKHOM
1 3aHMMaTb MHOTO BpeMeHW. B pesynbTate Ha MHOrMX 3Ta-
nax JieYeHUs ero KOHeyHbln 3hdEKT MOKET O0TIMYaTLCA OT
enaeMmoro pesynbrata. lloatomy Y. Payan u coast. npegn-
NOXWAM COBCTBEHHBIN NMPOTOKON JIeYeHUs!, OCHOBaHHbIN Ha
KOMMbKTEPHOM MyIaHMpOBaHWKW: ucnonb3oBaHme MK ans
MOJE/NIMPOBaHUSA NULEBbIX MOCNEACTBUN MIAaHOBOM OpTOr-
HaTuyeckoin onepaumm [6]. L.H. Cevidanes u coasT. npen-
CTaBMIM KOMIMbHOTEPU3NPOBAHHYI0 XMPYPTUYECKYH) CUCTEMY,
KoTopas BK/ouana cosganue 3D-mopenei Ha ocHose KJTKT
naumMeHTa, AMHaMUYecKylo LiedanoMeTputo, noslyasToMaTy-
YecKoe 3epKanbHoe 0TOOpaXKeHWe, MHTEPaKTUBHYK Pe3Ky
KOCTU 1 M3MEHEHWE MOJTOXKEHUS KOCTHBIX CErMEHTOB 18 0p-
TOrHAaTUYECKMX Ornepaumin, U yKkasanu, uyto Mogenm MK3 Hau-
Bonee BeposATHO 0becneynBalT HaJleXKHOE MOLENMPOBaHME
M3MEHEHUI MAMKUX TKAaHEN NULA B Pe3ynbTaTe U3MeHeHUs
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B-RPE

C-RPE MARPE

Puc. 6. Yctponctea C-RPE, B-RPE, MARPE
Fig. 6. C-RPE, B-RPE, and MARPE devices

dopmbl ckeneta [11]. P.G.M. Knoops 1 coaBT. noaTBepAnIn
3TOT TE3UC, CPaBHMBas TOYHOCTb MPOrHO3MPOBAHMUS U3MEHe-
HWS MSAMKWX TKaHel y NaLMeHTOB, NEpPEHECLUMX 0CTEOTOMMID
no Le Fort | ¢ BepTUKanbHbIM NepeMeLLeHneM, C NOMOLLbI
LOCTYMHBIX KOMMBIOTEPHBIX NMPOrpaMM U NPULLNK K BbIBOAY,
YTO OHU AECTBUTENIBHO MOTYT 06€CMeUnTb TOYHOCTb NPOrHO-
3MpOBaHNS MATKUX TKaHel, onpefennTb CBOMCTBA MaTepua-
na, cneuuduyHble Ans NaumeHTa Uy NONynsaumum, U No3ToMy
MOryT BbITb MOME3HbLI BO BpeMSA MpeAonepaLMoHHoro obuie-
HWA ¢ naumeHToM [12].

B uccnenosanuu A. Boryor n coaBT. 6b110 nokasaHo, Yto
MOXHO OTKPbITb MEXBEPXHEUEHOCTHON LUOB Y B3POC/bIX
C MOMOLLbI0 PaCLLMpUTENSA C OMOPOK HA MUKPOUMMIIAHTATHI.
WcnbiTbiBaeMbIii 34eCh paclumMpuTeNb 0KasblBas 04eHb Manoe
ycunve, KOTOpoe B OCHOBHOM BbIfio COCPelOTOYEHO Ha YKa-
3aHHOM LLBE, YTO MPUBOAMIIO K ero paspbisy [13].

B uccneposanmm M. MacGinnis 1 coasT. pacnpegenexuve
HanpsXKeHWs 0T CKeNeTHOro HEBHOro pacluMpeHus c ormo-
poi Ha MuKpoumnnaHThl (Minisrew-Assisted Rapid Palatal
Expansion — MARPE) noka3ano MeHblUee pacnpocTpa-
HeHMe Ha KOHTPGOPCHI U MpUEralLlMe K HeMy Y4acTKu
B BEPXHEYeNCTHOM Komnekce. [lpy nomeLleHun cunbl
PacLUMpeHns BanKe K LEHTPY COMpOTUBIEHUS BEPXHEN Ye-
JIOCTU MPOUCXOLUT MEHbLUWIA HaKJ/IOoH ¢ Bonee natepanbHbIM
nepeMeLLieHeM KoMMeKca. Takxe Oblno BbISICHEHO, YTO
MARPE MoxeT 6biTb none3eH y NauMeHToB CO CPOCLUMMCS
HEOHbBIM LUBOM [14].

Eui-Hyang Seonga » coaBeT. nokasamu, uto C-RPE
(c noMoLUblo 0DbIYHBLIX pacLUMpUTENeN) Bbi3biBan Hau-
bonbluee HanpsikeHWe BAONAb (POHTANBHONO OTPOCTKA
BEPXHEW YEesIOCTW U BOKPYr OMOPHbIX 3yboB, a 3aTeM B 06-
nactu HébHoro wwBa, Torga Kak B-RPE (c nomouibio KocT-
HbIX pacluupuTenei) Bbi3biBan Haubosbluee HanpsKeHue
BOKPYr MWHM-BWHTa, XOTA 0bnacTb bbina orpaHuyeHa HEG-
HbIM LWBOM. PesynbTaThl MUCCNELOBaHUA MOKa3bIBAKT, YTO
BKJ/IlOYEHWEe MUHM-BUHTOB B ycTponctBa RPE (Rapid Palate
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Puc. 7. Mozenb KoHeYHbIX 3MIEMEHTOB, MOKa3blBaloLLas pacrpese-
neHve HanpskeHus doH Museca

Fig. 7. Finite element model showing the von Mises stress dis-
tribution

Expander — Hexupypruyeckoe bbicTpoe HEGHOE pacLumMpeHe)
MOXET crnocobcTBOBaTL Nepefiaye YCUIMA Ha LUBbI U CHUXeE-
HUI0 Ype3MEPHON Harpy3KU Ha BYKKasbHYH KOCTHYHO MNACTUHKY
(puc. 6, 7) [15].

lpuHUMasn Bo BHMMaHWe BO3MOXHOCTH, KOTOPbIE Npej-
naraet MK3 He TOfIbKO B OTHOLLEHWW MATKUX, HO U TBEpPAbIX

TKaHei, MepcreKTMBHO paclUMpeHue MPUMeHeHUs MeToAa

Ons peanu3auun bonee CNOXHbIX peLLEHUA No onpefene-

HWK0 JIMHWA OCTEOTOMMM, BbIBOpPY TWMa, KONMYecTBa M pac-

MOJOKEHNS UKCUPYIOLLMX 3NIEMEHTOB M NMPOTrHO3MPOBaHUS

pe3ynbTaToB OPTOrHATUYECKOI onepaLym.

TakuM obpa3soM, MK3 peMoHcTpupyeT cneayiolwime npe-

MMYLLIECTBA B OPTOrHATUYECKON XMPYpPru:

1) csefieHMe K MUHWMYMy HeobX0AMMOCTM MpOBeneHUs
LJUTENbHBIX MCCIe0BaHUIA Ha XUBOTHBIX M HEITUYHBIX
WUCTIbITaHUIA Ha 0AAX;

2) HEMHBA3WBHOCTb;

3) BO3MOXHOCTb BU3yaNnu3WpOBaTb HANOXKEHHbIE APYr Ha
Lpyra CTpYKTypbl;

4) ynpolLeHue aHanu3a CBOWCTB MaTepUasoB YetoCTHO-NN-
LieBbIX CTPYKTYP M UX reOMeTpuy;

5) TO4HOe onpefefieHne HanpaBieHUsA U BENMYUHBI MPUAO-
XKEHHOW CUIbl;

6) BO3MOXHOCTb TEOPETUYECKOTO U3MEPEHUS TOYEK Hanps-
KEHUS;

7) Heu3MeHHOCTb (M3NYECKUX CBOWCTB OLIEHMBAEMbIX MaTe-
pvanos;

8) noBTOpeHMe TecTa MOXKET ObITb BbINOSHEHO OECKOHEYHOE
ymcno pas;

9) BO3MOXKHOCTb BbIMNOHATL KaK CTaTUHECKWM, TaK W AWHa-
MWUYECKUIA aHann3.

Cpepu HepocTatkoB MK3 cnepyeT oTMeTUTh:

1) 3aBMcMMOCTb KauyecTBa M MOApOBHOCTM pe3ynbTaToB OT
UCMoMb3yeMoli NpU pacyeTax TEXHUKY;

2) HeobxoaMMOCTb UMeTb FNyHOKME No3HaHWs B MaTepuano-
BEAEHWM 1S UCMOJIb30BaHMs METOA];




0B30PHI

3) OwWMOKM BO BXOLHbIX AaHHBIX, CTATUCTUKE W UHTEpnpe-
TaLuW pesynbTaToB MOrYT MPUBECTU K HenpaBWiIbHOMY
BbIBOLLY;

4) HeobxoamMocTb BNafieHUs crneuyanbHbIMKU HaBbIKaMu pa-
BOTbI C KOMMbIOTEPOM;

5) HEBO3MOXHOCTb MPEANONIOXUTb LUHAMUKY M3MEHEHUS
uccneayemblx CTPYKTYP, MOCKOMbKY TPYAHO YYecTb MHO-
KeCTBO (haKTOpOB (B 0COOEHHOCTM BpeEMS, TaK KaK B pac-
yeTax no MK3 oHo He yuuTbIBaeTCS);

6) TpeboBaHue BBOLA HOMBLLIOrO KONMYECTBA [LaHHBIX ANs
MCMOMb3YEMOI CETKW C TOYKM 3PEHWS CBA3HOCTU Y310B
W Bpyrvx napameTpoB B 3aBUCMMOCTM OT NPo6ieMbl.

3AKJIKYEHUE

MeToA KOHEYHbIX 31eMEHTOB — 3TO YMCNEHHbI METOL,
dHanu3a, I'IpVIMeHFIEMin;I B CTOMatoJiorMM u opTtorHatuye-
CKOW XMpYpruM ANS PeLleHUs COXHbIX BMOMeaNLIMHCKIX
npobneM. AHanuanpyeMas KOHCTPYKLMS MOXET UMETb Jlio-
byto hopmy 1 onopy, CO3AatoLLYyI0 NPOM3BOSIbHBIE HArPy3KU.
MeToa upoeanbHo NOAXOAMT ANS aHaiM3a HeOAHOPOAHBIX
Bronoruyeckux CTpyKTyp. MozenupoBaHue CTpyKTyp M Ma-
TepuanoB 3KOHOMMUT BpeMs M CPeACTBa Mpu MpoBefeHUM
3KCMEPUMEHTA — WUMEHHO N03TOMY [laHHbI METOZ, YCMELLHO
NpUMeHsieTcs B pasnuuHbix obnacTsx. B 1o e spemsa MK3
npeacTaBnseT coboi cnocob MonyyeHUs YUCNEHHOTO pe-
LUEHNS KOHKPEeTHO 3afaun. KoHeYHo-3neMeHTHbI aHanu3
ABNAETCA TOYHBIM MHCTPYMEHTOM [J15 OLiEHKM pacnpejene-
HUS HANPSXKEHWIA, NPU YCNIOBUM, YTO 3aiaHHbIe 3HaYeHUs 40-
cToBepHbl. Cnocob ero peanusaumy BapbupyeT OT YesoBeKa
K YeNOBEKY B CBA3M C OMOMOrMYECKUMM 0CODEHHOCTAMM KaxK-
[0T0 0TAENbHO B3ATOr0 nauueHTa. OueBMaHbIE HeJOCTaTKM
MeTo/a BCeraa cnefyeT MMeTb B BUAY MU paboTe KaK B K-
HMYeCKMX, TaK M B nabopaTopHbIx ycnoBusx. lpoBeaeHHble
3KCNepyUMeHTbI NOBTOPSEMbI 6€3 BO3HUKHOBEHUS KakuX-NMbo
3TUYECKUX NpobneM, a Au3aiiH UCCNefoBaHUS MOXKET ObiTb

CMUCOK JIUTEPATYPbI

1. Marcian P., Wolff J., Horackova L., et al. Micro finite el-
ement analysis of dental implants under different loading
conditions // Comput Biol Med. 2018. Vol. 96. P. 157-165.
doi: 10.1016/j.compbiomed.2018.03.012

2. Boccaccio A, Uva AE., Fiorentino M., et al. Optimal load for bone
tissue scaffolds with an assigned geometry // Int J Med Sci. 2018.
Vol. 15, N 1. P. 16-22. doi: 10.7150/ijms.20522

3. Srirekha A., Bashetty K. Infinite to finite: An overview of finite
element analysis // Indian J Dent Res. 2010. Vol. 21, N 3. P. 425-432.
doi: 10.4103/0970-9290.70813

4. Kul E, Korkmaz I.H. Effect of different design of abutment and
implant on stress distribution in 2 implants and peripheral bone:
A finite element analysis study // J Prosthet Dent. 2021. Vol. 126,
N 5. P. 664.E1-664.E9. doi: 10.1016/j.prosdent.2020.09.058

5. Khechayan D.Y. Orthognathic surgery: general consider-
ations // Semin Plast Surg. 2013. Vol. 27, N 3. P. 133-136.
doi: 10.1055/s-0033-1357109

Tom 2, N2 3, 2024

D0l https://daiorg/10.17816/udsé34485

VHMBGDCMTQTCHGH CToMartonormd
M HeJTIoCTHO-NMUeBad xmpyprma

M3MEHEH B COOTBETCTBMM C KOHKPETHbIMU TpeboBaHUAMM.
OnpepeneHHble orpaHuyennss MK3 Bce ke cyLiecTByloT,
cnegyeT yuuTbIBaTh, YTO NofobHoe uccnefoBaHue LOMMKHO
COMPOBOXAATHCA KIIMHUYECKOW OLLEHKOM.

TakuM obpazoM, MK3 — 3T0 nonesHbIN U BaXHbIN UH-
CTPYMEHT L1 aHanu3a W3MeHeHWN napameTpoB 0a3oBoik
MOJENH.
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Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHLIA BKNAA
B pa3paboTKy KOHLEeNnuuu, NpoBeAeHMe WUCCAefoBaHUS W Moa-
FOTOBKY CTaTbW, MPOYAM U 0f00punM dUHaNbHYD Bepcuio nepes
nybnukaumen. JInuHbld BKNag Kawgoro astopa: H.B. Buwhésa,
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CeHWe oKoHYaTenbHoii npaBky; K.P. TumepbynatoBa — 0630p nu-
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CocTaBHble YacTu yrna HUXXHEMU YeslioCTH
M UX 3HaYeHUe B KJIMHUYECKOU CTOMATOJIOrUun
T.[. Imutpuenko, B.T. Arynosa, W.H. l0xHos

Bonrorpapckuii rocynapcTBeHHbIA MeaMLMHCKMIA yHuBepcuTeT, Bonrorpag, Poccus

AHHOTALNA

AKTyanbHocTb. VccnegoBaHue COCTaBHbIX YacTel Yria HUXHEN YeNoCTW ONpeaenseT aKTyanbHOCTb B U3yYeHUU BapuaHTHOM
aHaTOMWUM OpraHa 1 No3BoNseT NPOBOAUTL ANArHOCTUKY FHATUYECKUX GOpM aHOMasUiA.

Lenb. Onpenenutb 0CHOBHbIE MapaMeTpbl COCTABHbIX YACTEN Yriia HUMKHEN YeNIOCTU U UX 3HaYeHUe B KIIMHUYECKON CTOMa-
TONOrUM.

Matepuanbl u MeToabl. [lpoBefeH pETPOCMEKTUBHBIA aHanM3 65 TeNepeHTreHorpaMM C MNpu3Hakamu Quanonoruye-
CKOW OKKNO3uKM, 12 peHTTeHOBCKWMX CHWMKOB C Me3MaibHOM OKKII03Men U 16 — C npu3HaKkaMu AWCTanbHOW OKKIHO3MK.
TouKa yrna HuKHel YentocTu Go Cnyxuna opueHTMpOM Ans NOCTPOEHUs BEPTUKaM, NeprneHANKYNSPHON K IMHUM 0CHOBaHMS!
yepena N-Se. MMonyyeHHas roOHWOHaNbHas BePTUKANb AENWIA Yrofl HUKHEN YEeNoCTU Ha [Be COCTaBALLMe: Yron BETBU
W Yron Tena HUXHEN YeniocTy.

Pe3ynbratbl. He3aBUCMMO OT BEIMUMHBI YT1a HUMHEW YENIOCTU OTKIIOHEHWE JIMHWW BETBW YeNIOCTU OT FOHUOHAMbHON Bep-
TMKanW coctaensano ot 6° go 9°. Mpu aHomanusx Il knacca no Angle cpefHss BeNMYMHA Yria HaKOHa BETBU YeNIOCTH Co-
ctansana 18,03° + 1,22°. ina ancTanbHOM OKKIO3UM ObINIO XapaKTepHbIM BeNIuMHA yria MeHee 5°. Mpu rHatuyeckux dop-
Max aHOMaJluii OKKJII03MM N0 CaruTTanM 0TMeYanoch He NapanieflbHoCTb Ha3aNbHO-CyOHa3anbHOM BEPTUKAM U KacaTeslbHOM
K BETBU YesOCTH.

3aknoueHue. YcTaHoBneHa BapuabenbHOCTb COCTaBHbIX YaCTeN HUKHEYENCTHOrO yrna, 0bycnoBaeHHas TUMOM pocTa rHa-
TMYecKoro oTaena smua. MonyyeHHble faHHbIe MOTYT BbITb UCMONB30BaHbI B KIIMHUYECKOW NMPaKTUKe )18 AUarHOCTUKU aHo-
Manui 1 NpU MIaHUPOBaHUN KOMMJIEKCHBIX METOZ0B JIEYEHMS.

KniouyeBble cnoBa: TeNepeHTreHorpaMma; dJVI3VIOJ'IOFVNECI-(aFI OKK/O3KA; aHOMaJIMn OKKNIO3MKN B CarnTTasibHOM Ha-
NnpaBJieHNU; OKKJIIO3MOHHAA NNOCKOCTb.

Kak uutnpoBatb
[mMvtpuenko T.[., firynosa B.T., t0xHoB W.H. CocTaBHble YacTvt yrna HYKHEN YemoCTV U UX 3HaYeHWe B KIMHWYECKOI cToMaTonoru // YHMBepeuTeTcKas
CTOMATONOr WS W YenioCTHO-NnLeBas xvpyprus. 2024. T. 2, N° 3. C. 131-140. DOI: https://doi.org/10.17816/uds633522

Pykonucb nonyyeHa: 18.06.2024 Pykonucb opno6peHa: 23.09.2024 Ony6nukoBaHa online: 30.09.2024
V-2
3KO®BEKTOP Cratba poctynHa no nmuen3vn CC BY-NC-ND 4.0 International

© 3ko-BexTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/uds633522
https://doi.org/10.17816/uds633522

132

CLINICAL DENTISTRY AND Acta Universitatis Dentistriae
MAXILLOFACIAL SURGERY Vol. 2 (3) 2024 et Chirurgiae Maxillofacialis

DOI: https://doi.org/10.17816/uds633522

Mandibular Angle Components and their Role
in Clinical Dentistry

Tatyana D. Dmitrienko, Violeta T. Yagupova, Ilya N. Yukhnov
Volgograd State Medical University, Volgograd, Russia

ABSTRACT

BACKGROUND: Mandibular angle components enable assessment of relevance during variant anatomy studies and help in the
diagnosis of gnatic malocclusion.

AIM: To determine the key parameters of mandibular angle components and their role in clinical dentistry.

MATERIALS AND METHODS: A retrospective analysis of 65 teleradiology scans with signs of physiologic occlusion,
12 X-ray images with mesial occlusion, and 16 X-ray images with distal occlusion was performed. The Go mandibular angle
point was used for drawing a vertical line perpendicular to the skull base line N-Se. The resulting gonional vertical line
divided the mandibular angle into two components: the mandibular ramus angle and the mandibular body angle.
RESULTS: Regardless of the mandibular angle, the mandibular ramus line deviated from the gonional vertical line by 6° to 9°.
In Angle Class Ill malocclusions, the mean mandibular ramus angle was 18.03°+1.22°. Distal occlusion was characterized
by an angle of less than 5°. Gnatic malocclusions were characterized by a sagittal line that was not parallel to the nasal and
subnasal vertical line and tangent to the mandibular ramus.

CONCLUSIONS: Variability in mandibular angle components due to the growth of the gnathic face part has been identified.
The study findings can be used in clinical practice for the diagnosis of malocclusion and complex treatment planning.

Keywords: teleradiology; physiologic occlusion; sagittal malocclusion; occlusal plane.
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KJIMHVHECKAA CTOMATOTIOMAA
W HETHOCTHO-TIMLEBAA XNPYPTIAA

BBENEHUE

BapuaHTHas aHaTOMWs HUXKHEN YeNCTW OmucaHa Mop-
donoramMu M KIMHALMCTaMKM B y4ebHOW M HayyHOM NuTe-
patype [1]. B uccnepoBaHuax npefctaBneHbl BapuaHTbl
BEJIMYMHBI HIKHEYENIOCTHOTO Yr/a, OTMeYeHbl napaMeTpel
TeNa, BETBM U anbBEOJIIPHOM YacTU B MPOMNOPLMOHAIbHOM
B3aMMOCBSI3N.

OCHOBHble CTPYKTYpHble COCTaBAstOLLME KpaHWodauu-
anbHOro KOMMIeKca, WX JINHEelHbIe W YrNoBble napaMeTpb
B MPWXMU3HEHHbBIX YCIOBMSX, KaK NpaBuWiIo, ONpejenstoTcs
PEHTTEHONIOMMYECKUMU MeTOAaMu uccnefoBanna. 0oHUM
U3 pacnpocTpaHeHHbIX MeTOL0B PEHTTEHONIOrMYECKOro Mc-
CNefi0BaHUs B KJIMHUYECKOMW CTOMATONOMUM CYMTAEeTCA Tene-
peHTreHorpadmsa [2]. MeTon TenepeHTreHON0rMYecKoro uc-
CNneaoBaHus, 0C0BEHHO BbIMOIHEHHBIVM B DOKOBOI NPOEKLH,
no3Bo/seT C DONbLUIOK BEpPOATHOCTbIO OMpefensTb TUMbl
pocTa NiMLeBoro 0TAeNa rofioBbl, B YaCTHOCTU €ro rHaTtuye-
CKoW YacTn [3-5]. B yKa3aHHbIX MccnefoBaHNUAX NpeLcTaB-
JIeHbl MOKa3aTeNM HUKHEYENIOCTHOMO YIha, YTo NPUMEHUMO
B KJ/IMHWKE OPTOLOHTUM JJ1S1 OLIEHKU TUMa pocTa YemocTu [6].
OcobeHHOCTM HUMKHEYENIOCTHOTO Yra Nernn B 0CHOBY Kilac-
CUUKaLMM TMMOB NULLA, OCHOBAHHOM Ha 3aKOHax rHaTosio-
rum [7].

He uckntoueHo BNMSIHME OLOHTOMETPUYECKMX MOKa3a-
Tenei Ha dopMy M pa3Mmepbl AeHTasbHBIX apoK, KOTopble
B CBOW O4epedb OMpefensioT pa3Mmepbl YemoCTHBIX KO-
cten [8]. K ToMy e onpefenseTcs nonoson AMMopQu3M 3y-
BoB 1 yeniocTeid, KOTOPblE KOPPENMPYIOT C pa3Mepamm rHa-
T4eckomn Yactv imua [9]. Cneumanmctbl 06paTnnam BHUMaHWe
Ha TOT (aKT, YTO pa3mepbl 3yDOB OKa3bIBAKOT BAMSHWE Ha
napameTpbl YentocTeid 1 nuua B Lenom [10]. Tem He MeHee,
paccMaTpKBas 3T0T BOMPOC, UCCNeA0BaTeu He yKasanu 0co-
BeHHOCTM yra HUXKHEN YeNkoCTH NPY U3y4aeMoM O 0HTOMe-
TPUYECKOM MOKa3aTene.

[na aHanu3za 6OKOBbIX TenepeHTreHorpamMM Bpau-
OPTOLOHT MCMOSIb3YeT 0OLLENpUHATLIE TOYKY, NOCNe Coefy-
HEHWUS! KOTOPbIX, U3MEPSAIOTCS JIMHENHbIE pa3Mepbl B caruT-
TaNlbHOM, BEPTUKANbHOM W [MaroHanbHOM HanpaBfieHUsX
[11,12].

Bonee noapobHbIit aHanu3 dopMbl 3y6HbIX Ayr NpeacTas-
JIeH UcCnefoBaHNAMM, OLEHUBAIOLLMMU BapuabenbHoCTb u-
3M0I0MMYECKMX OKKITIO3MOHHBIX B3aMMOOTHOLLEHWH [13, 14].
ABTOpbI ONpeenunn rHaTMYeckve U LeHTanbHble MHAEKCHI,
Mo3BOJISIOLLME OLIEHWUTb TUMOJIOTMYECKUe 0COBEHHOCTM 3y6-
HbIX [y C Lie/bi0 NPOBEeLEHUs AMarHOCTUYECKUX U NeyebHo-
NPOQUNAKTUYECKUX MEPONPUATHNA.

Mpu BpaxurHatnyeckoii opMe Yalle BCTPeYaeTcs peTpy-
3MOHHBINA TUN 3yBHBIX Ayr, 0COBEHHO NPU HOPMO- U MMKPO-
LEHTanbHbIX TMNax 3ybHbIx cucteM [15]. Mpu ponamxorHatu-
YECKWX BapMaHTax XapaKTepHoi 0cobeHHOCTbIO 3yOHbIX Ayr
ABNAETCA (U3M0orMyecKas npoTpysus pesuoB [16]. ATopbl
UCCNEeAO0BaHUA OTMETUIN, YTO TPY3MOHHBIA TN 3yBHbIX oyr
OKa3bIBaeT B/MAHME U Ha Pa3Mepbl YeNIOCTEN B CaruTTanb-
HOM HanpaBieHuu.
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VHMBGDCMTQTCKGH CToMartonormd
M HeJIIoCTHO-NMUeBan xmpyprma

Pa3mepbl 3yBHbIX Ayr N0 TpaHCBEPCanM TaKKe UMEKT
paznuums y niofen ¢ bpaxu- U AONMXOrHaTMYeCKUMM Bapu-
aHTamu ¢u3nonoruyeckoi okkto3mm [17]. Uccneposatenu
PEKOMEHAYHT UCMONIb30BaTh Pa3NNyHbIe METOAbI AMArHOCTU-
Ku. B T0 e BpeMs B NpuBeJEHHbIX HabMoAeHUAX OTCYTCTBY-
10T CBEJIEHUS O BAIMSHUM HUXHEYENIOCTHOMO Yriia U ero co-
CTaBNALLMX HA GOpMY 3yOHBIX Ay U JIMHENHbIE NapaMeTpbl
YenocTen.

He BbI3biBaeT COMHeHMSt PaKT BAUSHUA aHOManuin ye-
TIOCTHO-NMLEBO 06/1aCTM Ha pa3Mepbl OCHOBHbIX aHaTOMM-
YeCKUX CTPYKTYP KpaHnodaumanbHoro komnekca [18]. B pa-
BoTe noKkasaHa BapuaHTHas aHaTOMUA HUXKHEN YeNIoCTU Npy
(M3MONOrNYECKON 1 NATONOTMYECKON OKKJTHO3UN.

CneumanucTbl 06palLaloT BHUMaHWe Ha 0CObeHHOCTU MU-
KpOLMPKYNALMM NapoAOHTaNbHbIX TKaHel Ha 3Tanax neyeHus
BoMbHbIX C aHOManUAMKM OKKITo3uK [19-21].

Hanbonee BblpaxeHHble MOpdONIOrMyecKMe U3MEHEHUs
B YeJIIOCTHO-/IULIEBOI 06N1acTh ONpeaensoTcs y NAei ¢ Me-
3ManbHOM W QUCTaNbHONM OKKIIO3WEH, OTHOCALLMMCS K aHo-
MannAM B CaruTTanbHOM Hanpasnexuu [22, 23]. B pabotax
MpeACTaBneHbl OCHOBHbIE MapaMeTpbl YeNoCTel, yoeneHo
BHMMaHME CTPOEHMIO HUMHEUENIOCTHOTO CYCTaBa M MbllLey-
HOMy KoMnneKkcy. OfHaKo He MoKasaHbl 0C0beHHOCTH yrna
HVDKHE YeNoCTU, B YAaCTHOCTU PacrofoXeHNs BETBU U MaH-
AMBYNApHON MIOCKOCTY.

Hanbonbluas BaprabenbHOCTb YrI0BbIX W JIMHENHBIX Na-
PaMeTPOB HUKHEN YeNKoCTV NpefCTaBfieHa CrneLmanmcTamm,
OLiEHMBAIOLLMMM YKa3aHHble MapaMeTpbl Y AeTeli B nepuog,
CMEHHOrO0 npuKyca [24].

Bonbluas yacTb MopdoONOrMYecKUX MCCNeLOBaHUi Ye-
TIOCTHO-NMLEBOI 06M1acTU M 3yBOYENioCTHBIX Ayr NpPOBOAM-
nacb y N0Aei ¢ NOCTOSHHBIM NPUKYCOM M bbina Hanpaene-
Ha Ha 0bocHoBaHWe BbIbOpa METOAO0B JIEHEHWUS NaLMEHTOB
C aHOManMAMM OKKJTO3uM [25, 26]. ABTOpbI faHHbLIX paboT
ONpeAeNMNN MOKa3aHWA K JIeYEHUI0 TEXHUKOW 3[XYyalic,
C Y4eTOM TOPKOBbIX 3HayeHui 3y6oB. OHaKO He yKasaHbl
0C0OEHHOCTW PacnonoKeHNUs OKKJTO3MOHHOW IMHWM U [py-
TUX BEPTUKAbHBIX M FOPU3OHTasIbHBLIX NapaMeTPOB YesHCT-
HbIX KOCTEN, onpefensiomx broMexaHWKy XeBaTenbHOro
annapara.

OcobeHHOCTH yrnia HUXKHEN YeoCTU 0Ka3bIBAKOT BAUSIHWE
Ha MOJI0XKEeHWe OKKJTHO3MOHHOW NAIOCKOCTU U OMpefensioT no-
Ka3aHus K UCMo/b30BaHWUI0 annapaToB A/1s ee HopMann3aLum
[27, 28].

YuntbiBas MHOroobpasue (opM aHOManuii OKKJIO3WK
U pa3MepoB YeNOCTEN, MPEANOKEHbl anropUTMbl JieYeHUs
nauuenTos [29, 30].

B poctynHoii nuTepaType Mbl He BCTPETUNN CBELEHMIA
0 BapWaHTHOM aHaTOMWUM W pa3Mepax asbBEOSIAPHON YacTu
W TeNa HWKHEW YesIIOCTW, KaK npu (M3NON0r14ecKoid, Tak
¥ 1PV NaTOJIOMMYECKON OKKITHO3UM, YTO ONPeeNuo aKTyab-
HOCTb U Liefb paboTbl.

Llente uccnedosaHus — onpefenuTb OCHOBHbIE MapaMe-
TPbl COCTABHbIX YaCTel Yra HIKHEN YeNoCTU U X 3HaYeHHe
B KJIMHWYECKOI CTOMATONIOMUM.
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MATEPWUAJIbI U METObI

MpoBefieH aHanu3 TenepeHTreHorpaMM y MauneHToB Mo-
noporo Bo3pacTa (18-25 neT) ¢ pasnMyHbLIMM BapuaHTaMm
¢usmnonoruyeckoro npukyca. MccneposaHue bbino petpo-
CMEKTUBHbLIM, aHaNM3MPOBaNMCh apX1BHblE MaTepuanbl CTo-
MaTonoruyeckux kadenp Bonrorpaackoro rocyaapcTBeHHOro
MeJMLMHCKOro yHuBepcuTeTa. [l3aiiH nccnefoBaHms BRIO-
Yan CTpaTMdUKALMIO PEHTTEHOTPaMM MO NpU3HaKy MpUHaa-
NIEXHOCTM K BEJTMUMHE HIKHEeYenoCTHoro yrna. B 1-to rpynny
BKJTKOYaNM TeNIepeHTreHOrPaMMbl, Ha KOTOPbIX HUXHEYESTHoCT-
HoW yron coctaensn 119-123° n Obin CBOWCTBEHEH Heli-
TpanbHOMYy TUMY pocTa YemocTen. Bo 2-# rpynne BennymHa
yrna coctaensna oonee 124° (BepTUKanbHbIA TWM), a B Tpe-
Tbel rpynne — MeHee 118° (ropuU3oHTaNbHbIA THN).

PeHTreHorpaMMbl npoaHanuavpoBau nocsie nepeHece-
Hus doTorpacdmi B nporpammy Microsoft Power Point B Mac-
wrabe 1:1 no npunaraeMon K TefilepeHTreHorpamMme JIMHeNKe.
Ha BbibpaHHble ans uccnefoBaHWs OPUEHTUPBI YCTaHABM-
BaJIN TOYKY, KOTOpbIE COEAUHAIN JIMHUAIMM C MOCeLYIOLLMUM
“3MepeHneM napameTpoB.

N3MepeHns HUXHEYENIOCTHOTO Yrna NpOBOAWM MO Kaca-
TENbHBIM JIMHUAM K BETBU U TEMY HUKHEN YEMHOCTU, Yepes Bbl-
cTynatoLme Touku. Ha BETBW MCNOMb30BaM TOUKY BbIMYKIIOCTM
3aJHeli NOBEPXHOCTW TOMOBKM HWXKHe! yeniocTn (Touka Co)
W 3apHei noepxHocT yrna (T,). MaHanbynspHyio HWI0 NpoBo-
AV Yepe3 Touku T, n Me. MecTo coeinHeHme YKazaHHbIX SMHUIA
onpesensio MosioeH1e KOHCTPYKTUBHOM TOUKW FOHUOH Go.

B kayecTBe BCcnomoratenbHbIX OPUEHTUPOB MCMOJNb30-
Banacb nuHua N-Se, coefuHAlOLLan cepeivHy BXOAa B Ty-
PeLKoe Ceasio ¢ nepeaHen ToUKoi HoconobHoro Lwea. K yka-
3aHHOM ropu3oHTanM 13 Touku N onycKanu nepneHauKynsp,
0603HauYaeMbl KaK «Ha3anbHas BepTUKasb», KOTOpas no-
3B0AANIA ONPeAenATb Yrilbl HaKMOHA K Hell OKKI3UOHHOV
¥ MaHAMOYNAPHON JINHUA.

Touka yrna HWxHel Yenoctn Go clyxuna opueHTUPOM
LN NOCTPOEHUA BEPTUKANM, NMEpMEeHANKYNAPHOW K JIMHUM
ocHoBaHus yepena N-Se, MecTo nepeceyeHusi 0603Hayanu
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Kak Touky Go'. [Tony4eHHas roH1oHanbHas BEpTUKanb Aenn-
N1a Yron HUXHEN YemCTM Ha 2 COCTaBASIOLLME: Yron BETBU
(Go’-Go-Co) v yron Tena (Go’-Go-Me) HuxHewn YentocTu.

Kpome atoro, u3 Toukn Go B nepefHeM HanpaBneHuu
NPOBOAMAM JINHMIO 10 CynpaMeHTanbHom Toukn Downs B(SM)
pacrnonaratoLLencs B Haubonee yrnybneHHoM MecTe nepes-
HEro KOHTypa HuHew Yentoctu. Jiunusa Go-B(SM) ycnosHo
pa3rpaHWum1Bana anbBeonsAPHYI0 YacTb U TENO HUMKHEN Yertio-
CTW W N03BOASANA U3MEPATb YToN MEXY HUMXHEN anuKasbHOM
JIMHWA W TOHWOHaNbHOW BepTUKanble B(SM)-Go-Go’ v yron
Tena yentoctv B(SM)-Go-Me (puc. 1).

OKK/T03MOHHAs JIMHUS COEAMHANA NEePeSHIOn U 3aJHI0K0
TOYKM OKK/TI031M, 0003HaYaeMble B OPTOLOHTUYECKON MpaK-
TUKe KaK Touku VPOCP n hPOCP. HazanbHo-cybHasanbHas -
HWS, COEAMHAIOLLAA KOXHbIE TOYKM (n-sn), ucnofb3oBanach
HaMM [ CPaBHEHMSA C KacaTeNbHOW JIMHWUEN BETBM YENHOCTH,
KoTopble, KaK npaBuno, bbiny napannesnbHbl.

Mpu aHanu3e WUCMONb30BanM pacyeT CPeAHUX BEMYKH
M OWMOKM penpeseHTaTMBHOCTU (M + m) B Tabnuuax Excel
nporpaMMHoro obecreyeHus NepcoOHaNbHOT0 KOMMbIOTEpa.

PE3Y/IbTATbI U UX OBCYXXAEHUE

B xope nccneposaHna 65 TeniepeHTreHorpaMM nalmeHToB
C (M3MONOrMYECKMM MPUKYCOM YCTaHOBNEHO, YTO HEWTpasb-
HbIV TUN YT1a HUKHERN YeNCTW BCTpedancs B 27 cyyasx, uto
coctaBuno 41,54 + 6,11 % oT uncna npoaHanMU3MpoBaHHbIX
CHUMKOB U onpegenuno 1-to rpynny uccnefoBaHus.

B paHHOM rpynne cpefHee 3HaYeHWe HUKHEYESICTHOrO
yrna coctasuno 120,81° + 1,46°. l1py 3TOM, yron oTKIOHEHUS
BETBW OT FOHMOHasbHOM BepTUKanu (yron Go’-Go-Co) cocta-
Bun 7,46° +0,93°.

Bropas coctaBnstoLLas HUXKHEUENIOCTHOTO Yra, a UMeH-
Ho yron Go’-Go-Me, coctauna 113,41° £ 1,43°. pu aHa-
NU3e YI0B Tena HWXHEN YenCcTU C anbBeoNsipHoN ee
yacTblo 6biio 0TMeyeHo, yTo yron Go’-Go-B coctaBnsn
95,22° + 2,14°, a BenMuMHa yrna Tena HUXKHEN YescTy
B-Go-Me — 18,13° £ 1,93° (puc. 1).

Puc. 1. PacnonoxeHue OPUEHTMPOBOYHbIX TOYEK (@) M AMarHOCTUYECKMX IMHMIA (b) [JJ1 UCCNeA0BaHNA COCTABHBIX YacTen HUXHEYESoCT-

HOT0 yr/a Npy HerTpasbHOM TUMe pocTa

Fig. 1. Reference points (a) and diagnostic lines (b) for assessing mandibular angle components in neutral growth
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B uccnepyemoii rpynne yron, o6pasoBaHHbIN Hasanb-
HOM BEPTUKANbIO NULA M OKKIIIO3MOHHOM MOCKOCThIO, CO-
ctanan 81,85° + 2,09°, ¢ MaHAMBYNSpHOW NAOCKOCTbID —
66,65° + 1,43°, a c nuHuenn B-Go — 84,78° + 2,14°.

Bo 2-1 rpynne uccnegoBanus 6bino npoaHanu3mMpoBaHo
20 TenepeHTreHorpamMM, yto coctasuno 30,77 +5,42 % ot
06LLero KosM4ecTBa CHUMKOB.

B paHHOW rpynne cpefHee 3HaYEHWE HWKHEUENHCTHO-
ro yrna cocrasuno 126,49° + 1,05°, yto 66110 foCTOBEPHO
bonbwe (p <0,05), yeM B 1-i1 rpynne ¥ XapaKTepHO ANS
BEPTMKaNbHOMO TUNa pocTa Yentocteid. pu aToM yron Kaca-
TeNIbHOW K BETBU OT FOHMOHanbHoM BepTuKanu (Go’-Go-Co)
coctasun 8,18° + 0,85°, yTo NpaKTUYeCKM He OTAMYaNoCh
OT aHanoruyHoOro MoKasatesnisi, MofyyYeHHoro B 1-i rpynne
(p > 0,05). Bropas cocTaBnstoLas HUXKHEYENIOCTHOrO Yria,
a uMeHHo yron Go'-Go-Me, paBHsanca 118,32° + 1,43°, uto
poctoBepHo 6onblue (p < 0,05), yem B 1-1 rpynne.

Mpy aHanu3e yrna Mexay TenoM HUMKHEN YemoCTh 1 ee
anbBeoNAPHOI YacTbio Obino 0TMeyeHo, yto yron Go'-Go-B
He3HauuTeNbHO MpeBbillan 3HauyeHus 1-i rpynnbl U cocTas-
nan 98,20° + 2,64°, ogHaKo pasHuua bbina HeJoCTOBEpPHOM
(p > 0,05). BennunHa yrna Tena HukHei Yentoctu B-Go-Me
paBHanack 20,12° + 1,94° (puc. 2, a).

Bo 2-i rpynne yron, obpa3oBaHHbIi Ha3anbHOW Bep-
TMKanbl0 NMLA M OKKJIO3MOHHOW MAOCKOCTbHO, COCTaBNsA
81,3° £ 3,15° 1 He MMen [LOCTOBEPHBLIX Pa3nM4ni C NoKa3aTe-
namu 1-n rpynnbl. HazanbHas BepTuKanb ua 06pa3oBbiBa-
na ¢ MaHANbYNAPHOM NIOCKOCTLI0 yron B 61,69° + 1,55°, uto
BbiNIo JOCTOBEPHO MeHbLUe, Y4eM B 1-ii rpynne. HasanbHas
BepTUKanb 0bpa3oBbiBana ¢ NinHMen B-Go yron BennMyMHoM
81,79° + 2,64°, uT0 He MMENO [LOCTOBEPHbIX PA3/INYNIA C fLaH-
HbIMK 1-1 rpynnbl.

TakuM obpasoM, y nofeil C BepTUKaNbHbIM TUMOM
poCTa YentocTen Yron OTKIOHEHWS BETBU YemoCTW OT ro-
HWOHANBHOW JIMHWWM MPAKTUYECKW He OTauYancs oT mno-
KasaTteneit 1-M rpynnbl, 0AHAKO BEeSIMYMHA TOHWOHAIb-
Ho-MeHTanbHoro yrna (Go'-Go-Me) 6bina [0CTOBEPHO
bonbLue.

Tom 2, N2 3, 2024
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B 3-# rpynne uccnefoBaHWa Bbino NpoaHanM3vpoBaHo
18 cHumKoB, yto coctasuno 27,69 + 5,55 % ot obuero Ko-
JINYECTBA CHUMKOB.

B paHHOW rpynne cpefiHee 3HAYeHUE HWKHEYENoCTHO-
ro yrna coctaeuno 115,41° + 1,11°, yto 6bIN0 AOCTOBEPHO
MeHbLue (p < 0,05), yeM B 1-1 1 2-1 rpynnax M XapaKTepHo
LNs TOPU30HTaNLHOrO TN pocTa YentocTeid. Mpu 3toM, yron
MEXY FOHWOHAMNbHOM BEPTUKAMbK M KacaTeslbHOW K BETBM,
cocTaBun 6,67° + 1,78°, 4To NPaKTUYECKM He OTAIMYANOCh OT
aHanoryyHoro nokasatesnisi, NONYYEHHOr0 B APYrUX rpynmax
(p < 0,05). Bropas cocTaBnsioLlas HUXKHEYEMIOCTHOTO Yria,
a uMeHHo yron Go'-Go-Me, 6bin 108,79° + 1,72°, uto 6bINO
[0CTOBEpHO MeHbLue (p < 0,05), 4eM B 1-1 1 2-i rpynnax.

AHanusupys yrabl Tena HUXHEN YeNocTU C anbBeo-
NAPHOMA €ee 4acTblo OblN0 OTMEYEHO, YTO BESIMYMHA Yrna
Go'-Go-B He3HaunTenbHO NpeBbllLana 3HayeHus 1-i rpynnbl
u coctaensana 93,94° + 3,15°, ogHako pasHuua bbina Hepo-
ctoBepHoi (p > 0,05). BenmumHa yrna Tena HUMXKHEN YentocTu
B-Go-Me 6bina MeHbLLe, YEM B ApyrvX rpynnax v cocTaBnisia
14,83° + 1,94° (puc. 2, b).

B uccnepyeMoii rpynne yros, 06pa3oBaHHbIA Ha3aNbHO
BEPTUKAbIO NMLLA M OKKJI3MOHHOM NNOCKOCTLI0, COCTaBASN
81,72° + 3,81° 1 He UMen LOCTOBEPHbBIX Pa3NMyNiA C NOKa3a-
TENAMK JpYrvX rpynn UCCieLoBaHMs.

HasanbHas BepTMKanb nuua ¢ MaHaubynspHon nno-
cKocTblo obpasoBbiBana yron B 71,22° + 1,71°. HasanbHas
BEPTWKanb 0bpa3oBbiBana ¢ nMHUeN B-Go yron BenMYMHOM
86,06° + 3,15°, 4T0 He MMeNo LOCTOBEPHbIX Pa3fNyMii C AaH-
HbIMW BpYrvX aHanM3npyeMbIxX rpymnn.

TakuM 06pa3oM, y NaLMEHTOB C FOPU30HTANbHBIM TUMOM
pocTa SMua Yron oTKIIOHEHUS BETBU YENOCTU OT FOHWUOHAMb-
HOW JIMHUM TIpaKTUYECKM He OTJMYanics OT MoKasaTesei
1-# rpynnbl, 0fHAKO BEAMYMHA FOHMOHANBLHO-MEHTaNIbHOM0
yrna (Go’-Go-Me) bbina poctoBepHO MeHbLue (puc. 2, b).

O6paluaet Ha cebs BHUMaHWe TOT haKT, YTo He3aBUCMMO
OT BEJIMYMHDI YTT1a HAXKHEN YeNHCTV NpU BCeX BapuaHTax Ha-
3anbHo-cybHa3anbHas BepTUKalb MATKMUX TKaHel ivua bbina
MPaKTUYECKN NapaniefibHa KacaTenbHOM JIMHUM K BETBY

Puc. 2. OcobeHHOCTM pacrofioeHUs COCTaBHbIX YacTeid HUXKHEYEIOCTHOTO Yria NMpu BEpTUKaNbHOM () M FOpU3OHTaNbHOM (b) TMNax

pocTa yentocTei

Fig. 2. Positions of mandibular angle components in vertical (a) and horizontal growth (b)
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Puc. 3. 0cobeHHOCTM pacnosoKeHWs! COCTABHbIX YacTeil HUXHEUYESICTHOO Yriia Npy Me3uasbHoi () U AUCTanbHOI (b) OKKIIo3MK
Fig. 3. Positions of mandibular angle components in mesial (@) and distal occlusion (b)

yenocTu. [pn 3TOM OTKNIOHEHWE JIMHUM BETBM YENCTU 0T
FOHMOHa/bHOM BEpPTMKanM cocTaBnsno ot 6° go 9°. Bapua-
BenbHOCTb HaK/IOHa MaHAMOYNAPHOW MAOCKOCTW, Kak npa-
BWJI0, KOPPE/IMPOBaNa C BEJIMYMHOM Yria HUXKHEN YemoCTU.

Mony4eHHble AaHHbIE UCCE0BaHUS COCTaBHbIX YacTew
yrna HWKHEN YemtocTU Dbl OCHOBOMOMarawwwmUMmU ans
aHann3a aHanorMyHbIX NapamMeTpoB NpK aHOManUsIX NpUKyca
B CaruTTaNbHOM HanpaBieHUU.

Ha BTopom 3Tane uccnegoBaHus bbino npoaHanuaupo-
BaHO 12 peHTTeHOBCKWUX CHUMKOB MaLMEHTOB C Me3UaibHOi
OKKJK03MeN M 16 TenepeHTreHoOrpamM C NpuU3Hakamu auc-
TanbHOWM OKKITIO3MK.

BenmunHa HKHEYemioCTHOro Yria Kak npy MeanaibHoM, Tak
W NPU OUCTaNbHOM OKKITKO3MM BapbypoBaa B LUMPOKUX Mpeje-
nax. Bctpeyanuch BapuaHTbl € BEPTUKaNbHBIM U TOPU30HTaSb-
HbIM TUMOM pocTa YentocTel. HekoTopble KIMHMYECKMe Bapu-
aHTbl TeNIePEHTreHOrpaMM MaUMeHTOB C aHOMaIMAMM MpUKyca
B CaruTTanbHOM HampaBfeHnW NpeAcTaBeHbl Ha pUcyHKe 3.

Mpu nccnenoBaHUM TeNepeHTreHOrpaMM C Me3uasnbHoM
OKKJIK03MEW, YCTAaHOBMEHO, YTO OT/IMYUTENIbHOW 0COBEHHO-
CTbIO ABNSETCA YBESMYEHWE YA OTKIIOHEHUS BETBU HUKHEV
YesIICTU OT FOHMOHaNbHOW BepTUKanu. CpeaHsas BenmumHa
yrna Go’-Go-Co coctansana 18,03° + 1,22°, uTo xapakTe-
pM30Ba0 rHaTMYecKylo GopMy Me3uasibHOr0 COOTHOLLEHMS
3y6HbIX psLOB.

[lns pmcTanbHoOM OKKIO3WM XapaKTEPHO YMeHbLLEHWE Yria
Go’-Go-Co MeHee 4eM Ha 5°. MNpu rHaTM4ecKux opMax aHo-
MaJIiin OKKJTKO3WM OTMeYanach HenapanmesnbHOCTb HasasbHo-
cybHa3anbHOM BEpTUKaM U KacaTeslbHOMW K BETBU YeNHOCTH.

BbiBOAbI

1. ToHWanbHas BepTUKanb, NepneHAMKYNApHas NWMHWM
nepeaHero OCHOBaHMA Yepena, [LEeSUT HUMKHEYenCTHON
Yrofi Ha 2 HepaBHble YacTu. Mpy 3TOM yron OTKJIOHEHWS Ka-
caTesIbHOM IMHWW BETBM OT FOHWasIbHOM BEPTUKANW He UMen
L0CTOBEPHBIX PasfMuniA MEXAY McCnefyeMbIMU Tpynnammu
1 COCTaBNSN B CPpeaHeM oKoso 8°.
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2. TNpw HelTpanbHOM BENIMUMHE Yriia MaHAMbYNspHas nu-
HWSA OTKIOHANACh OT FOHMANLHON BEpTUKaNW B CpefHeM Ha
113,4° + 1,4°.

3. Mpu BepTMKanbHOM TWMe CTPOEHMA NMLA BESIYMHA
yrna Mexpay roHWanbHOM BEpTUKanbio M MaHaubynspHom
NMHKeN bbina aoctoBepHo bonblie (p < 0,05) u coctaBnsna
118,3° + 1,4°, @ npu ropu3oHTaNbHOM TUMe, CYLLECTBEHHO
MEHbLLE, YeM B apyrux rpynnax, a umenHo 108,8° + 1,7°.

3AKJIO4YEHUE

B pesynbTtate uccnefoBaHus NpeasioXKeHo aHanu3upo-
BaTb COCTaBHbIE YacTU HWUMKHEYESIIOCTHOrO Yrna, pasrpaHu-
YeHHble M0 BEPTUKANM U CaruTTanu, IMHUAMM, BbIXOAALLW-
MU U3 TOUKM Go. YcTaHoBNneHa BapuabenbHOCTb COCTaBHbIX
yacTend HWKHEYENICTHOrO yrnia, obycnoBfeHHas TUMOM
pocTa rHaTuyeckoro oTaena smua. Mpu dusmonornyeckoi
OKKJTH03MM BEJIMYMHA OTKIIOHEHWUS! BETBM YEIOCTU OT YCJI0B-
HOW FOHMAHaNbHOW BEPTWKanM cocTasnsana 6—8° BHe 3aBu-
CMMOCTM OT BEJIMUMHBI Yrila YentocTu. MccneayeMblii yron
NpWU Me3nabHOM OKKII3UM YBENMYMBAJICS U COCTaBAS]
B cpeaHeM 18,03° + 1,22°, yTo Gbino gocToBEpHO 6onblue
(p < 0,05), yeM npu GU3MONOTMYECKMX BapUaAHTaX OKKITIO3UN.
[ina pucTanbHOM OKKIO3UM Bbinia XxapaKTepHa BesMYMHa yrha
MeHee 5°. MonyyeHHble AaHHble MOTYT BbITb MONAE3HbI NpK
M3Y4EeHUN BapUaHTHOW aHAaTOMMU HUXKHEN YesloCTH, a TaKKe
B KJIMHWMYECKOW MPaKTUKe Bpayei CTOMATOSIOr0B U YestocT-
HO-NIMLIEBbIX XMPYProB AN auddepeHunanbHoN AMarHocTym-
KM THaTUYeCKMX M 3yD0-anbBeoNspHbIX aHOMasuii NpUKyca
1 OMpeaesieHNs TaKTUKM KOMMJIEKCHOTO IEYEHUS MaLMEHTOB.

A0NOSTHATENIbHAS! UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpPbI BHECAM CYLLECTBEHHbIA BKIaf,
B MOAFOTOBKY CTaTbi, MPOYNAM W ofobpunu (GuHanbHyl Bep-
cvio nepen nybnukauuen. JIMuHBIA BKNAA KaXnoro aeTopa:
T.[. OIMnTpreHko — onpeneneHue au3aiHa UccneoBaHus, Hanu-
CaHWe 1 pefaKTMpoBaHue TeKcTa pykonucy; B.T. firynosa — cbop
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MaTepuana, aHanu3 nonyyeHHbIx AaHHbix, W.H. I0xHoB — pa3pa-
BoTKa MeTo/10B UCCIIE[0BAHNA YTT1a HUXHEI YEMIOCTU Ha TeNepeHT-
reHorpamMMmax, onucaHue MeTof0B UCCNef0BaHMS.

WcTounmnk dmHaHcpoBaHus. ABTOpbI 3aBNIAIOT 06 OTCYTCTBIM
BHELLHero GWUHaHCUPOBaHWSA NMPX HaNWUCaHUK CTaTbY.

KoHdnukT unTepecos. ABTopbl [eKnapupyioT oTCyTCTBUE SIB-
HbIX W MOTEHLMabHbIX KOHDMKTOB MHTEPECOB, CBA3AHHBIX C My-
OnMKaLMeit HacTosALLLEN CTaTbu.

3Jtnyeckuin KomuteT. Matepuan cTatbi [LEMOHCTPUPYET aHa-
N3 IUTepaTypbl 0 MeToAax onpeaesneHns 0cobeHHOCTeN HKHeYe-
TIIOCTHOTO Yrna, yAenas ocoboe BHUMaHMe ero CoCTaBHBIX YacTen.

WHdopmmupoBaHHoe cornacue Ha nybnukaumio. Bee yqacTHu-
K1 0,06poBO/IbHO NoANKcany GopMy MHPOPMUPOBAHHOTO COFIacKs
A0 nybnavKaumm cTatbu.
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Effect of a Modified Herbst Appliance on the
Mandible Assessed by the Finite Element Method
Nikita D. Pirskii ', Roman A. Fadeev 2

! Medical center “Romanovsky”, Saint Petersburg, Russia;
2 North-Western State Medical University named after. I. I. Mechnikov, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: The finite element method is a computational tool widely used in engineering and biomechanics, which is
becoming increasingly relevant in the field of orthodontics. The ability to model a complex biological structures has made it
a valuable tool for understanding the interactions that occur during tooth movement. Orthodontic treatment is based on the
application of mechanical forces to move the teeth to a more desirable position, but these forces also affect the surrounding
tissues, including the periodontal ligament and alveolar bone. The finite element method allows you to predict how these
tissues will respond to various exposures, which helps to develop more effective and safe treatment methods

AIM: To assess the effect of a Herbst appliance on bone structures of the mandible using the finite element method.
MATERIALS AND METHODS: A 3D model of the mandible in a 25-year-old adult patient was built, and the effect of a modi-
fied Herbst appliance on the mandible was assessed by the finite element method.

RESULTS: The physical properties of a viscoelastic material were determined for the 3D model, using a Kelvin model as
the most appropriate best-case scenario for the cortical bone. The model of a static position of the mandible showed that
the maximum mandibular displacement was 1.97 mm, the maximum elastic strain was 1.2% of the allowable limit, and the
stress was less than 0.1% of the allowable limit. The model of mandibular movements during chewing revealed that the
maximum displacement was 0.7 mm in the mandibular angle and coronoid process area. The elastic strain reached 2% of
the allowable limit, concentrating on the distal surface of the mandibular second molar, and the stress was less than 0.2%
of the allowable limit.

CONCLUSIONS: A viscoelastic Kelvin model enabled creating a 3D model of the mandible with properties similar to those
of bone tissue. The use of the finite element method to assess the effect of a modified Herbst appliance on the mandible
allowed for imaging of the displacement, strain, and stress observed while the appliance was utilized.

Keywords: Herbst appliance; finite element method; orthodontics.
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Usyuenue peiicTeua moauduLMpoBaHHOro annapara
Fep6cTa Ha HMXKHIOKW Y4eNoCTb METOAO0M KOHEUHbIX
JJIeMEHTOB

H.I. Mupckuin !, P.A. ®apees?

! MeanumHcKui uenTp «PoMaHoBckuit», CankT-Metepbypr, Poccus;
2 CeBepo-3anafHblil roCyAapCTBEHHbIA MeAMUMHCKMI yHuBepcuTeT uM. U. W. Meunmkosa, CankT-Tetepbypr, Poceus

AHHOTALNA

AxTtyanbHocTb. MeTOA KOHEYHBIX 371EMEHTOB — 3TO BbIMUC/IUTENbHbINA CMOCOD, LUMPOKO UCMOb3YeMbIA B UHXEHepUn 1 buo-
MeXxaHWKe, KOTopbI NpruobpeTaeT Bce BoMbLUYH aKTyanbHOCTb B 061acT opToaoHTMM. CnocobHoCcTb MofenMpoBaTh CIOX-
Hble BuoMOrMYecKue CTPYKTYpbl CLenana ero LEeHHbIM MHCTPYMEHTOM [J1S MOHMMaHWUS B3aUMOZENCTBUIA, MPOMUCXOLALLMX
B MpoLiecce nepemelLeHus 3yboB. OpTOLOHTMYECKOE JIEYEHUE OCHOBAHO Ha MPUMEHEHUM MEXaHUYECKUX YCUIUA [N1S nepe-
MeLLeHnsa 3y6oB B bonee xenaTenbHoe NOSIOKEHME, HO 3T YCUIUS TaKKe BO3AENCTBYIOT Ha OKPYKAlOLLMe TKaHW, BKIKYas
MEepPUOLOHTANIbHYI0 CBA3KY W abBEOJIAPHYI0 KOCTb. METOA KOHEYHbIX 3/1EMEHTOB MO3BOMISET NpeLCKasaTb, KaK 3TU TKaHM
BynyT pearvpoBaThb Ha pa3NyHbIe BO3LEMCTBUSA, UTO NOMoraeT pa3pabatbiBath 6oniee adeKTUBHbIE M Be3onacHble MeToab!
neyeHms.

Lienb. M3yyeHne MeTo0M KOHEYHBIX 31eMEHTOB BO3/EHCTBMA annapata [epbcTa Ha KOCTHbIE CTPYKTYPbI HUMHEN YeHoCTH.
Matepuanbl u MeToabl. PaspaboTaHa 3-MepHas MoAenb HUKHEN YeNoCTW B3POCOro nauueHTa 25 et 1 Npou3BefieH aHa-
n13 aeiicTeua MoauduUMpoBaHHOro annapara epbcra Ha Hee MeTOLIOM KOHEUHbIX 3/1EMEHTOB.

Pesynbtathl. [Ing TpexmepHoii Mogenu onpefeneHbl GU3nUecKme CBOWCTBA BA3KOYMPYroro MaTepuasna Ha 0CHOBaHMM Mo-
penm Kelvin kak Hanbonee yaayHon uaeanusaumn noBeLeHUs KOPTUKANbHOW KOCTH. [pn CUMYNALMM CTaTUHECKOro NoNoxe-
HWS HUXKHEN YTV OMPeAENieHo, YTO MaKCMManbHas BENIMYMHA CMELLLEHNS HUMHEN YentocTu cocTaBnseT 1,97 MM; MaKcu-
MarbHoe 3HaueHWe ynpyroi fedopMaumm coctasnset 1,2 % oT npefenbHO A0MYCTUMOrO 3HAYEHWS;; 3HAUEHWUE HaNpSXKEeHUN
pocturaet coctasnsioT MeHee 0,1 % oT npefenbHo JONYCTUMBIX 3HaYeHMIA. Tpy cUMynaLMM IBUXKEHUS HIKHENR YencTy
B MPOLLECCE KEeBaHUs 0NpejeneHo, YTo MakcuManbHoe cMelleHue cocTaenseT 0,7 MM B 06/1aCTW yrna HUXKHEl YenocTy 1 Be-
HEYHOro 0TPOCTKa; ynpyrue aedopmaumm gocturatoT 2 % oT NpefeNibHOr0 3HaYEeHMs, KOHLEHTPUPYACH B 061aCTV AUCTasbHOIA
MOBEPXHOCTW HUKHEro BTOPOr0 MOJSPa; 3HauYeHMe HanpsikeHui coctasnseT MeHee 0,2 % oT npefenibHO JOMYyCTUMOrO.
BoiBogpl. Vicnonb3oBanue Baskoynpyroi Mogenu Kelvin no3BonsieT cospath 3-MepHyl0 MoAeNb HUKHEN YetocTy Co CBOA-
CTBaMu, NpUBNIMIKEHHBIMU K KOCTHOM TKaHW. M3ydeHune peiicTBus MoamduumpoBaHHoro annapata lepbeTa Ha HUKHIOKW Ye-
NIOCTb METOJ,0M KOHEYHbIX 3/1EMEHTOB M03BOJIUIO BU3YaNM3MpoBaTh ABNEHUS CMeLLeHUs, AeopMaLmv U HanpsKeHUs, BO3-
HWKaloLLMe B Nepuoj, LencTBUS annapara.

Kniwouesble cnoBa: annapart FepGCTa; MeT0[ KOHEYHbIX 3JIEMEHTOB; OPTOA0HTUA.

Kak uutuposatb
Mupckuin HL,, ®apees P.A. V3yyenne feicteus MoambuLmMpoBaHHoro annaparta [epbcTa Ha HWKHIOK YeniocTb METO[IOM KOHEYHbIX 3NeMeHToB //
YHMBEpCUTETCKasA CTOMATONONMA M YeNtoCTHO-NnLeBas xvpypris. 2024. T.2, N° 3. C. 141-150. DOI: https://doi.org/10.17816/uds633465

Pykonucb nonyyeHa: 16.06.2024 Pykonucb opno6peHa: 28.09.2024 Ony6nukoBaHa online: 29.09.2024
V-2
3KO®BEKTOP Cratba poctynHa no nmuen3vn CC BY-NC-ND 4.0 International

© 3ko-BexTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/uds633465
https://doi.org/10.17816/uds633465

PUBLICATIONS OF YOUNG SCIENTISTS

INTRODUCTION

Modern orthodontic treatment planning must be based
on reliable research findings and clinical data. Before ini-
tiating treatment, it is critical to understand how maxil-
lofacial structures will respond to a specific treatment
modality.

Computer technology has made it possible to use the
finite element method for the assessment of orthodontic
forces and their effect on bone tissues [1]. This method is
currently regarded as an important tool for biomechanics
studies in orthodontics.

The finite element method (FEM) is a method for nu-
merically solving differential equations and problems
in mathematical modeling. It is used for approximating
geometric regions and calculating physical field distribu-
tions within them. The initial region is reduced into more
simple subregions known as finite elements, and bound-
ary-condition equations are then solved for each element.
As a result, the regions are visualized with numerical
representations of physical values. FEM computational
packages typically feature visualization, which aids in the
monitoring of internal stress, deformation, and displace-
ment during interactions over time. It is critical to analyze
stress patterns in the maxillofacial area observed dur-
ing orthodontic treatment, because tooth movement oc-
curs when the orthodontic force applied to the teeth and
compact bone influences the entire periodontal ligament,
which triggers cell-mediated response. Bone remodeling
is determined by the nature of applied stress through the
respective stress in the soft tissue matrix or the external
force [1-4].

Advantages of FEM:

1) It is applicable to any structure with any geometry;

2) The method is non-invasive and allows the visu-
alization of pre-, intra-, and postoperative treatment
stages;

3) The reproducibility does not affect material proper-
ties;

4) The method is cost-effective;

5) The method takes less time compared to clinical
studies.

The disadvantages of FEM include confusing results
if incorrect data is entered into the software. Due to the
complex geometry of biological structures, FEM becomes
more reliable when the correct physical properties of bio-
logical tissues are used. The method does not take into
account biological tissue growth; it only represents stress
and displacement distributions. The examined structure is
loaded without adding or removing any materials [5].

STUDY AIM. To assess the effect of the Herbst ap-
pliance on mandibular bone structures using the finite
element method.

Study objectives: 1) To develop a mandible model
compatible with FEM and assess whether it can produce

Vol. 2 (3) 2024

DOl https://doi.org/10.17816/uds633465

Acta Universitatis Dentistriae
et Chirurgiae Maxillofacialis

clinically comparable results; 2) To analyze the model
by calculating the maximum stress, maximum displace-
ment, deformation, equivalent stresses, and principal
stress observed in the mandible when using a modified
Herbst appliance.

MATERIALS AND METHODS

For the purposes of the study, a viscoelastic mandible
model was developed, and forces applied to the mandible
by the modified Herbst appliance were tested.

According to biomechanics, compact bone is a visco-
elastic material, hence this modeling approach was justi-
fied [5, 6]. Viscoelasticity is a property of materials that
exhibits both viscous and elastic characteristics when de-
formed. Materials thus behave as both liquids and solids.

The Maxwell and Voigt models (Fig. 1, a, b) used to
describe mandibular bone tissue.

The Maxwell model is a sequential damper-spring
system. This model shows a similar force applied to the
spring and damper; however, when the force is removed,
the spring returns to its initial state, whereas the damper
does not. With an initial displacement (deformation), this
model allows for a gradual decrease in stress, while with
a constant load, a gradual displacement (the so-called
creeping) is observed [7].

The Voigt model, which is used for the analysis of bio-
logical tissues such as cortical bone, allows for a parallel
action of the damper and spring. In this model, the force
is concentrated in the damper from the moment when
the force is applied to the moment of reaching the maxi-
mum force. The maximum force is the spring is achieved
simultaneously.

In this study, we used a modified Maxwell model with
a parallel elastic element (the Kelvin model). It is also
known as a standard linear model (Fig. 1, c). The Kelvin
model, which combines the features of the Maxwell and
Voigt models, best describes the behavior of the major-
ity of actual viscoelastic materials. Thus, this model is
optimal for assessing cortical bone behavior.

To assess the bone tissue state taking into account
the presence of collagen, we used Prony parameters,
which serve to model the material’s response to loads
over time, particularly in cases of deformation or res-
toration. This allowed representing the mandibular bone
tissue as a material containing elastic and viscous ele-
ments, making it possible to identify simple components
of a complex rheological characteristic, simplifying the
analysis and interpretation of study findings. Determining
the maximum principal stress, as well as the von Mises
stress, is the gold standard for assessing stress distri-
bution in the cortical bone. This helps to assess the de-
formation capacity (or destruction) of a plastic material.
The assessment of both stresses is based on the fact that
the von Mises stress indicates the total stress distributed
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a b

Tom 2, N2 3, 2024
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Fig. 1. a, Maxwell model; b, Voigt model; ¢, Kelvin model. Explanations are provided in the text
Puc. 1. a — Mogenb Maxwell; b — mogenb Voigt; c — mogenb Kelvin. MosicHeHus B TekcTe

Fig. 2. 3D model of the mandible
Puc. 2. TpexMepHas MofeSb HIXHEN YenCTU

in the mandible in all axial planes. On the contrary, the
maximum principal stress is limited by the stress in
a specific area under single-axis loading.

The mandible model was created by transforming
cone beam computed tomography (CBCT) images of the
mandible into 3D models (Fig. 2). CBCT images of an adult
male patient (25 years old) with a distal occlusion were
selected. The 3D model was analyzed using the ANSYS
software. The model geometry was imported, and a grid
was built using various modules of the ANSYS software
(Fig. 3). The model had the following dimensions: width
140 mm, length 180 mm, and height 100 mm. Material
parameters included the Young's modulus (modulus of
elasticity) and the Poisson’s ratio (a mechanical property
of the material that indicates its deformation perpendicu-
lar to the loading direction) (Table 1) [8-13].

In the first molar area, forces of 200 N (vertical) and
300 N (horizontal) were applied to model the force ap-
plied by masseter muscles to the mandible and dental
arches in a static position using the Herbst appliance.
When modeling the maximum stress in mandibular el-
evator muscles, the total applied force was 582 N, with
a loading time of 3 s: loading — exposure — unloading
(1 s per stage). These forces were based on the mean
masticatory force and the forces generated by masseter
muscles described in the literature [8]. The finite element
analysis included three stages: 1) preprocessing; 2) pro-
cessing, and 3) post-processing.

DOl https://doi.org/10.17816/uds633465

Fig. 3. Finite element method grid
Puc. 3. CeTka MeTofla KOHEYHbIX 3/IEMEHTOB

Preprocessing stage. After developing the model and
determining the grid density, the grid was generated as
shown in Fig. 3. Table 2 represents Prony distributions.
These properties will determine the behavior of materi-
als after applying a specific load. Relative modules are
ratios of the modules of elasticity (or rigidity) of vari-
ous Prony distribution components to the general model;
they are used to calculate the effect of each compo-
nent on the total rigidity of the material. The relaxation
time is the rate at which a material responds to applied
forces and changes its form or structure in response
to these forces.

After determining the properties of the material, it
is critical to establish boundary conditions (limitation of
node movement in one or several directions along the X, Y,
and Z axes). This ensures the stability of a mandible
model and enables the visualization of deformation and
stress. Boundary conditions were applied to mandibular
articular processes (Fig. 4).

Moreover, a mandible model with physiologically at-
tached masseter muscles was created to simulate the
maximum stress observed when using a fixed modified
Herbst appliance (Fig. 5).

Processing stage. The purpose of this stage was to
assess the development and changes in stress and de-
formation of the mandibular bone tissue during 6 months
of treatment. This study focused on the displacement rate
and changes in stress due to creeping.
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Table 1. Modulus of elasticity, Poisson’s ratio and other characteristics of materials
Tabnauua 1. Moaynb ynpyroct, KoagduumeHT MyaccoHa U Apyrue XapakTepucTUKU MaTeprasnos

Material properties

Measuring area Modulus Poisson’s Density a/cm?’ Creep limit, Ultimate strength,
of elasticity, hPa ratio ¥.9 MPa MPa
Enamel 20 0.3 1.45 250 360
Cortical bone 17 0.3 2 250 460

Table 2. Prony distributions
Tabauua 2. Pacnpepenenus Prony

Relative modules, i

Relaxation time, s

0.45
0.07
0.04

5
35
400

Fig. 4. The force corresponds to the use of a modified Herbst
appliance. Viscoelastic properties of the cortical bone we added.
Boundary conditions were applied to articular processes of the
mandible

Puc. 4. Ycunusa cooTBETCTBYHOT HaoXeHWU0 MOaU(UUMPOBAHHO-
ro annapara epbcra. [lobaBneHbl BA3KOyNpyrue xapaKTepuUCTUKH
KOPTUKasbHOM KOCTW. [paHWyHbIe YCOBUS HaOMKEHbl Ha CyCTaB-
Hble OTPOCTKM HUMHEN YemiocTy

The behavior of a viscoelastic mandible model du-
ring 1 s at the start, middle, and end of treatment was
simulated.

Post-processing stage. This stage demonstrates how
applied forces affect bone tissue in terms of displace-
ment and stress distribution. The results are presented
as graphic colored contours with values. This helps to
identify various output data patterns. The colors vary
from red to blue.

RESULTS AND DISCUSSION

First simulation case. The forces correspond to a fixed
modified Herbst appliance; viscoelastic properties of the
cortical bone were added.

DOl https://doi.org/10.17816/uds633465

Fig. 5. Model of the mandible with physiologically attached
masseter muscles and a fixed modified Herbst appliance

Puc. 5. Mogenb HXKHel Y4entocTh ¢ GU3MONIOr1YeCcKUM KpeneHu-
€M JeBaTesIbHbIX MbILLL, U GUKCMPOBAHHBIM MOAUGULIMPOBAHHBIM
annaparom epbcTa

The maximum displacement was 0.89 mm and
1.97 mm at the start of treatment and after 6 months,
respectively. The displacement was observed in the an-
terior and inferior directions (clockwise rotation). The
displacement rate decreased from incisors to the last
molars. Thus, the mandibular teeth and mandibular
body are displaced in the anterior and inferior directions
(Fig. 6).

Maximum return elastic deformations are observed
in the retromolar area, mandibular notch, and mandibu-
lar ramus, as well as at molar-premolar contact points.
The articular process, incisor contact surfaces, mandibu-
lar body, and chin show the greatest compression stress.
The maximum elastic deformation was 0.6% and 1.2% of
the threshold value at the start of treatment and after
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6 months, respectively. We can conclude that the expec-
ted elastic deformation will increase over time. However,
these values are not associated with a risk of cortical
bone fracture or enamel defects, because the bone tis-
sue and enamel have a high elastic limit (250 MPa). The
strength of biomaterials varies significantly; however, the
enamel typically has a greater strength.

The von Mises stress is observed in the retromolar
area, mandibular notch, and mandibular ramus, as well
as at molar-premolar contact points. Equivalent stress
values reach 0.28 MPa and 0.37 MPa at the start of
treatment and after 6 months, respectively. The creep
limit for the cortical bone and enamel is 250 MPa.
The resulting stress values amount to <0.1% of this val-
ue; thus, the requirements for the margin of safety are
met (Fig. 8). In some cases, we use orthodontic implants
in the retromolar area in combination with a modified
Herbst appliance. The resulting stress is not associated
with a risk of impaired stability of orthodontic implants
in this area.

Principal stress areas at the start of treatment and af-
ter 6 months are localized along the mandible and dental
arch (Fig. 9). The maximum value was observed in the
retromolar area and the center of the mandibular ramus,
amounting to 0.317 MPa and 0.32 MPa at the start of

Fig. 6. Maximum displacement at the start of treatment (a) and
in 6 months (b)

Puc. 6. MakcuManbHoe cMelLieH e B Hadane NeyeHus (a) U Yepes
6 mec. (b)

Tom 2, N2 3, 2024

yHMBepCMTeTCHaﬂ CToMaronorya
M HeI0CTHO-NTMUeBan xmpyprma

treatment and after 6 months, respectively. The risk of
cortical bone defects and impaired stability of orthodontic
implants in this area is minimal, because the ultimate
strength of the bone tissue is high.

Table 3 presents the values of studied parameters and
their characteristics.

The von Mises stress in the viscoelastic material
model increases by approximately 37% from the start of
treatment to 6 months, while the principal stress remains
the same. This is due to the continuous application of a
multi-axis load during a specific period of time. However,
these forces generally have little impact on bone tissue,
enamel, and additional fixed orthodontic appliances.

Second simulation case. The forces correspond to the
fixation of a modified Herbst appliance and mandibular
elevator muscles; viscoelastic properties of the cortical
bone were added.

The maximum displacement is observed in the man-
dibular angle and coronoid process areas, amounting to
0.7 mm (Fig. 10). Notably, these areas are where the
masseter and temporal muscles are attached; these
muscles are directly involved in the action of the appli-
ance during mastication. The displacement in viscoelastic
materials is non-linear, as shown in Fig. 11. The defor-
mation increases under a constant load.

a b

Fig. 7. Return elastic strain at the start of treatment (a) and in
6 months (b)

Puc. 7. BosBpatHble ynpyrue gedopMaumuy B Havane nedyenus (a)
1 yepes 6 Mec. (b)

a b

Fig. 8. Von Mises strain at the start of treatment (¢) and in
6 months (b)

Puc. 8. HanpsikeHus von Mises B Hayane nedenus (a) u yepes
6 mec. (b)

DOl https://doi.org/10.17816/uds633465

a b

Fig. 9. Key areas of strain at the start of treatment (a) and in
6 months (b)

Puc. 9. 0bnactvt rnaBHOro HanpsiKeHus B Hauane neyeHus (a)
1 yepes 6 Mec. (b)
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Table 3. Comparison of von Mises voltage and main voltage before treatment and after 6 months
Tabnuua 3. CpaBHeHWe HanpsxeHus von Mises 1 rNaBHOro HaNpsXKeHWs o NleYeHns U cnycTs 6 Mec.

Changes Von Mises stress Principal stress
At the start of treatment, MPa 0.28 0.317
After 6 months, MPa 0.37 0.32
Difference, % 37 0.94

Maximum return elastic deformations are observed on
the distal surface of the mandibular second molar (2%).
They amount to 0.7% in the articular and coronoid pro-
cess areas, as well as the mandibular angle area, and
to 1% in the lingual area of the cortical bone, near the
mandibular second molar (Fig. 12). These values are not
associated with a risk of cortical bone fracture or enamel
defects, because the bone tissue and enamel have a high
elastic limit (250 MPa).

The von Mises stress peaks in the lingual area of the
cortical bone (0.9 MPa; 0.2% of the threshold value); in
the articular and coronoid process areas, as well as the
mandibular angle area, it amounts to 0.45 MPa (0.01% of
the threshold value) (Fig. 13).

Principal stress areas are localized along the man-
dible and dental arch (from 3.4 to 4.4). The maximum
value is observed in the mandibular ramus area, amount-
ing to 0.48 MPa (Fig. 14). The risk of cortical bone defects
is minimal.

CONCLUSIONS

1. A 3D mandible model has been developed using the
finite element method, with properties similar to those of
the bone tissue. The resulting displacement was similar
to the effects observed in clinical practice.

2. The 3D mandible model was employed to as-
sess the bone tissue when using the Herbst appliance.
The maximum displacement 6 months after the start of
treatment was 1.964 mm; the maximum elastic deforma-
tion was 1.2% of the threshold value; and the stress was
less than 0.1% of the threshold value. During masticatory

Fig. 12. Return elastic strain during the maximum strain of
mandibular elevator muscles with a fixed appliance

Puc. 12. BosspatHble ynpyrue fedopmauum npy MakcMManbHOM
HaNpSXKEHUW MbILLLL, NOAHUMAIOLLMX HUXKHIOK YemocTb, € BUKCK-
pOBaHHbLIM annapaToM

DOl https://doi.org/10.17816/uds633465

Fig. 10. Maximum displacement during the maximum strain
of mandibular elevator muscles with a fixed appliance

Puc. 10. MakcumanbHoe cMeLLeH e Npy MaKCUMabHOM Hanpsxe-
HWM MBILLLL, NOJHMMAIOLLMX HUXKHIOK YeNtoCTb, C GUKCUPOBaHHBIM
annaparom

Fig. 11. Strain curve (X-axis: time, seconds; Y-axis: strain)
Puc. 11. Ipaduk pedopMaumm (ocb abcumcc — BpeMs B CeKyH-
[ax, no ocu opauHaT — AedopMaums)

force modeling, the maximum displacement was ob-
served in the mandibular angle and coronoid process
areas, amounting to 0.7 mm. Maximum elastic deforma-
tions were observed on the distal surface of the man-
dibular second molar, amounting to 2% of the threshold
value.

Fig. 13. Von Mises strain during the maximum strain of man-
dibular elevator muscles with a fixed appliance

Puc. 13. HanpsikeHus von Mises npu MaKcMManbHOM Hampsixe-
HWM MBILLLL, NOLHUMAIOLLUMX HUXKHIOK YeNoCTb, C GUKCUPOBAHHBIM
annaparom
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Fig. 14. Key areas of strain during the maximum strain of mandibular elevator muscles with a fixed appliance
Puc. 14. 06nacTvt rnaBHOrO HaMpsXKEeHUs NPYU MaKCUMabHOM HaNpSXKEHUW MbILLLL, MOLHUMAIOLLIMX HUMKHIOK YeNtCTb, C GUKCMPOBAHHBIM

annapaTtoM

CONCLUSION

Further research into the behavior of orthodontic ma-
terials and appliances using the finite element method has
a huge potential [14, 15]. Viscoelastic mandible models
allow simulating the effects most similar to those ob-
served in real-world clinical practice. Given the limitations
of this method, it is critical to specify the widest range of
parameters of studied objects, from model dimensions to
physical properties of biological media, in order to pro-
duce the most reliable results. We hope that our study will
be followed by further research on the subject.

AOMO/JIHUTE/IbHAA UHOOPMALIUA

Bknap, aBTopoB. Bce aBTOpbl BHEC/W CYLLECTBEHHbIA BKIaz
B MOArOTOBKY CTaTbu, MPOYnM U ofobpunu uHanbHylo Bep-
cuio nepef, nybnaukaumen. Bknap kaxporo asTopa: H.[. Mup-
CKkuit — cbop u obpaboTKa MaTepuanoB, HanucaHWe TEKCTa;
P.A. ®afeeB — KoHLeNUWs 1 An3aiiH UCCRe0BaHuA.
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OcHoBHbIe 3Tanbl pa3BUTUA 3y603paquaHm|

U 3y6HOro npoTe3supoBaHuA C ApeBHUX BpeMeH
Ao Havyana XX Beka

P.A. ®agees, A.B. Ky3HevoB

CeBepo-3anapHblii rocyaapCcTBeHHbIN MeAULMHCKUI yHuBepcuTeT UM. U.U. MeunmnkoBa, CankT-leTepbypr, Poccus

AHHOTALNA

CoBpeMeHHas CTOMaTofiorUss — 370 pe3y/nbTaT MHOTOBEKOBOW 3BOSIOLMW 3HAHWW, YyMeHuI 1 MaTtepuanos. [loteps 3ybos
BCerfa NpuBOAUNA K YXYLLUEHMIO KaYeCTBa U3HH, Bbi3biBasi IMOLMOHANbHBIN U huanyeckuid auckomdopt. C ApeBHUX Bpe-
MEH NSy CTapanucb 3aMecTUTb YTpadeHHble 3ybbl NpoTe3aMu, BeAb KpacuBas yNibibKa BCerfa cumTanach nokasaresneM 30-
POBbS M BbICOKOrO CTaTyca ee obnagartens. [lo Hawmx LHeN COXPaHUNUCh UHTEPECHbIE MaTepUabHble [LOKa3aTebeTaa nyTh
pa3suTuA 3yboBpaueBaHMsa W 3ybHOro NpoTesnpoBaHus. Llenb cTaTbm — MpocneauTb OCHOBHbIE 3Tanbl pa3BuTUA 3yb6HOro
MPOTE31POBaHMA C PEBHUX BPEMEH A0 Havana XX B.

Kniouesble cnoBa: ucTopus; 3y6oBpayeBaHme; 3y6Hoe NpoTe3npoBaHme.
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Dentistry Evolution: from Ancient Times
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ABSTRACT

Modern dentistry is the result of centuries of knowledge, skill, and material development. Loss of tooth has always resul-
ted in a lower quality of life, producing emotional and physical distress. Since ancient times, people have attempted to re-
place missing teeth with prosthetic teeth, as a beautiful smile has always been a sign of good health and high social status.
Some fascinating material evidence of the evolution of dentistry and Prosthetic Dentistry has survived to the present day.
The paper discusses the key stages of prosthetic dentistry evolution from ancient times to the early 20 century.
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VCTOPUAMELVLMHBI

BBENEHUE

Ye Ha 3ape pasBWTUSA LMBMIM3ALMW TIOOU YOENAU
BHMMaHWe COCTOSHMIO MOMocTW pTa. B packonkax Ha Tep-
putopum lakuctaHa obHapyxeHbl cnefbl NpenapupoBaHus
3yboB y nopen, xmewux 9000 net Ha3ag, B 3N0Xy HeonMTa.
lpeanonaratoT, YTo NepPBbIA CTOMATONOTMYECKUI MHCTPYMEHT
npeAacTaBnsn coboi AepeBsHHOE CBEP/IO C KPEMHMEBBIM Ha-
KOHEYHMKOM. B KauyecTBe NnoMOMpOBOYHBIX MCMOMb30BaMN
MaTepuanbl, cogepatumne cmony [1].

B cTatbe paccMoTpeHbl OCHOBHbIE 3Tanbl 3BOSIOLMN 3y-
boBpaueBaHna 1 3ybHOro npoTe3vpoBaHWA Ha MpuMepax
[pesHero Erunta, umsunusaumm mMams, [pesHero Kuras,
[pesren Nnoum, [pesrero Puma, Mepcun u banxHero Boc-
TOKa, 3noxu paHHero CpefHeBeKoBbS, cToMatonorun EBpo-
nbl XIX 1 Hauana XX B.

CTOMATOJI0r A APEBHEIO ErUMNTA

MepauumHcKas Hayka B [JpeHeM Erunte bbina oyeHb pas-
BMTOW W, 0CTaBasCb HEMPEB30MAEHHON MHOrME COTHU JeT,
CTana 0CHOBOW 3HaHWI W YMeHUN ana uenutenen [lpeBHen
peunn n [pesHero Puma.

K.A. MNawKoB yKa3biBaeT, YTO OLHOW U3 TNaBHbIX NpK-
YWH CTOMATONOrMYECKUX 3aboneBaHuiA y XuTenei ApeBHero
ErunTa, BHe 3aBMcMMOCTM OT cocnoBuid, Bbinn ocobeHHoCTH
nuwy. bonbLuyio YacTb MX paumMoHa cocTaBnsAn xeb ns Myku
rpyboro nomona, B KOTOpyl0 MoMaganu YacTuubl KaMHs U3
JKEPHOBOB W MECYUHKU, YTO MPUBOAMIIO K CTUPaHMIO TBEPAbIX
TKaHeW 3yDOB, Pa3BUTMIO MOBLILIEHHOW YYBCTBUTENIBHOCTY,
a B [JaNbHeMLLeM K BCKPbITMIO MonocTu 3yba, uHbmumpo-
BaHWIO MyfbMbl, Nepexofy BOCMaJeHWS B NepuanuKanbHble
TKaHM ¢ pa3BuTeM abcuecco M GrerMoH [2]. Yacto kutenu
yMUpanu 0T MHGbEKUMIA, KoTopble NOSBASAMCh B MOJIOCTU pTa
1 pacnpocTpaHsnnchb No BceMy opraHusmy. Moatomy B [lpes-
HeM ErunTe Bpauu Yalue ypansnu nopaxeHHble 3y6bl 1 ne-
UMM BOCTIANUTENbHbIE MPOLECChI.

lpobnema croMatonornyeckux 3abonesaHuii B [JpeBHeEM
ErvnTe Kacanacb He TOMbKO MPOCTOMIOAMHOB, HO U apaoHoB.
Tak, npu obcnepoBaHum Mymun dapaoHa AmeHodyca i, mc-
CnefoBaTe YCTaHOBUM, YTO OH [LEICTBUTENbHO CTpajan ot
boneshm 3yboB, 0 UeM TaKKe CBUAETENbCTBYET APeBHWE Na-
nupycel. MpasutenbHuua Xatwencyt (1479-1458 rr. go H. 3.)
yMepria oT abcuecca, BbI3BaHHOMO OCIIOXHEHHBIM KapyecoM.
Hapo 3amMeTwTb, 4TO MOHATME M NOHMMaHWE NPUUYMH Kapueca
MOSIBIANIOCH 3HAYUTENBHO MO3JHEE, a B Te BPEMEHA BUHOBHUKOM
TaKoro TMNa pa3pyLueHmns 3yba cumrancs «3ybHoun YepBby [3].

NMeeTcs MHOrO [Lo0Ka3aTenbCTB (TEKCTbI HA COXPaHMBLLMX-
CA [0 HaWWX AHel manupycax, HacTeHHble U300paxeHus),
uto npodeccus 3ybospaueBatens B Erunte passuBanach
n nountanace. Eruntase obnagamv rnyb6okuMmu nosHaHus-
MW B 3TOM 06nacTy, 3Hanu 0 Nosie3HbIX CBOWCTBAX pacTeHwuid
W UCMOMb30BaM UX 4151 U3rOTOBNEHUS CPEACTB Asl JIeYeHUs
3aboneBaHWin MONOCTU PTa, TaKWUX Kak BOCMaNeHUe JecHbl,
U3bA3BIEHMSA, BOCNaNeHWe HepBa 3yba [4].
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VHMBGDCMTQTCHGH CToMartonormd
M HeJTIoCTHO-NMUeBad xmpyprma

Puc. 1. MocToBuaHas KOHCTPYKUMA C QUKCALMEN UCKYCCTBEHHBIX
3y60B C NOMOLLBIO 30/10TOM NPOBOSIOKM [6]
Fig. 1. Bridge with prosthetic teeth fixed using a goldwire [6]

Ynenanocb BHMMaHWe TaKXKe NMYHOW rurueHe. Ermnta-
He Aenanu 3ybHylo NacTy M3 CKOpMYMbl UL, NEM3bl, MUPPbI
¥ nenna. [ina unctku 3yboB MCnosb3oBanMchb NanoyKky, KoTo-
pble HYXHO bblT0 NpeABapuUTENBHO pa3eBarb. B My3esx Mupa
NpeacTaBneHbl MUIYEHNYECKWe NPUCNOCOBNEeHMSs, HalAEeHHbIE
B rpobHMLax hapacHOB ¥ NpefCTaBUTENEN BbICLLEN 3HATW.

MpobneMa HenpusATHOro 3anaxa 130 pTa Takxe bbina aK-
TyanbHa. [ing ee peLUeHns 3roTaBAMBaM XBaYKM Ha OCHOBE
MeJla, KOpULbI, MUPPbI, 1lafiaHa U NUHBOHA.

B nanupycax XVII B. 80 H.3. bBbinM HangeHsl cBuie-
TeNnbCTBa MPOBEAEHUS XMPYPrUYECKUX BMeLLATeNbCTB Npu
nepenoMax YestocTen, BbIBUXaX BUCOUHO-HIKHEYEICTHOrO
cyctaBa. [Manupycol anoxu Mtonemees (IV BeK Ao H. 3.) co-
Lepxart u3obpaxeHus onepauuii No yaanexuto 3ybos, a Tak-
e CaMUX MHCTPYMEHTOB B BUAE LUMNLOB [5].

B Erunte cTOMaTONOMM YMENM 3aMeHsTb BbiNaBLUKe
3ybbl UCKyCCTBEHHBIMM, 06pabaTbiBaTh KapUo3HbIE NOAOCTY.
Mpu U3roTOBNEHUM NPOTE3HBIX KOHCTPYKLMIA MPUMEHSAN 30-
I0TYH0 NPOBOMIOKY ANS BUKcaLmm BbiNaBLLMX 3yHOB K MMelo-
wmmcs [1, 6] (puc. 1). Mpwn 3TOM MO BbITb UCMOSL30BaHbI
3ybbl KaK camoro 605bHOrO, TaK W ero paboB WM MaBLIKX
B CpaeHun BoMHOB [5]. PeaKo MCKyccTBeHHbIe 3ybbl BbiTa-
UnMBanu U3 LpeBecuHbl TBEPAbIX NOPOS.

Cpeaum 3KcnoHaToB mapwxcKoro Myses YenoBeka ecTb
yepen ¢ rnyboKkUM KapuecoM NepBOro Monsipa HUXHEN ue-
nocTu. Ha HeM BMAHBI ABa KPYr/biX 0TBEPCTUS OAMHAKOBOr0
OVaMeTpa, 04eBMAHO, ANS BbIMYCKa BOCMANMTENBHOIO 3KC-
cypara.

CTOMATOJ10 U LLUBUJTU3ALIMN MAIAS

CroMatonorus ApeBHUX Maisl Obinla 04eHb BbICOKO pas-
BMTOW. Ycnyramu 3ybHoro BpayeBatens nosb30Banmch U npa-
BUTENM, U 0ObIYHbIE KMTENM BHE 3aBUCUMOCTU OT (MHAH-
COBOr0 COCTOAHUA. 3ybbl APEBHWX Maiist Bbl ropLOCTbH
WX BNafeNbLIeB: OHM YacTO YKpaLlanu 3ybbl AparoLeHHbIMU
KaMHAMU, HepUTOM, araToM, brpro3oi, reMaTUToM, a TaKkKe
30/10TOM, MHOT A Aae B paHHeM Bo3pacTe [1] (puc. 2). Takoe
YKpalLLeHue 3y60B CIYKUNO He TONbKO ANs 3CTETUMECKUX, HO
1 BJS LLyXOBHBIX LieNiei.
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Fig. 2. Teeth adorned with gemstones [1]

M3yyas cnocobbl KpenneHus yKpallenuit K 3ybam, KoTo-
pble bbinn 0bHapyKeHbl Npu packonkax B [Batemane, benn-
3e 1 [oHaypace, y4eHble BbISCHWIM, YTO CTOMATON0rMYECKUIA
LLeMEHT TOro BpeMeHM Dbl HeBEPOATHO MPOYHBIM U CMOCOO-
HbIM YepXMBaTb [EKOPATMBHbIE KAaMHW B TEYEHWE COTEH
net. B coctaBe uemeHTa 0BHapyKeHbl BeLLecTBa, NPOTUBO-
LECTBYIOLLME Pa3BUTUIO Kapueca, CHUXKaloLLmMe BoCraeHue
B MOJIOCTH PTa, a TakKe bopioLumecs ¢ pa3BuUTMEM UHMEKLK-
OHHoro npouecca. lonoctv ans duKcaumm yKpaLleHuii B 3y-
6ax 6binK BbIMOMHEHBI 04EHb aKKYpaTHO, be3 NoBpexaeHus
nynbnbl. Ha 3ybax obHapyxwunm ocTaTku cKnapeonupa —
PacTUTENBHOrO BELLECTBA C aHTUrPUBKOBBLIM M aHTUDaKTepU-
anbHbIM cBoiicTBaMu. 3yboBpayebHble LieMeHTbI cogepKany
COCHOBYIO CMOJTy, B KOTOPYIO TaK)Ke BXOAAT aHTUbaKTepumanb-
Hble KOMMOHEHTbI. Maisl perynsipHo YiCTUAM 1 NoMpoBay
3y6bbl. lopaxeHHble 3ybbl BoBpeMs yaansnuchb. [lpeBHue
Maiis Bnagenu yavBuTENbHBIMW CEKpeTamMu CTOMATONoruu,
M 3TU 3HaHWA NO3BONIAZIM HE TONBbKO YKpaLlaTb UX YNbIOKK,
HO U COXpaHATb 3yDbl B OTIMYHOM COCTOSIHUW.

O6paLuaet Ha cebs BHMMaHMe npenapupoBaHue 3y6oB
onpeAenieHHoi GopMbl, KOTOpOe, BEPOSTHO, COOTBETCTBOBA-
710 3CTETUYECKMM NPeCTaBEHNSIM Maiisi TOTO BPEMEHM.

CTOMATOJ10Ira APEBHEIND KUTAA

WcTopus BOCTOYHON MeAMLIMHBI KOPHAMU YXOLUT B LIMBH-
nmsaumo [peBHero Kutas u HacuutbiBaet bonee 2500 nert.
Cromatonorus [IpeBHero Kutas otpaana obLIMIA BbICOKWI
YPOBEHb Pa3BUTMSA UMBUAM3aLMA. Yaensanock 6osbLuoe BHU-
MaHue JIMHHOM rMreHe 1 NpopuNaKTUKe CTOMATOIOMMYECKMUX
3aboneBanuin. [lpefnucbiBanocb €XeAHEBHO YMbIBAThCA
1 nosiockatb poT. [poobpas coBpeMeHHOM 3yOHOM LLETKM No-
ABUNCA UMeHHO B [lpeBHeM Kutae, rae BnepBble MPUMEHUNN
LLETMHY XMBOTHbIX Ans ee usrotoenenus [1]. Kpome Toro,
€CTb NPEeAMNoSIoKeHMe, YTO 3yDHasA LEeTKa B BUAE MaoYKy,
KOTOPYI0 HYXHO pa3eBaTb, Mpuiien B apabckue CTpaHbl
Takke 13 Kutas. B 300-500 rr. go H. 3. B Kutae yxe cyue-
CTBOBAM pas/iNyHble peLenTbl 3yBHOM nacTbl.

CoxpaHunucb ApeBHME TPaKTaTbl C OMUCAHWAMM MHO-
MMX CTOMATOSIOrMYecKnx boniesHel U CrnocoboB UX NeYeHus.
Hanpumep, B ciyyae BO3HWKHOBEHUS CWbHOW 3yBHOM Bosn
B MOJIOCTb MPUYMHHOIO 3yDa 3aKNafblBaiM MbILbSAK, KOTO-
Pblii Bbi3blBajl HEKPO3 MyNbMbl, M HACcTynano objeryeHue.
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[lns 3anosHeHUs KOpHEeBbIX KaHanoB 3y60B nocne yaaneHus
Nynbnbl KuTanckui yuenbiin Cy-KyHr, xwBlumin B VIl B. H. 3.,
npezanaran ucnosb3oBatb pacniasneHHoe cepebpo. YunTbiBas
TeMmneparypy nnaenenus cepebpa, ryMaHHOCTb TaKoro cnocoba
BbI3bIBAaET COMHEHME, HO BaXKeH CaM (aKT NOHUMaHUs Heob-
XO[IMMOCTW Ka4eCTBEHHOM NIIOMOUPOBKM KOPHEBBIX KaHasoB.

B MeauumHckux TpakTartax VIl B. ecTb cBeaeHMSA 0 npuMe-
HEHUM NS NOMBMPOBKM KapuO3HOI NoNocTn «cepebpsHon
nacTbl» — npoobpasa coBpeMEHHOI aMasibraMsi.

BaxHoe 3HayeHue npuAaBanocb O0CMOTPY AA3blKa.
OuenuBanucb pa3Mep, LBeT, GopMa, HaneT M BAAKHOCTb
A3blKa. Mo 3TMM Mpu3HaKaM AMarHoCTMPOBanM HeKOTopble
3aboneBaHus.

PassuBanacb B [lpeBHeM Kutae u uyentocTHo-nuueBas
Xupyprus. bbinu onucaHbl cnocobbl M MHCTPYMEHTBI ANs
yLaneHus 3yboB no Bo3MoxHoOCTH 6e3bone3HeHHo u be3 oc-
NOXXHEHWH, a TaKKe NPUMEHEHWe aHTUCENTUYECKMX Npenapa-
TOB 418 feyeHus 3yboB. B paHHMX MeMLIMHCKUX TpaKTaTax
OMMCaHo, YTO HeKoTopble uTenu Kutas Hocumu nonHble
CbeMHble NpoTe3bl U3 gepesa [7].

CTOMATOJ10r st APEBHEA UHAWUK

0 passutum ctomatonorum B [lpeHen NHauM yueHble Mo-
YT CyAuTb NO CBALLEHHBIM KHUraM — Bepam. Cuutanoce,
4TO BpayeBaHMe — CBALLEHHOE [EeNo, YTO TalaHT 1 Cnocob-
HOCTb 3aHMMATbCA MEeAUUMHOM [apoBaHbl JIlAAM Mo Boje
BEPXOBHbIX HOroB.

B cnyyae pa3BuTMsa BoCnaneHWs CIM3UCTOM NOSIOCTU pTa
npeaniaranoch Bblpe3aTb MOpaeHHble yyacTKW. Tak Kak
B MPeLCTaBIEHNAX UHAWMWLEB NPUYMHON 3aboneBaHWiA Mo-
nocTu pta bbina «aypHas KpoBb», CPeau CnocoboB NeyeHus
npeAnarancb KPOBOMYCKAHWE W HaNOXEHWe MUABOK B 06-
NacTb OTEYHOI CIM3UCTON UMM 0Yara BOCManeHus.

NHaMALBI TaKKe IEYNUnN NepesioMbl HemoCTel 1 IMLEBBIX
KOCTeli, B YaCTHOCTV MpeAnaranu nporpetb 0biactb nepe-
NoMa, NPOBECTU Peno3vLMOHUPOBaHME W 3aTeM HaNOXMUTb
noBsA3Ky. bo/bHBbIM Ha3Hayanu feKapcTBa, M3roHsIoLWMe
«[lypHOW BETEPX.

MepBbIMKM Bpayamu, U3NOKMUBLLUMMU MUCbMEHHO OCHOBBI
MeOUUMHCKMX 3HaHui [peBHen WHauw, bbinu Yakpa, onu-
CaBLUMIA METOAMKU TepaneBTUYeCKOro nevenus, u Cywrpa,
OMMCaBLUMI OCHOBbI XMPYPTHK.

Cywrpa npefnaran 0CTOPOXKHO MOAXOAMTb K YAANEHUHO
3yb0B U He yLansTb HEMOABMKHbIE, MOTHO CUASLLME B Ye-
nocTy 3ybbl. OH pasnensn XMpypryeckuin MHCTPYMEHT, Uc-
Mo/1b30BaBLLMICS B CTOMATOMOMMM, Ha 2 Klacca: IHTpa — 3T0
TYMble MHCTPYMEHTI (LUMMLbI W pblYaru) U cactpa — OCTpble
MHCTpyMeHTBI [2].

Jlo Hawmx gHen pownm ceefieHust 0 Joktope Barbxarta
(VII'B. 0o H. 3.). OH Npeanaran yHUYTOXaTb «3yOHOr0 YepBs»,
3anosiHaa nosocTb 60/1bHOro 3yba BOCKOM MNM BBOAS B Hee
pasorpeTblii JOKpacHa 30HA. Barbxata cuutan, yto HyHO
aKKypaTHO MOAX0aMTb K PeLLeHuno yaaneHus 3yooB, nonaras,
UTO «HapblBHble 3abonieBaHWsA» YacTo MPOXOAAT caMu CobOiA.
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YpansTb nopaxeHHbIii 3y6 OH npeanaran ToMIbKO TOrAa, Koraa
BblLLIEyKa3aHHbIe M0AX0/bl He AaBanu pesynbTata. [lns npoe-
BYPbl NMPUMEHSNNCH CreLmanbHble LNLbL. JJoKTop cumTan, uto
MHOre 3abonieBaHms, Takue KaK [uapes, IMX0pajKa, Kallenb,
CMasMbl MbILLL W Ap., MOTYT BbITb CBA3aHbI C 3aboseBaHUAMY
3y6oB. MNpy bonesHsx feceH OH PeKOMEeHA0BaN annvKaLum u3
CMecK nepua, Msca KyponaTku Wi nepenena u Méaa.

MrveHa nonocTv pra UMena BaxHoe 3HayeHue B [lpes-
Heli MiHauun. YTpeHHas uncTka 3yboB, f3bika U HEBa cunTanacb
obs3atenbHoOi. [lns 3Toro MCnosb3oBanu CBeKME BETOUKM
PacTeHWM, KOHLbI KOTOPBIX pa3aensnv Ha BosiokHa [1]. A3blk
OYMLLaNM CreumanbHbIM npucnocobneHneM B Buae Ayru.
LLIeTKU M3 LLETUHBI XUBOTHBIX HE MPUMEHSN.

CTOMATO/10r A APEBHEN0 PUMA

[ns bopbbbl ¢ 3aboneBaHnamn nonoctu pta go Il B. go
H. 3. PUMCKMe Bpauu NPUMEHSNN 0TBapbl PacTeHMiA, HacTom,
3aroBopsbl. JleyeHue 3y6oB bbino passuto cnabo. Yawe npu-
MEHSNOCh yAaNeHue, YTO NPUBOAMIO K NOSBNEHUO fedeK-
TOB 3ybHbIX psAnoB. CocToATenbHBIM rpaxaaHaM bbino [o-
CTYMHO U3roTOB/IEHWE NPOTE30B M3 AparoLeHHbIX MeTasoB,
3yboB XMBOTHbIX, 3yb0oB paboB. [lna u3rotoBneHus npote-
30B MPUMEHANN LepeBo, Oblublo, COHOBY KOCTb M KOCTb
rMNNomnoTaMa, a Take 30/10Tyl0 NPOBOOKY. ECTb MHeHMe,
YTO 3HaHMS M YMEeHMs MO M3roTOBEHWI0 3yOHBIX NPOTE30B
PUMISHE MONTYYWnM OT APEBHUX 3TPYCKOB, KOTOPbIE MWK
Ha AnneHMHCKOM nomyocTpoBe [0 MOSIBNEHUS TaM pUM-
naH [1]. B my3ee [TapuiKCKoiA LUKONMbI JAHTUCTOB XpaHWUTCS
3TPYCCKMN MOCTOBMAHBLIN NpoTe3 c 3yboM 6Obika, npuKpe-
MNEHHBIM K MOJMIOCKE M3 30/10Ta M CIYMUBLUMM 3aMeHOW
MpaBoro LEHTPasbHOro pesua. MHOro4YMcneHHocTb Tako-
ro poAa HaxoLOK CBWAETENbCTBYET O AOCTAaTOYHO LUMPOKO
pacrnpocTpaHeHHOW Y 3TPYCKOB MPaKTUKe MpOoTe3upoBaHuUs
3yboB. YacTo nonockamu M3 MArKoro 3o510Ta obopaunsany
0CTaBLUMeCS 3040poBble 3ybbl, @ MOBPEXAEHHbIE 3ybbl NpU-
Kpennssmcb K MoflocKaM 3aKenkamu unm wrngtamm [1, 8]
(puc. 3).

MeauuMHCKUM [ienoM 3aHMManuch B PUMe He TOMbKO
Bpayu, HO U LMPHONIBHUKYW, MaCcCaXMCTbl, 1OBEAMPEI, peMec-
NEeHHWKK, 3Haxapu. Cpeamn HUX BbIIM 1 KEHLLMHBI.

N3BecTHbIN puMckuin Meank Knaeawii FaneH (ok. 129-200)
pa3aenun 3ybbl Ha pe3ubl, KIbIKK 1 YeNoCTHbIE U 06bACHUN
WX HasHayeHue, onucan 0cobeHHOCTM pa3BUTMSA MylbnuTa
W nepuopoHTUTa. B KauecTBe neyebHbIX Mep laneH peko-
MeHA0Ban nepdopauuio 3yba npu noMoLum ceepna. Metogpl
NeyeHns, NpefJioxeHHble [aneHoM, npeobnaganv B eBpo-
nencKoit MeguumHe o HoBoro BpeMeHu.

CTOMATO/10r U4 NEPCUNA
U BJINXKHEIO BOCTOKA

barpan B VIl B. 6bin rnaBHbIM Hay4HbIM LIEHTPOM Cpef-
HEBEKOBOr0 MMpa. YuyeHble NepeBOLMNM Ha apabckuil A3bIK
Tpyabl Apuctotens, FaneHa, MAnMHMA 1 opyrux y4eHbiX. TakuMm
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Puc. 3. MocToBuaHbI NpoTe3, MpeAnosIOKMTENBHO OTHOCS-
wmics K BpeMenn [lpeBHero Puma. U3 konnekumn Myses Hayku
B JloHpoHe

Fig. 3. Bridge believed to date back to ancient Rome. Collection
of the Science Museum, London

06pa3oM 3Tu 3HaHKA BblIK COXpaHeHbI, @ NO3[Hee nepeseje-
Hbl Ha NaTbiHb W oM 8o EBponbl.

B KoHLe nepBoro ThicAYeneTvs npu iedeHnmn 3ybHoii 6onm
NepCULCKME BPa4W Hauyanm UCMofb30BaTh MbILLbSAK.

B tpakTate «Paiickuin cag Myapoctu» (oK. 850 roaa) onu-
CblBaeTCA 3aKnagKa 3yboB, NPUBOAATCS peLenTbl NOPOLLKa
DN YUCTKM 3yDOB M NEKapCTB AN yCTpaHeHWs HENPUSATHOTO
3amaxa u3o pra.

B TpakTate Pa3eca «Kutab anb-MaHcypu» onuckiBaeTcs
CTpoeHue 3y60B 1 MexaHW3M paboTbl HUKHEN YenoCcTy.

Apabckuin yueHblit Abynbkacuc (930-1013) onucan MHo-
rMe XWpypruyeckue MeTOAMKU U MHCTPYMEHTbI, BbIAEUN
6 TMNOB WMNLOB ANs yaaneHus 3y6oB v KopHeii 3y6oB. Cun-
Tas 3yb BaXKHbIM OpraHoM, OH yAensn 6osbluioe BHUMaHWe
onepauuu yaaneHus 3yba MaKcuMManbHO LAALMMA METO-
namu. B cnyyae nepenomos yentoctu Abynbkacuc npepna-
raJ conocTaBWUTb OT/IOMKM pyKaMm U NPOBECTU UX UKCaLmIo
noBA3KoM ¢ BockoM. [1pu BeinageHuu 3yboB npepfiaranoch
KaK MOXHO DbICTpee BEpHYTb MX Ha MecTo M (UKCMpOBaTh
MPUKPENNeHUeM K cocefHuM 3ybaM UM 3aMeHuTb UX UC-
KYCCTBEHHbIMM 3ybamu, MpoTe3aMu, U3roTOBJIEHHbIMU W3
Oblubeit KocTh. AbynbKacuc noapobHo onmcan npowecc yaa-
NeHus 3nynuca, yaensn 6onbLuoe BHUMaHWE CHATUI 3y6HOro
KaMHs [2].

Benukuin nepcupckuin ydeHbit Asuuenna (980-1037)
u3pan Tpaktat «KaHoH BpauebHOM Hayku», B KOTOPOM CH-
CTEMaTM31poBan NPUYKUHbLI BO3HUKHOBEHMS bone3Hen 3y6oB,
onucan aHaToMuio 1 Mopdosorui nonoctv pta [9]. OH BbI-
LEeNuUN [LJIMHHBIE, OCTpbe, YyBCTBUTENbHbIE, cnabble, noja-
BUXHbIE 3yDbl, @ TaKXKe CTauMBaHWE W KpOLUeHWe 3y6oB.
AuueHHa onucan bonee 150 nekapcTs, MCMOMb30BABLUNX-
C Npu BpayeBaHun 3yH0B, CMCTEMaTM3MPOBaN MOKasaHus
K yaaneHuio 3yboB, Npeanoxvn Matepuansl oas niombupo-
BaHWS, UHCTPYMEHTbI, AaNl PEKOMEHAALMM N0 NpohunaKTuKke
BonesHeli NOMOCTM pTa, ONpesenun NPUYKHBI CKPEXeTaHus
3ybos [1].
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CTOMATOJ/10I N PAHHEIO
CPEAHEBEKOBbA

Bo BpemeHa paHHero CpefiHeBEKOBbS MeJMLMHA U B YaCT-
HOCTU CTOMATOJI0rMsA NOJTHOCTHI0 HAXOAMUMNCH NOA KOHTPOMIEM
uepkeu. CylLiecTBoBano MHeHMWe, YTO CTpafiaHus OT 3ybHoik
Bosm nocnaHbl YeNoBEKY 3a rPexu, a 3HauMUT JIEYUTb ee He
HyHo. 3yboBpayebHas NpaKTWKa OKa3anach B pyKax N0Aew,
MMerLmMX ciaboe OTHOLIEHWE K MeAMUMHE: LMPIbHUKOB,
peMecneHHuKoB [1]. Jliogmn 6e3 MeanumHCKoro obpasoBaHms
BpA4 SM MOTTIM CMOCOBCTBOBATh PasBUTUIO CTOMaTosiornye-
CKoM Mbicnn. CunTanoch, 4To NPUYMHON MopaxeHus 3y6oB
ABNAeTCA «3ybOHOI YepBb». Yalle Bcero 3yboBpayebHas no-
MOLLb CBOAMNACh K yaaneHuio 3yba, KOoTopoe NMPOMCXOAMN0
nybaMYHO B MeCTax CKOMJIEHUs JIOAEH, Ha pafocTb TOAME: Ha
fpMapKax, Ha pbIHOYHbIX MOLLAANX, @ TAKIKE B NapUKMaxep-
ckux. 0besbonmBaHmne, KpoMe anKkorons, He MPUMEHSNOCh.

Cuumtanocs, 4to nepef 3ybHoM 60Mbl0 BO3HWKAET rofoB-
Has bonb, KOTOpas MOTOM CcrycKaeTcs K 3ybaM M ux Kop-
HaM. 3ybHylo Bonb nbiTanuch 06MerynTb pacTUTeNbHBIMY
CpenCcTBaMu: CBApEHHBbIMU B YKCYce KOpPHAMMW GeneHbl unu
CNapu, COKOM MNoLLA, KOTOPbIA CIe0Bao 3anuThb B YXO.
lpaKTMKoBanoch Takxe neveHue bonesHeit 3yboB 3aKu-
HaHMAMY, OTFOHSAILWMMM 31bIX AYXOB, a TaKXke crnocobamu,
CBSi3aHHbIMK C yypecamu. CuuTanock, 4To KpoMe «3yBHbIX
yepBeit» 6051e3HM 3yDOB BbI3bIBAET «AypHas KPOBb», ANs U3-
HaHWs KOTOPOM Mpejnaranoch NPUMEeHATb KPOBOMyCKaHMe.
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Puc. 4. 3ybHoi npoTe3 13 LieNbHOro KycKa CIoHOBOW KocTu [5]

Fig. 4. Whole piece dental prosthesis made of ivory [5]

Puc. 5. VckycHo BbINOMHEHHbIE MONIHBIE CbEMHbIE MPOTE3b
M3 LLeIbHOrO KyCKa C/IOHOBOW KOCTM C MKCaLMeN 3a CYET MpYKUH
Y MOJHBIM 3aKPbITUEM TBEPAOr0 HEDA. McTouHuk: https://mirfactov.
com/stomatologi-proshlogo/

Fig. 5. Whole piece full dentures skillfully made of ivory, secured
with springs and completely covering the hard palate. Source:
https://mirfactov.com/stomatologi-proshlogo/
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lpoTe3npoBaHue 3y6oB BbINO [OCTYMHO TONBKO COCTO-
ATeNbHbIM N0AAM. [poTe3bl U3roTaBAMBanMCh U3 30/10Ta,
OpYrvX AparoLeHHbIX MeTansioB, CIOHOBOW KOCTU M T 4.
WHorpa mx MHKpYCTMpOBanM MAM BbIMOSHAAW TPaBUpOB-
Ky, C034aBas Npou3BefeHWs McKyccTBa. [lpoTesbl 00bIY-
HO BbIMOJIHAMM 3CTETUYECKYI0 PONb, 3aKpbiBas Ae(eKThbl
3ybHoro paga.

bonblioit BKNag B pa3BWUTWUE CTOMATONOTMM Tex Bpe-
MeH BHec @paHuy3ckuii Bpad v pe Lonmnak (1300-1368).
Ero Tpyabl ctanu yyebHbIMM nocobusMM i CTOMATO/I0r0B
Ha MHorve decatuneTus Bneped. OH co3gan MHCTPYMeEHT
ONs yaaneHus 3yboB noj Ha3BaHWEM «MeMKaH», KOTOpbI
paboTan no NpuHUMMNY pblyara U No3BONAN aKKypaTHO 3a-
XBaTUTb 1 yaanuTb bonbHoi 3y6. Takxe oH npuaasan 6onb-
LLOe 3Ha4eHWe cobofieHuIo rurneHnyeckux npasun [1]. Bel-
nasLUMe W yfaneHHble 3ybbl LLlonnak npegnaran 3amectutb
4enoBeYeCKMMM 3ybaMm UK MPoTe3aMU U3 KOCTEN KPYMHOro
poratoro ckota. [lna ¢ukcaumu npeanaranocb npUMeHsTb
30J10TY10 NPOBOJIOKY.

Mpodeccop MxoBaHHM an Apkomu (XV B.) ycoBepLueH-
CTBOBaN MHCTPYMEHTbI An1s yaaneHus 3ybos. OH BrepBble
onucan 30107y GoMbry Kak NjoMOMpOBOYHBIA MaTepuman
KapWOo3HbIX MoNoCTeN.

B HeKoTOpbIX CTpaHax, B YacTHOCTU B CPeAHEBEKOBOA
AHrnum, 3ybHble npoTesbl Nepefasany No HacneacTsy. AH-
rnuiickuin Bpay bepHapa [. NopaoH (ok. 1285) cpeay npu-
UWH pa3BuTUs bonesHu 3yboB HasbiBan NpUeM ropsYmii ALY
cpasy nmocfie X0N0AHOW, NMepeKycbiBaHWe 3ybamu TBepAbIX
npesLMeTOB, MI0X0M YXOA 33 NOMOCTbIO PTa, a TaKKe Bbife-
NAN «MOLBEM K HUM KUCIIOT XeNyAouHoro cokax [10].

CTOMATOJ10r 14 EBPOIbI XVI-XIX BB.

PasBuTie eBponeiickon cToMmatonoruv nepuosa Bospox-
[eHnsa cBA3aHo ¢ uMeHeM AMbpyasa lape. OH 6bin nepBbiM,
KTO Bblpe3an 3ybHble MpoTe3bl U3 LEMNTbHOMO KYCKa CIIOHOBOV
Koctu (puc. 4). Ins 3aKpbiTua aedekToB TBEpAoro HEba oH
npuayMan obTypaTopbl, BbINOSHEHHbIE U3 30J10TbIX MAACTUH
W COELIMHEHHbIE KYCKOM FyOKM.

B XVII B. Bo ®paHumu 3yboBpayeBaHWe CTano caMocTo-
ATENbHON 06/1aCTbi0 MeAMUMHBI, 4TO crnocobcTBOBano pas-
BMTUIO CTOMATO/IOMMYECKON MbICIIW.

B 1728 r. Bbiwen HayyHbin TpyA MNbepa Powwapa nog Ha-
3BaHMeM «TpaKTaT o0 3ybax», B KOTOPOM ObinM MpoaHamu-
3MpoBaHbl UCTOYHUKM CTOMATOJIOTMYECKUX 3HAHWUNA PEBHUX
3TPYCKOB, pUMNsAH, rpekoB, apabos [11, 12]. Bpay onucan
102 3ybHble 60M1€3HM M NPUYMHBI UX BO3HWUKHOBEHWSA, TEM
caMblM pa3sesiB MU 0 «3yOHOM Yepsex. 1. Dowwap MHoro
chenan Ans passuTua 3ybHoro npoTesvpoBaHus. EMy npu-
HaANEXMT ues NPUMEHeHNs MPYXUH U3 30/10TOW NPOBOJIO-
KW UK cnivpany aas guKcaumm 3y6HbIX npoTe3oB (puc. 5).
OH Npeafioxun 3akpennsaTb B 3ybax LWTUQTLI U Ha UX OCHOBE
(Gu1KcUpoBaTb UCKycCTBEHHbIE 3ybbl [13] (puc. 6).

[lns W3roToBneHMs npoTe30B WCMOMb30BanM CNOHO-
BYK KOCTb, KJIbIKM MOpXa W runnonotama, 3ybbl 06esbsH,
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BbiNaBLUMe 3ybbl caMux naumeHToB. C yyeToM acTeTMyecKoil
CTOPOHbI Nofdupancs LBeT BoCCTaHaBNMBaeMoro 3yba. 3ybbl
M3 CNOHOBOW KOCTM MOKPbIBAAM KONMaykamu U3 3051073,
Ha KOTOpble HAHOCWAWM CNOWM 3Manu PasfiMyHbIX OTTEHKOB.
M. Gowap ycoBepLueHcTBOBaN 06Typatopbl A. lape ans 3a-
KpbiTusa fedekTa tBepaoro Heba [1, 14]. OH gononHmn ux oT-
POCTKaMK M3 CIIOHOBOW KOCTM, KOTOpble COEAMHWUN C HEBHOI
MIacTUHOW, BBOAMA B MOJIOCTb HOCA BEPTUKANbLHO, @ MOTOM
C MOMOLLbI0 CMeLManbHOro BUHTA MOBOpadMBan rOPU30H-
TaNbHO, 3a CYET Yero (UKCMpOBaAN KOHCTPYKLMIO Ha HEDe.
1. ®oLwapa MOXHO Ha3BaTb OCHOBATENIeM COBPEMEHHOI OpTO-
LOHTUM: OH MpeAsIOXMI UCToNb30BaTb METaNIIMYECKME U Ce-
pebpsHble KOHCTPYKUMM LIl UCTIPABMEHUS HEenpaBUIIbHOIO
MosoXeHUs 3yboB.

3YBOMNPOTE3UPOBAHUE HA CTbIKE
XIX=XX BB.

B cepeamHe XIX ctonetus B CBA3M C OTKPbITUEM MeTOAA
BbIMNaBKYM BOCKA U pa3paboTKoW MEeTOAO0B NMTbS HACTYMUN
npopbiB B 0611aCTU NPOTE3MPOBAHUSA CbEMHBIMU KOHCTPYK-
unamu. B ato Bpems bbin pa3paboTtaH ByNKaHUT — runbkas
pe3uHa, KoTopas 0TBepAeBaia Npu By/IKaHWU3aLMM U CTaHo-
BM/ACb OT/IMYHBIM MaTePUasIoM 1l U3roTOBJSIEHNS ChEMHBIX
npoTe30B. [lepBOHaYabHO C MOMOLLbHO BYSIKaHUTa GUKCUPO-
Ba/IM UCKYCCTBEHHble PapdopoBble 3ybbl K HEOHOI NnacTuHe
n3 bnaropogHoro Metanna. Kpennenue ycraHaBnuBanocb
Ha KaaoM ¢apdopoBoM 3ybe C MOMOLLbK WTU(TOB, HO-
CUBLLNX Ha3BaHWe «KPaMMoHbl». [103}e Hauyanm U3roTaBiu-
BaTb NpOTE3bl, MOSIHOCTLH) BbIMOSIHEHHbIE M3 KaydyKa [15]
(puc. 7).

Passutne ctomatonorum XIX B. TECHO CBSI3aHO C UMe-
HeM HeMeLKoro cToMatonora Bunbrensma epbera (1842—
1917). B Te BpeMeHa LU/ CMOpLI, KaKoW MaTepuan nydile
Ons NNoMbMpOBaHNA KapuOo3HbIX MOSIOCTe — 30510T0 WK
amanbrama. B. lepbcr paspaboTan HoBbIi MeTOA naoMbupo-
BaHWs 30/10TOM, TaK Ha3bIBaeMbIi METOL, BPaLLLEHWS!, KOTOPbINA
npesnonaran BMecTo 6onesHeHHOro BGMBaHUA MOJIOTKOM 3a-
KenblBaHMe MIoMb U3 TOHKOM KOre3nBHOIA 30510TOM (osibrit
(puc. 8). 310 ObINO pPeBONIOLMOHHOE peLLeHue B cdepe CTo-
MaTosiorMK, KoTopoe BbICTPO pacnpocTpaHunoch B ApYrux
CTpaHax.

[lns M3roToBneHMs UCKYCCTBEHHBIX KOPOHOK U WTU(hTO-
BbIX KOHCTPYKLMIA HAa4Yanu LIMPOKO NPUMEHATb CMIaBbl 30/10-
Ta, B TOM uucre ¢ A0baBNeHNeM NNaTUHbL.

B. 'epbcT onucan cnocob M3roToBNEHUS MOCTOBUAHBIX
npoTe30B METOAOM JUTbS, CTaBLUMA OCHOBOM Pa3BUTUA CO-
BPEMEHHbIX TEXHOJIOTMI U3rOTOBMIEHUS JIUTBIX MOCTOBUAHBIX
KOHCTpYKUMiA. Yxke B 1911 r. B NpOM3BOACTBEHHBIX Liexax
B. lepbcTa u3rotaBnmBanuch annapatbl M CTOMAaToONOMU-
yeckue MHCTpyMeHThl. Ero cbiH Teogop lepbeT ckoHcTpyw-
poBasl MeXaHUYeCKUIA NIUTEHHbIA LLeHTPODEeXHbIN annapar.
MosBunMch Npubopbl ANS WITAMNOBKY, annapaT A nanku,
MydenbHble Meyn, Kombua ANs 3aMepa KOPOHOK, mapan-
NeNioMeTp M [pyrue MHCTPYMEeHTHl ANS OopToneAnyecKon
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Puc. 6. YacTUuHbIi CbeMHbIV NPOTE3 A1 HUMXKHEN YeNoCTM Ha oC-
HoBe 6N1aropofiHOro cniaBa ¢ 3aMKCMPOBaHHBIMU UCKYCCTBEHHDI-
My 3ybamu. 1861 r. Uctounmk: https://stomatologclub.ru/galereya/
muzej-stomatologii- 3/chastichno-semnyj-zubnoj-protez-1860g-
postroennyj-iz-metalla-i-vulkanita-2085/

Fig. 6. Removable partial denture for the mandible made from
a noble metal alloy, with fixed prosthetic teeth, 1861. Source:
https://stomatologclub.ru/galereya/muzej-stomatologii-3/chas-
tichno-semnyj-zubnoj-protez-1860g-postroennyj-iz-metalla-i-
vulkanita-2085/

Puc. 7. KayuyKoBblIii NpoTe3 BepXHeM YesocTh €O LUTaMMNOBaHHOM
nnacTuHon [19]
Fig. 7. Rubber maxillary denture with a stamped plate [15]

Puc. 8. Mornotok 1 3on0Tas dosnbra [19]
Fig. 8. Hammer and gold foil [15]

ctomaronormun. T. FepbcT oTKpbin B bpeMeHe nepeyto 6onb-
Lyto 3yboTexHnyecKyto naboparoputo, rae paboTanu 30M10TbIX
[en MacTepa, NNaBubLUMKY, NIETUPOBLLMKK, 3yOHbIE TEXHM-
KM, KepamucTbl, GopMOBLUMKW. BriepBble npu npoMbiLLneH-
HOM M3roTOBAEHWM 3ybHbIX NPOTE30B bblN peanu3oBaH NpuUH-
umMn pasgenexus Tpyaa [15].

B paccmatpuBaeMbil nepuof, 3aKnafblBanuch 0CHO-
Bbl TEXHONOIMW LUTAMMOBaHHOW KOPOHKW. PaHee KOpOHKY
BbILUTAMMOBbLIBANIM U3 AMCKOB, YTO ObINO TPYAO3aTpaTHO.
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HISTORY

Puc. 9. MoHOAMTHBIN NpoTe3 C OKPYXHbIM KNaMMepoM. TUMWYHBIN
npoTe3 ansa congart llepsoit MUpOBOIA BOWHbI [15]

Fig. 9. Complete denture with a ring clasp. A typical denture for
soldiers during World War 1 [15]

BnocneactBum ons npousBoAcTBa KOPOHOK M3 Hebnaro-
POAHbIX CMIABOB CTajM NPUMEHATb MeTOA (GOPMUPOBaHMS
CTanbHbIX MM/b3, U3 KOTOPbIX NOTOM B Nabopatopuu u3ro-
TaBMBaNM LUTAMMNOBaHHbIE KOPOHKU. NSl MPOTSXKM rnb3
BbiN CKOHCTPYMpOBaH W BHEAPEH annapat noj, Ha3BaHWEM
Samson. [MosBUAMCL HOBblE METOAbI CHATUS! OTTUCKOB, OT-
TUCKHOMW TUNC CO CreumanbHbiMKU JobaBKkaMu Ans amopTu-
3aUMM W YMeHbLUEHUS Pa3fpayKeHUs CAM3UCTON 000/104KM
MonocTu pra.

Bbinn paspaboTtaHbl 0CHOBHbIE TUMbI KITAMMEPOB, WX MpK-
MEHeHWe Ompeaensnocb 0cobeHHOCTAMU fedeKToB 3yBHbIX
PAAO0B, HyXAaBLUMXCSA B 3amelueHun. Hapagy ¢ poporumu
3ybHbIMM MpoTE3aMK, cenaHHbIMU N0 MepefoBbIM TEXHO-
noruaM, UMenuch b1oaKeTHbIe BapuaHTbl s bonee 6efHbIX
cnoeB HaceneHus (puc. 9).

B Hauane XX B. monyuuna panbHeiiiee pa3BuTue Tex-
HONOTMA LUTaMMNOBaHHbIX KOPOHOK M W3roTOBAEHMS na-
AHbIX MOCTOBMAHbIX mpoTe3oB. C nossnexneM B 1930-x
IT. aKpWoBbIX MjacTMacc MX CTanu MPUMEHATb BMECTO
Kayyyka ans usrotoBieHus basucoB npotesoB. Cosep-
LUEHCTBOBaHME METOAMK JUTbS AaN0 TOMHOK PasBUTUI0 W3-
rOTOB/IEHUS LeSIbHOMUTBIX MOCTOBMAHBIX MPOTE30B C fafb-
Hellen 06/IMLIOBKON, a TaKKe WU3roTOBMIEHWIO OlorefibHbIX
npote3os. [15].
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3AKJIO4YEHUE

Ha npoTsikeHun Bcero pasBuTis YenoBevecTBa Obinn
aKTyasbHbl BOMPOCHI JieYeHus 3ybHoi 6oam W BoccTaHoBMe-
HUS OTCYTCTBYtOLMX 3yb0B. Bo BCe BpeMeHa, KpoMe paHHero
CpeaHeBeKOBbS, YAENAN0Ch BHUMaHWUE JIMYHOMN TUrieHe 1 npo-
UNaKTUKe CTOMaTONOMMYECKUX 3aboNieBaHuiA, pa3BMBaNUCh
NpeAcTaBneHNs 0 NpuumHax ux noseneqns. Gopmuposanach
CTOMaTonornyecKas Mbicib. IBoMOLMA 3yBHOr0 NpoTe3npoBa-
HWA Bblna [ONroM W CIIOXKHOW. XapaKTep UCMOJHEHUS NpoTe3a
BCErza bl 0TpaXeHWeM TEXHONIOTMYECKOro YKITazia 3MoXy.

AOMO/THUTENIbHAAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN BKIAZ
B NPOBE/iEHW1Ee UCCNELOBaHNSA U MOATOTOBKY CTaTbK, MPOUSW U 0f10-
Bpunu duHanbHyto Bepcuio nepen, nybnukaumein. Brknap kaxporo
aBTopa: P.A. ®afieeB — KoHLeNUMS 1 AM3aliH uccne0BaHus, BHe-
CeHue oKoHyaTenbHol npasky; A.B. KysHeuioB — 0630p nuTepaty-
pbl, 00paboTKa MaTepuanoB, HanMcaHue TeKcTa.

WcTounnk dmHaHcpoBaHus. ABTopbI 3as1BNAIOT 06 OTCYTCTBUM
BHELUHEro GUHaHCUPOBaHWS! NPU HaNMCaHUW CTaTbU.

KoHbnuKT uHTepecos. ABTOpbI AEKNApUPYIOT OTCYTCTBUE SIB-
HbIX 1 MOTEHLMaMbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX C My-
bnvKaumeli HacTosLLelt CcTaTby.
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