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Abstract
Background: Ozone has become more common in medicine across the globe as an adjuvant treatment method for
a variety of illnesses. The combination of ozone and treated human dental pulp stem cell-conditioned media hDPSCs-
CM can enhance angiogenesis due to their synergistic action, resulting in increased growth factor expression.
Objectives: The aim of the study was to evaluate the angiogenic potential of ozone-treated human dental pulp stem
cell-conditioned media (hDPSCs-CM).
Materials and Method: HDPSCs were isolated from the extracted tooth. Passaged four cells were characterized
with flow cytometry and then exposed to 10ug/mL gaseous Ozone concertation. The conditioned media (CM) were
obtained from the treated cells, and growth factor analysis was performed. The functionality of the Ozonated
hDPSCs-CM was assessed by the Chick Yolk Sac Membrane (YSM) assay.
Results: Ozonated hDPSCs-CM had significantly higher (p<0.01) expression of angiopoietin-2 (Ang-2), fibroblast
growth factor (FGF), hepatocyte growth factor (HGF), macrophage colony stimulating factor (M-CSF), and vascular
endothelial growth factor (VEGF). The in-ovo YSM assay revealed a notably greater pro-angiogenic potential
associated with Ozonated hDPSC-CM.
Conclusion: Ozonated hDPSCs-CM appear to be the most effective source for inducing angiogenesis.

Keywords:Angiogenesisgonditionedmedia;dentalpulp stemcells; secretomegrowthfactors;yolk sackmodel.
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The term ozone, which means "odor" in Greek,
was first used in 1840 by the German chemist
Christian Friedrich Schonbein, who is recognized as
the father of ozone therapy.! Ozone is a versatile gas
with a variety of uses, including bioenergetics,
immunostimulants,  detoxicants,  antihypnotics,
analgesics, and biosynthetics. Over the last few years,
O3 has become more and more popular in medicine
across the globe as an adjuvant treatment method for
a variety of illnesses.?

Various studies related to medicine showed that
ulcers, cutaneous infections, acute and chronic viral
diseases, neoplasia, and vascular issues like venous
insufficiency, obstructive arteriopathies, and vascular
degenerative diseases have all been treated with
ozone.* Ozone therapy is frequently utilized as an
adjuvant to several conventional dental treatment
methods for oral mucosal lesions, dental caries,
periodontal disease, and peri-implantitis because of its
conservative and non-invasive nature.

The gold standard of care for severe bony lesions
has been autologous bone grafting; however, the
procedure is associated with certain disadvantages,
such as donor site morbidity and a shortage of
appropriate graft volume. Using stem cells and growth
factors in such conditions as dental implants or
periodontal defect repair can overcome these
disadvantages.® Stem cells can be found in significant
guantities in teeth, and the cells obtained from them
are known as human dental pulp stem cells (hDPSCs).
The best source of hDPSCs is young adults' extracted
wisdom teeth or exfoliated primary teeth, which are
otherwise disposed of as medical waste. Its popularity
in the field of regenerative medicine and dentistry over
the past ten years has been attributed to its ease of
accessibility and capacity to differentiate into many
phenotypes.® They demonstrated their therapeutic
actions through processes of paracrine secretion and
produced a novel by-product known as the
conditioned medium (CM) or secretome, which is
known to secrete growth factors that support
angiogenesis and aid in the processes involved in
tissue healing.’

The process of angiogenesis, which forms new
blood vessels from the pre-existing vascular network,
especially capillaries, is essential to normal postnatal
growth and development.®2 Angiogenesis is a well-
coordinated process consisting of a series of

successive steps.® This pathway includes several
enzymes and regulatory components. The angiogenic
factor (ANG), vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF),
transforming growth factor (TGF), and numerous
others are among them. They all play various roles in
angiogenesis: induction, initiation, cell multiplication,
migration, cell stability, wound healing, inflammatory
response, and inhibiting angiogenesis.**

In clinical dentistry, endodontic therapies like
apexification and apexogenesis, healing of the
extraction socket, and tissue regeneration during the
post-surgical phase for implant placement cannot be
successful without sufficient tissue vascularization.!
Revascularization of irradiated tissues is also
necessary, as it increases the fibroblastic cellular
density and reduces the amount of nonviable tissue
that needs to be surgically removed.!? Thus,
angiogenesis plays a crucial role in the final success
of these therapies. Currently, recommending
angiogenic growth factors as a therapy is a popular
practice for improving angiogenesis. Although
therapeutically effective, it has certain drawbacks,
such as leaky vasculature arising from a lack of
spatiotemporal control over the release of these
hormones. Hence, the development of stem-cell-based
therapeutic applications as possible targets for
disordered angiogenesis is a race in progress.'®

Studies on ozone therapy have shown that the
number of fibroblasts and angiogenesis in the rat
buccal mucosa were both enhanced, thus
strengthening the idea that ozonization will increase
the potential of hDPSCs to proliferate and thus
increase their angiogenesis capability.2* Taking into
consideration these studies, it can be hypothesized that
ozonated hDPSCs-CM will exhibit a synergistic
impact that will have better angiogenesis compared to
untreated hDPSCs-CM. Conventional in vitro, in vivo,
and ex-vivo models of angiogenesis are laborious and
time-consuming, requiring complex infrastructure for
the cultivation of embryos. In terms of time and
expense, the well-established Ovo chick embryo yolk
sac  membrane  (YSM)  methodology s
straightforward, repeatable, and very cost-effective.'®
Therefore, the primary goal of this work is to evaluate
the growth factor profile and pro-angiogenic potential
of the Ozone-treated hDPSCs CM in the in-ovo chick
embryo YSM.
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The previously established explant culture
procedure was used to isolate and expand hDPSCs in
vitro.’® Bits of dental pulp tissue were broken up into
tiny pieces and put on a plastic culture plate. To
completely submerge the tissues, the required amount
of fetal bovine serum (FBS) was added. In order to
culture the explant tissue, the next step was to incubate
the tissue for 24 hours at 37°C and 5% CO,. The
hDPSCs were then cultured in Dulbecco's Modified
Eagle Medium (DMEM) supplemented with 20%
FBS and a small amount of antibiotic-antimycotic
solution added to help prevent the growth of
contaminating bacteria, mycoplasma and fungi at the
same temperature and CO; settings. After 6-7 days,
every flask was examined for cell outgrowth using an
inverted phase-contrast microscope (OLYMPUS).
Each flask was filled with freshly prepared complete
medium, and the process of incubation continued.
Cells were trypsinized when they achieved 70-80%
confluency; cell outgrowth encircling the tissue is
seen at the same time. The medium in the flask was
disposed of for trypsinization, and any remaining FBS
was cleaned up using a PBS wash. In the flask, 4 ml
of Gibco [0.25%] trypsin was added. A microscope
was used to examine the flask following a minute of
incubation. An equivalent volume of complete
medium was added to the flask in order to halt the
trypsin process. Additionally, this cell culture was put
into a falcon tube, and it was centrifuged for five
minutes at 1800 rpm. After the cells formed a pellet,
the supernatant was taken off, and the pellet was
suspended in the whole medium. The suspension was
moved into a fresh, sterile T25 flask and given the
name passage zero (PO). The flask's medium was
shifted every two days. Passaging was repeated once
the flask was 80-90% confluent with cells. The
identical process was continued until the cells were in
passage 4.

Flow cytometry was used to characterize MSCs
utilizing particular cell surface markers. BD
Biosciences supplied the panel of antibodies, which
included CD90, CD73, CD105 (PE-tagged), and
CD34, CD45, and HLADR (FITC Tagged). FACS
analysis was performed on passage 4 cells. An

eppendorf tube was filled with around 100 pl of the
cell suspension (1 x 106 cells/ml). Following that,
cells were fixed at room temperature for up to 30
minutes using 4% paraformaldehyde. Following
fixation, cells were rinsed in PBS containing 0.5%
BSA (Gibco). For one hour, the cells were treated with
certain antibodies. Following incubation, 500 pl of
PBS was used to wash. After that, samples were
collected using the FACS analyzer. Quest Pro
software was used for data analysis.

hDPSCs were exposed to 10 ug/mL ozone gas by
putting the ozone gas into the culture medium within
the closed beaker and connecting a thin silicon tube to
the Ozone machine. At a density of 1 x 104 cells per
well, cells were allowed to seed in 96-well plates.
Similarly, Ozone is introduced to only culture media
without hDPSCs to make Ozonated media (Figure 1).

Figure 1. Ozonemachinewith thin silicontube

In order to collect CM, hDPSCs were seeded at a
density of 1 x 104 cells into the T75 cell culture flask.
Additionally, cells were allowed to reach a confluency
of 80-90%. Subsequently, the culture medium was
separated, and the cells underwent a sterile PBS wash
to eliminate any remaining serum in the flask.
Moreover, the culture flask was filled with fresh
MEM-a supplemented with a 1% antibiotic-
antimycotic solution without serum, and it was
incubated for 48 hours. Culture media were filtered
using 0.22 um syringe filters and kept at -80°C until
additional analysis was performed. Similarly,
Ozonated CM media were prepared.

Pasalkar L, Mishra S, Channe P, et al. Gaseous Ozone-Treated Human Dental Pulp Stem Cells Secretome Enhances
Angiogenesis in a Chick Embryo Model. Bulletin of Stomatology and Maxillofacial Surgery 2024;20(2):5-14.
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hDPSCs were added to normal culture media as
explained in cell isolation and culture, without
exposing them to gaseous Ozone. The conditioned
media formed then collected as described above and
used as control group for growth factor analysis. For
YSM analysis 5 groups were taken, Phosphate
buffered saline (PBS), Media control containing
culture media without hDPSCs without gaseous
Ozone, Ozonated Media exposed to gaseous Ozone
but without hDPSCs, CM conditioned media
containing hDPSCs without gaseous Ozone, Ozonated
CM containing hDPSCs and exposed to gaseous
Ozone

Following the manufacturer's instructions, the
growth factors in the hDPSCs-CM and Ozonated
hDPSCs-CM were assessed using the LEGEND plex
multi-analyte flow assay kit (Human Growth Factor
Panel (13-plex); Biolegend, San Diego, CA, USA;
Cat. No. 740180). angiopoietin-2 (Ang-2), fibroblast
growth factor (FGF), macrophage colony stimulating
factor (M-CSF), Hepatocyte Growth Factor (HGF),
and vascular endothelial growth factor (VEGF) were
among the growth factors evaluated. Firstly, 25 pl of
CM were incubated with the microbeads for two
hours. After adding the detecting antibodies, the
mixture was incubated for 30 minutes. After
incubation, samples were cleaned using a buffer
solution. To retrieve the pellet, the materials were
centrifuged for five minutes at 2000 rpm. Next, the
pellet was again formed in 200 ul of sheath fluid. A
Thermo Fisher Scientific, Waltham, Massachusetts,
USA, Attune NXT flow cytometer was used to collect
the samples. Utilizing LEGEND plex Data Analysis
Software (BioLegend, San Diego, CA, USA), the data
were examined.!’

As previously mentioned,® the YSM test was used
to evaluate the conditioned medium's functioning.
Day 0 chick eggs were purchased from
Venkateshwara Hatcheries Pvt. Ltd. in Pune, India,
and were kept at 37°C for 48 hours in a humidified
incubator. Following incubation, a tiny hole was made
at the blunt end of the eggs, and 3-5 milliliters of
albumin were extracted. Additionally, 200 ul of
ozonated conditioned media from the hDPSCs was
introduced to the YSM's top. The control group used
hDPSCs-CM that had not been preconditioned with
ozone. After using transparent tape to seal the
aperture, the eggs were left in the humidified
incubator for a full day. The Wim CAM online
program (Wimasis) was used to quantitatively
evaluate images of the blood vessel sprouting in order
to determine the overall vascular network length,
vessel density, and total segments.

The comparative evaluation of the expression of
growth factors in hDPSCs-CM and Ozonted hDPSCs-
CM were done using t-test. Similarly, statistical
analysis for YSM were carried out using SPSS
software version 19-SPSS Inc. Chicago, IL, USA.
p<0.05 was considered statistically significant and
p<0.01 considered highly statistically significant.

MSC isolation depicted the spindle-shaped
morphology of the isolated MSCs obtained from
dental pulp. Flow cytometry was used to investigate
the expression of CD markers by assessing
immunophenotypic features. The hDPSCs exhibited
negative expression of HLA-DR, CD45, and CD34
and positive expression of CD90, CD105, and CD73
(Figure 2).
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showed highly significant expression of hepatocyte
growth factor (HGF), macrophage colony stimulating
factor (M-CSF), and vascular endothelial growth
factor (VEGF) compared to normal hDPSCs-CM.
(p<0.01) (Figure 3).
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Figure 3. Quantitativegrowthfactor analysisby cytometricbeadarray in the DPSGderivedconditionedmedia
*p<0.05 **p<0.01. Angiopoietin2 (Ang2), macrophageolonystimulatingfactor (M-CSF),fibroblastgrowth
factor (FGF-basic),hepatocytgrowthfactor (HGF), and vascularendothelialgrowth factor (VEGF)
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YSM assays were used for functional assessment
of ozonated hDPSCs in conditioned medium to
evaluate their angiogenic potential. Ozonated
hDPSCs-CM promotes blood vessel development.
According to a quantitative evaluation of
angiogenesis, Ozonated hDPSCs-CM considerably
increased the length, density, and total segments of the

vascular network. Statistically the vascular network
length and total segments were found to be highly
significant in Ozonated hDPSCs-CM compare
untreated hDPSCs-CM. (p<0.01) Thus angiogenesis
may be enhanced by hDPSCs-CM, the YSM assay's
guantitative evaluation showed that the Ozonated
hDPSCs-CM had a greater pro-angiogenic effect than
other groups (Figure 4).

&

Total Vessel Network

&

\,\
o

Total Segment

0 N 0‘

\\“‘\

Figure 4. Screeningf angiogenesiperformedby utilizing thein ovoYSMmodel.(A) Photographssignifyingthe
areaswhichwerecomparedo quantifythe angiogenesigB) Comparativeangiogenesif termsof vessebensity,
total vessehetwork total segmentin hDPSCCM andOzonatechDPSCGCM. **p<0.01

Many investigations have been conducted over the
past ten years in an effort to determine the true
participants in angiogenesis. Many studies are now
being conducted to determine therapeutic
angiogenesis. These include the chemical components
known as growth factors, which are administered and
play a crucial part in the process of angiogenesis.'®?
The growth factors examined in this work are thought
to be important targets for angiogenesis manipulation
since they are necessary for angiogenesis.?

Human dental pulp stem cells (hDPSCs) are
regarded as a promising possibility for therapeutic
uses in the field of regenerative medicine. Because of
their paracrine capabilities, they can be employed as a
substitute tool in place of a cell-based treatment
strategy.?? One potential drawback of cell-based
therapy—graft rejection being the most well-known to
date—may be addressed by using cell-free therapy in
regenerative medicine. It has been noticed that

hyperbaric oxygen tension in the graft is low prior to
angiogenesis, and ischemia-induced prolonged low
oxygen tension is a common cause of graft damage.?
Oxygen is the most effective way to treat a
compromised graft because it encourages the creation
of new vessels.?* Low O3 concentrations induce the
alleged eustress in terms of cellular proliferation,
which activates cell antioxidant response pathways?
and provides the therapeutic effects necessary for
clinical practice. Ozone therapy used in clinical
settings for jaw osteoradionecrosis and wound healing
has demonstrated encouraging outcomes.?

Clinical research has also documented the possible
therapeutic benefits of conditioned medium obtained
from stem cells. A prior study by Martinez et al.?*
examined the growth factors of CM produced from
hDPSCs and found that CM from hDPSCs secreted
pro-angiogenic growth factors such as VEGF, PDGF-
BB, and HGF. There have been cases reported where
bone regeneration was enhanced by the
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transplantation of scaffolds soaked in conditioned
media produced from MSCs during sinus lift surgeries
for the maxilla. Following engraftment, there have
been no local or systemic issues.?

42 patients who underwent ablative and non-
ablative LASER procedures were included in a split-
face clinical evaluation of CM generated from
embryonic cells. The use of soluble CM produced
from embryonic cells to accelerate wound healing
after LASER resurfacing procedures is supported by
the trial's findings. CM promoted quicker, less
noticeable wound healing, and more normal skin
recovery.?’ The regeneration process in rats with
critical-size bone defects was positively impacted by
conditioned medium derived from human dental pulp
mesenchymal stem cell cultures. The conditioned
medium induced both increased vascularization and
bone growth.?® Researchers also looked at the
endothelial proliferation of DPSC in vitro, and they
discovered that endothelial markers, including von
Willebrand factor, were overexpressed. This led them
to conclude that hDPSC had angiogenic potential.*
Dental stem cell-derived CM with growth factors and
their potential in different physiologic and pathologic
processes have been the subject of numerous
investigations.?? The impact of ozone on tissue
regeneration has not yet been investigated. In
hDPSCs, there is no significant data. In order to
examine the changes in hDPSCs' growth factor
secretion and proliferation at the molecular level in
vitro, as well as to evaluate these changes in ovo using
a chick embryo model, we conditioned the cells with
low Oz concentrations in this study. The pro-
angiogenic potential of ozonated hDPSC-derived CM
is investigated, along with the levels of pro-angiogenic
factors like VEGF, FGF, and PDGF. As of yet, no
research has shown that treating hDPSCs with ozone
can enhance their angiogenic potential.

VEGF, FGF, and HGF were found to be expressed
at notably greater levels in ozonated hDPSC-CM in
the current investigation when compared to untreated
hDPSC-CM. From the recruitment of endothelial cells
to the development of blood vessels, all three of these
variables play a major role in encouraging
angiogenesis. In this study, we screened the effect of
ozonated hDPSCs-CM using the YSM model. To
determine which source has the most potential for
promoting angiogenesis, we assessed three distinct
factors. When supplemented with ozonated hDPSCs-

CM, our data showed an increase in total vessel
network length, vessel density, and total segments on
the YSM assay, which was substantially greater than
the remainder of the group.

The benefit of employing ozone to enhance the
angiogenic potential of hDPSCs as a source of cell-
free cultured medium with superior therapeutic and
translational utility was therefore highlighted in the
current work. Ozonated hDPSCs-CM is one of the
best sources of angiogenic potential since it exhibits
the highest concentration of the essential components
for angiogenesis. The YSM test used in this
investigation provides additional evidence that the
results of the growth factor analysis have translational
significance.

The five main factors that drive angiogenesis are
VEGF, FGF, M-CSF, Ang-2, and HGF. These factors
support the process of angiogenesis, from the
stimulation of endothelial cells to the maturation of
blood vessels. Ozonated hDPSCs-CM is one of the
best sources of angiogenic potential since it exhibits
the highest concentration of the essential components
for angiogenesis. The YSM test used in this
investigation provides additional evidence that the
results of the growth factor analysis have translational
significance.
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Pe3rome
Benenne: O30H cran Oojee pacnpoCTpaHEHHBIM B MEIUWIMHE IO BCEMY MHpPY B KauecTBE BCIOMOTaTEIbHOTO
METO/a JIEYeHHsT Pa3auuHBIX 3a0oseBanuit. Kombunanus ozoma u hDPSCs-CM MokeT ycuimBaTh aHTHOTEHES
Onaronapsi UX CHHEPrHUeCKOMY ACHCTBHIO, YTO MPUBOIUT K YBEIHUEHHIO IKCIIPECCUH (PAKTOPOB POCTA.
Heas: Llenpto wuccnenoBaHus OBUIO OLEHUTh AHTHOTCHHBIH MOTEHLMal OOpaOOTaHHOW O30HOM Cpeapbl,
KOHJMIIHOHMPOBAHHOMN CTBOJIOBBIMH KJIETKaMu MyJibiibl 3y0a yenoeka (NDPSCs-CM).
Metoabi: HDPSC Gbutn BeIIesIeHBI U3 y1aneHHOTo 3y0a. [laccupoBaHHble YeThIpe KIETKH ObUIH 0XapaKTEepU30BaHbI
C TIOMOIIBIO MPOTOYHOW IUTOMETPHH, a 3aTe€M MOJBEPrHYTHl Bo3xeiicTBuio 10 MKr/mil ra3000pa3HOro 030HA.
Konagummonnposannyio cpeny (KC) momydanu n3 o6paboTaHHBIX KIETOK W MPOBOAWIM aHaiu3 (akTOpOB pocTa.
®dynkunoHanbHOCTH 030HUpOBaHHBIX NDPSCS-CM oneHHrBam ¢ moMomIplo aHaan3a MeMOpaHbl KypHHOTO JKEJITKa
(YSM).
PesyabraThl: O3onupoBannsie hDPSC-CM wumenu 3HauutenbHo O6ojee Boicokyro (p<0,01) skcmpeccuro
anruomnosTrHa-2 (ANng-2), dakropa pocra ¢pudpobdbmacros (FGF), dakropa pocra remarommros (HGF), daxrtopa
cTuMyJIsiin Kojouui Makpodaros (M-CSF) u dakrop pocra sumorenus cocynos (VEGF). Anamuz YSM in-ovo
BBISIBUJI 3aMETHO OOJIBIINIT IPOAHTMOTEHHBIN TTOTEHIIMA, CBS3aHHBIN ¢ 030HMpoBaHHBIM hDPSC-CM.
3akmiouenune: OzonmpoBanusie hDPSCs-CM  sBistrorcst Hambosee 3(GQGEKTHBHBIM HMCTOYHHKOM HHIYKIIAH
aHTHOTCHE3a.
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Abstract
Background: Currently, diseases of the oral mucosa and periodontal disease are an important problem in dentistry.
Studies of the oral cavity in chronic diffuse liver diseases are of great interest to clinicians since pathological
processes developing in the liver, as a rule, lead to organic and functional disorders in the oral mucosa.
Purpose: The aim of the study was to reveal the morphological features of biopsy samples of the oral mucosa in
patients with HBV and HCV.
Materials and methods: The study involved 95 patients with HBV, 96 patients with HCV with lesions of the oral
cavity and periodontium, as well as 100 patients in the control group without HBV and without HCV, but with
lesions of the oral cavity and periodontium. The age of the patients ranged from 21-64 years. In all the groups we
examined, 20 morphological studies were carried out.
Results: To study the dental status, patients' complaints and data from a clinical examination of the oral cavity were
taken into account, which included: external examination of the lips and corners of the mouth, assessment of the
condition of various parts of the oral mucosa. To confirm the results of clinical data, we conducted a morphological
study of a biopsy sample of the oral mucosa. Biopsies were taken from the affected areas of the oral mucosa.
Conclusion: During a pathomorphological study of OM in viral hepatitis B and C, inflammatory infiltration,
circulatory disorders and dystrophic changes in the squamous epithelium were detected in all patients, fibrosis - in
all patients with HCV. Lymphoplasmacytic infiltration was detected in almost all patients with HBV and HCV.

Keywords:oral mucosajperiodontium;morphology;HBV; HCV.
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Currently, diseases of the oral mucosa (OM) and
periodontal disease are an important problem in
dentistry. This is due to the wide prevalence of lesions
of the oral cavity and periodontium, the variety of
nosological forms and their connection with systemic
pathologies, difficulties in diagnosis and treatment,
the success of which depends on the correctness of the
diagnosis.!?

According to WHO, inflammatory periodontal
diseases are one of the most common dental diseases
in the world after dental caries.*®

Periodontal diseases in modern dentistry constitute
one of the most important problems due to their wide
prevalence, the complex nature of the lesion involving
in the pathological process, in addition to the
periodontal tissues themselves, other organs and
systems, as well as changes in various parts of the
homeostasis of the human body, including processes
of lipid peroxidation, immune, cytokine systems.®®

Many authors point to the high frequency and
varied clinical picture of oral lesions in diseases of the
gastrointestinal tract.>!! Due to diseases of the
digestive organs, the functional activity of the salivary
glands, the composition and properties of saliva
change, which leads to a violation of the dynamic
balance in the oral cavity. An increase in the content
of mucin, C-reactive protein, and a decrease in the
activity of lysozyme in the oral fluid have been
established, which indicates a violation of the
nonspecific resistance of the immune system in
diseases of the digestive organs.*?

Diseases of the oral mucosa (OMD) against the
background of concomitant general somatic diseases
represent one of the most difficult problems in
dentistry due to difficulties in diagnosis and
treatment.®® The development of lesions of the oral
mucosa aggravates the course of the underlying
disease and determines the characteristics of
therapeutic measures.***® Correct and timely
assessment of the condition of the oral cavity and the
doctor’s choice of modern means of rational treatment
are pressing issues in dentistry.?

From the last decades of the twentieth century to
the present time, there has been an increase in the
incidence of viral hepatitis.’®!” The global coverage of
territories and the high epidemic potential of this
group of diseases retain their social and economic

significance. The WHO report “Global hepatitis
report” (2017) noted that about 325 million people in
the world suffer from viral liver diseases, and
mortality from them, unlike HIV infection,
tuberculosis and malaria, continues to rise.'®
According to WHO data, about a third of the world's
population may have contact with the hepatitis B virus
(HBV) during their lifetime; 257 million people are
chronically infected with the hepatitis B virus, 71
million with the hepatitis C virus (HCV).2-2?

Studies of the oral cavity in chronic diffuse liver
diseases are of great interest to clinicians since
pathological processes developing in the liver,22° as
a rule, lead to organic and functional disorders in the
oral mucosa.? 2

Literature data indicate the possibility of
extrahepatic replication of hepatitis B and C
viruses?®?® in the cells of the skin and mucous
membranes, vascular intima, tissues of the bone
marrow, blood, lymph nodes and spleen. Particular
attention is drawn to the evidence of active replication
of the virus in circulating macrophages - monocytes.
The possibility of extrahepatic replication of hepatitis
B and C viruses does not exclude the possibility of
damage to the skin and mucous membranes, including
the oral mucosa and periodontal tissue, as evidenced
by the detection of hepatitis C virus RNA in the minor
salivary glands and saliva itself.*

Timely and effective diagnosis of various diseases
of the oral mucosa still remains an important problem
in dentistry, since they are characterized by a wide
variety of both morphological structure and clinical
manifestations.t

It should be noted that in the available literature no
information was found on a comparative one-time
study of the state of the oral organs in HBV and HCV.
In our opinion, this study will be promising for the
development of methods for early diagnosis and
comprehensive assessment of the dental status in
patients with HBV and HCV with lesions of the oral
cavity.

The aim of the study was to reveal the
morphological features of biopsy samples of the oral
mucosa in patients with HBV and HCV.

The main base for the study was the Violeta MC,
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No. 1 dental clinic and the Department of Histology of
Yerevan State Medical University after M. Heratsi
(YSMU) from 2019 to 2021. The study involved 95
patients with HBV, 96 patients with HCV with lesions
of the oral cavity and periodontium, as well as 100
patients in the control group without HBV and without
HCV, but with lesions of the oral cavity and
periodontium. The age of the patients ranged from 21-
64 years. The final diagnosis of HBV was established
based on the detection of hepatitis B virus surface
antigen (HbsAg) in blood serum by enzyme-linked
immunosorbent assay (ELISA) and hepatitis B virus
DNA by polymerase chain reaction (PCR). The final
diagnosis of HCV was established based on the
detection of hepatitis C virus RNA in the blood using
PCR. All patients' dental status was studied according
to pre-developed criteria, which included an external
examination of the lips and corners of the mouth,
assessment of the condition of various parts of the oral
cavity, as well as the tongue. In all the groups we
examined, 20 morphological studies were carried out.
To compare the results of morphological studies,
tissues of the oral cavity from 20 non-HBV and non-
HCV patients were taken as a control. For the
histological study of the oral cavity, the cheek area
was selected as an example of tissue covered with
stratified squamous epithelium and having a
pronounced connective tissue subepithelial layer.
Tissue pieces were fixed in 10% neutral formalin,
dehydrated and embedded in paraffin, according to the
standard histological scheme.3? A series of sections 5
um thick were made from the blocks and stained with
hematoxylin-eosin and picrofuchsin according to Van
Gieson for a general assessment of the condition of the
tissues under study.® It is known that the diagnosis
and prognosis of the outcome of diseases is primarily
based on the study of hematoxylin-eosin sections.
Microspecimens were studied with a Primostar Zeiss

trinocular microscope at 200, 400 and 1000x
magnification. Microphotographs were taken using
Axio Cam ERc5s (Carl Zeiss - Germany). All signs
were studied in accordance with international
standards, WHO recommendations and recognized
research methods.*?

Statistical analysis: Descriptive analysis (Mean +
SD for continuous and frequencies/proportion for
categorical variables) were computed for all variables
of interest. Differences between two groups were
evaluated using “chi-square” or “Fisher’s exact” tests
for categorical variables and “Wilcoxon signed rank
test” for continuous variables. Spearmen correlation
was performed for determination of relationships
between continuous variables. P-value was considered
significant at <0.05 and <0.001 for highly significant
results. Analyses were conducted using Excel 2013
and R software.

Institutional Review Board Statement: The study
was conducted in accordance with the Declaration of
Helsinki, and approved by the Ethics Committee of
Yerevan State Medical University (Approval No. 2
dated 24 October 2019).

To study the dental status, patients' complaints and
data from a clinical examination of the oral cavity
were taken into account, which included: external
examination of the lips and corners of the mouth,
assessment of the condition of various parts of the oral
mucosa. Patients complained of discomfort in the oral
cavity, dry mouth, tightness of the lips, soreness in the
corners of the mouth, burning and tingling sensations
in the tongue, changes in taste, coated tongue, and
roughness of the oral cavity. Clinical examination data
are presented in Tables 1 and 2.

Tablel.
Clinical examinatiordataon the oral mucosan patientswith HBV andnonHBYV groups

non-HBV HBV p-value*
Sign n=100 n=95
absolute % absolute %
number number
Erosion on the lips  Absent 99 99 92 97.9 >0.614
Present 1 1 2 2.1

Cracks in the corners of the mouth
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Absent 99 99 45 47.4 <0.001

Present 1 1 50 52.6
Disorders in the mucous membrane relief
Absent 97 97 6 6.3
Present 3 3 89 93.7 <0.001
Hemorrhages on the buccal mucosa and the hard palate
Absent 100 100 8 8.4 <0.001
Present 0 0 87 91.6
Telangiectasia on the buccal mucosa
Absent 100 100 70 73.7 <0.001
Present 0 0 25 26.3
Coated tongue Absent 100 100 15 15.8 <0.001
Present 0 0 80 84.2
Foci of epithelial desquamation on the surface of the
tongue
Absent 100 100 77 81.1 <0.001
Present 0 0 18 18.9

*p-value test result from the comparison between HBV and non-HBV groups

Table2.
Clinical examinatiordataontheoral mucosan patientswith HCV andnonHCV groups

Sign non-HCV HCV p-value*
n=100 n=96
absolute % absolute %
number number
Erosion on the lips Absent 99 99 83 86.5 <0.001
Present 1 1 13 13.5
Cracks in the corners of the mouth
Absent 99 99 55 57.3 <0.001
Present 1 1 41 42.7
Disorders in the mucous membrane relief
Absent 97 97 10 10.4
Present 3 3 86 89.6 <0.001
Hemorrhages on the buccal mucosa and the hard palate
Absent 100 100 21 21.9 <0.001
Present 0 0 75 78.1
Telangiectasia on the buccal mucosa
Absent 100 100 31 32.3 <0.001
Present 0 0 65 67.7
Coated tongue Absent 100 100 6 6.2 <0.001
Present 0 0 90 93.8
Foci of epithelial desquamation on the surface of the
tongue
Absent 100 100 36 375 <0.001
Present 0 0 60 62.5

*p-value test result from the comparison between HCV and non-HCV groups

During an external examination of the lips, (p>0.614) from non-HBV, where this element of the
erosions on the lips were detected in 2.1% of patients lesion was observed in 1% of cases. The frequency of
with HBV, which did not differ significantly detection of cracks in the corners of the mouth with

Sahakyan K, Mkrtchyan G, Yessayan L, Azatyan V. Morphological Features of Biopsy Samples of the Oral Mucosa in
Patients with Viral Hepatitis B and C. Bulletin of Stomatology and Maxillofacial Surgery 2024;20(2):15-27.
doi:10.58240/1829006X-2024.2-15

18



HBV was 52.6%, which is significantly and
significantly higher than that in the non-HBYV group (p
<0.001). Disorders in the mucous membrane relief of
the oral cavity in the HBV group was observed in
93.7%, which with a significant degree of reliability
was many times higher than the frequency of
occurrence of this indicator in non-HBV patients (p
<0.001). Hemorrhages on the buccal mucosa and hard
palate were detected in 91.6% of the examined
patients with HBV, and telangiectasia on the buccal
mucosa in the HBV group was detected in 26.3% of
cases. In both cases, they were statistically
significantly different from the non-HBV group
(p<0.001). The examination of the tongue also
revealed symptoms that were absent in the non-HBV
group. The presence of coated on the surface of the
tongue was found in 84.2% of examined HBV, and
foci of epithelial desquamation of the surface on the
tongue - in 18.9% (p<0.001).

A similar picture was observed in patients with
HCV. And so, erosions on the lips were detected in
13.5% of cases, the presence of cracks in the corners
of the mouth was observed in 42.7%. The incidence of
these two indicators in the non-HCV group was 1%.

Disturbances in the relief of the oral cavity in the
examined population with HCV were detected in
89.6%, in the non-HCV group - in 3%. When
analyzing the above-described indicators, the
difference in data was statistically significant
compared with the non-HCV group (p <0.001).
Hemorrhages on the buccal mucosa and hard palate
were observed in 78.1% of those examined and in
67.7% of cases, telangiectasia on the buccal mucosa.
These two signs were absent in the non-HCV group
and were statistically significant (p<0.001).
Obviously, these signs are pathognomonic for HCV.
The examination of the tongue also revealed
symptoms that were absent in the non-HCV group.
The presence of coated on the surface of the tongue
was found in 93.8% of examined HCV, and foci of
epithelial desquamation of the surface on the tongue -
in 62.5% (p<0.001). Compared to the non-HCV
group, the difference in data in both cases was
statistically significant (p<0.001).

To confirm the results of clinical data, we
conducted a morphological study of a biopsy sample
of the oral mucosa. Biopsies were taken from the
affected areas of the oral mucosa. All signs of damage
to the oral cavity were presented in Table 3.

Table3.
Themainmorphologicalchangesn the oral mucosawith HBV andHCV

Sign HBV HCV
n=20 n=20
absolute % absolute %
number number
Inflammatory infiltration Absent 0 0 0 0
Present 20 100 20 100
Circulatory disorders Absent 1 5 0 0
Present 19 95 20 100
Ulcerations of the mucous membrane with fibrinous
deposits Absent 19 95 20 100
Present 1 5 0 0
Fibrosis of the mucous membrane
Absent 17 85 1 5
Present 3 15 19 95
Dystrophic changes in squamous epithelium
Absent 2 10 2 10
Present 18 90 18 90
Lymphoplasmacytic infiltration
Absent 0 0 2 10
Present 20 100 18 90
Neutrophil admixture Absent 12 60 16 80
Present 8 40 4 20
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In addition to the main pathomorphological
changes, we identified such criteria as
lymphoplasmacytic infiltration and an admixture of
neutrophils. In the oral cavity, the main localization of
the pathological process was the mucous membrane of
the cheek - in 55%, gums - in 45% of patients.
Inflammatory infiltration was determined in the form
of lymphoplasmacytic in 90% (18) of patients with
HCV and with HBV, this sign was observed in all
patients (Fig. 1 a, b). An admixture of neutrophils was
observed in 40% (8) of patients with HBV and 20%
(4) of patients with HCV. Ulcerations of the mucous
membrane were also noted. Circulatory disorders
were manifested by edema, hemorrhage, stasis in the
capillaries, plethora, and angiomatosis. Obliteration of
the lumen of blood vessels, fibrinoid necrosis and
fibrinoid swelling of the vessel walls were observed.

Distrophic changes in the squamous epithelium were
in the form of acanthosis, parakeratosis and
thickening.

The results of the histological study show that
almost all groups of patients showed combinations of
the pathohistological signs described above. Signs of
inflammation of the oral cavity mucous were observed
in biopsy specimens of all examined patients in the
form of pronounced inflammatory cell infiltration
mainly in the upper layers of the mucous membrane
(inflammation was predominantly productive in
nature). The inflammatory infiltrate was represented
mainly by lymphocytes, plasma cells and segmented
leukocytes. This is a manifestation of both severe
chronic inflammation and the participation of immune
mechanisms in the development of the pathological
process.

Figure 1. Angiomatosisandlymphoplasmacytifiltration in thelaminapropria of themucous
membranen patientswith HBV (a) and HCV (b). Lymphoplasmacytimfiltrate is located
predominantiyunderthe squamougpithelium(hematoxylirand eosinstainingx 100)

The severity of cellular reactions is an indicator of
the activity of the immune system in relation to
cellular surveillance. Circulatory disorders occurred
with almost the same frequency as inflammatory
infiltration. Lymphoid infiltration was also detected

a
Figure 2. Migration of theinflammatoryinfiltrate into the thicknesf the epitheliallayer
during exacerbatiorof stomatitis(stainingwith hematoxylirand eosinx 400)

around unevenly full-blooded microvessels, at the
border of the epithelium with the underlying tissue, in
some cases with migration of the infiltrate into the
thickness of the epithelial layer (Figure 2a, b).
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In the squamous epithelial layer, signs of
thickening, focal keratinization, acanthosis (Figure 3.
a, b) and dystrophic changes (hydropic and vacuolar

degeneration) in the cells were found - in 90% (18) of
cases with HBV and HCV (Figure 4. a, b).

a

Figure 3. Leukoplakiaof the oral mucosa(a). Signsof focal keratinizationin thethicknesf the
epitheliallayer (b). (Stainingwith hematoxylirand eosinx400)

Figure 4. Hydropic (a) andvacuolar(b) degenerationn thecellsof the epitheliallayer (staining
with hematoxylirmandeosinx 400)

A morphological examination of the oral mucosa
revealed swelling and hyperemia with multiple
erosions of irregular shape. Segmented leukocytes
predominated in the infiltrate: with HBV in 40% (8)
and with HCV in 20% (4) of cases. In this case,
damage to epithelial cells and the appearance of
vacuoles in their cytoplasm were detected, i.e.

vacuolar, up to balloon dystrophy, death and
desquamation of the epithelium with the formation of
microerosions, which were often detected only by
microscopic examination. Erosions or microulcers
were covered with fibrinous deposits in 5% (1) of
cases with HBV (Figures 5 a, b).

Figure 5. Aphthousstomatitis(a). Microerosionsof the mucousmembranere
coveredwith fibrin depositgb). Superficialulcersof the oral mucosaare covered
with fibrinous depositghematoxylirand eosinstainingx 100)
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As the inflammatory process in the oral cavity
weakened, bleeding decreased and erosions became
epithelialized. Changes caused by the development of
sclerosis (proliferation of connective tissue) of the
mucous membrane were determined in 15% (3) of

cases with HBV and in 95% (19) with HCV. Healing
of the oral mucosa occurred against the background of
a higher density of newly formed vessels and the
appearance of collagen fibers (Figures 6 a, b).

Figure 6. Fibrosiswith differentiationof vesselsnto arteriesandveins(a). A large numberof
picrinophilic collagenfibersin the stageof restorationof the mucousnembranén hepatitisB and C (b).
Stainingwith hematoxylirand eosinx100(a), picrofuchsinstainingaccordingto Van Giesonx100(b)

Thus, numerous morphological signs can be
divided into those that are indicators of the severity
and activity of inflammation and those associated with
the long-term chronic course of inflammation of the
oral cavity.

There is practically no pathology that does not
affect the condition of the oral mucosa (OM). At the
same time, the similarity of clinical manifestations in
the oral cavity of diseases that differ in etiology and
pathogenesis contributes to difficulties in making a
final diagnosis.®® Lesions of the oral mucosa aggravate
the course of diseases and serve as an important
addition to the characteristics of the general clinical
picture of viral hepatitis. Viral liver damage plays an
important role in assessing the dental health of
patients.®® At the same time, dentists and doctors of
other specialties do not pay due attention to the
condition of the oral cavity in liver diseases.®* The
experience of dentists in infectious diseases
departments has shown that the effectiveness of
diagnosis and treatment of lesions of the oral cavity
depends on the earliest possible examination of the
admitted patient.*

In the available literature, there are few works that
would study and systematize the symptoms of damage
to the oral cavity in HBV and HCV, especially early
manifestations of the disease. The reliability of the
frequency of occurrence of one or another symptom of
the lesion has also not been studied. Some authors
even point out the contradictory data indicating a
connection between OM lesions and viral hepatitis. In
our opinion, these conclusions are related to the
incorrectness of the research. Thus, Nagao Y. et al.
(2014) studied the nature of OM lesions in patients
suffering from chronic hepatitis (HBV - 20, HCV - 23
patients) and liver cirrhosis caused by HBV (15
patients) or HCV infection (16 patients). Presenting
data on a few cases of OM lesions using descriptive
analysis, the authors came to the conclusion that there
is no connection between chronic HBV and HCV, as
well as the stage of the disease with the frequency and
nature of OM lesions.*” Given the small number of
patients and the lack of proper statistical analysis, one
has to doubt the reliability of the authors’ conclusions.

A comparative study of damage to the oral mucosa
clearly shows that symptoms such as cracks in the
corners of the mouth, disturbances in the relief of the
oral cavity, plaque on the surface of the tongue, which
often occur with viral hepatitis B and C, after complex
treatment undergo almost the same reverse dynamics
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with a high degree of significance (p<0.001).
Similarly, indicators for the presence of hemorrhages
on the buccal mucosa and hard palate improve in viral
hepatitis B and C. Desquamation of the epithelium on
the surface of the tongue, on the contrary, is detected
more often in HCV with significant dynamics towards
reverse development after complex treatment. With
HBV, the number of patients with desquamation was
small and, accordingly, the difference in data before
and after complex treatment was unreliable. As for
telangiectasia, the latter is a pathognomonic symptom
of HCV, undergoing significant reverse dynamics
after treatment.

The problem of liver diseases of viral etiology is
still extremely relevant due to their widespread
distribution. The global coverage of territories and the
high epidemic potential of this group of diseases retain
their social and economic significance. Pathologies
caused by HBV and HCV most often occur in young
people of working age, leading to disability and a
fairly high mortality rate. Thus, the study of the state
of OM in viral hepatitis B and C, the characteristics of
pathomorphological changes is very important, and
therefore our work was carried out.

The paper contains more detailed results which are
few or lacking in the similar publications available.

The weakness of the study was the limited number
of biopsies, which was associated with the high cost
of the study and the refusal of patients to undergo a
biopsy.

In viral hepatitis B and C, the leading positions are

occupied by two leading pathognomonic symptoms -
Disorders in the mucous membrane relief OM and the
presence of plaque on the surface of the tongue.
Hemorrhages on the buccal mucosa and hard palate
are characteristic of viral hepatitis B and C,
telangiectasia and foci of desquamation of the
epithelium on the surface of the tongue are
characteristic of HCV. During a pathomorphological
study of OM in viral hepatitis B and C, inflammatory
infiltration, circulatory disorders and dystrophic
changes in the squamous epithelium were detected in
all patients, fibrosis - in all patients with HCV.
Lymphoplasmacytic infiltration was detected in
almost all patients with HBV and HCV.
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4 TIpodeccop Kadempsl TepaneBTUYECKON CTOMATOIOTHH, I 0Cy1apCTBEHHBIN MEIUIIMHCKHI YHUBEPCUTET HMEHH

M. I'epaun, EpeBan, Apmenus

Pesrome
Beenenmne: B HacTosimiee BpeMs 3a001€BaHuUS CIIM3UCTON 000IOUKH PTa U MAPOIOHTA SBISIOTCS BXKHOM MPOOIEMOit
cromarosioruy. VccnenoBanus MOJOCTH pTa IpU XpOoHHUECKUX O] Py3HBIX 3a001€BaHUAX IIEUYEHU MIPEACTABIISIOT
OoNBLION HHTEpeC A KIMHUAIUCTOB TaK KaK MaTOJIOTHYEeCKUE MPOLECChl, pa3BUBAIOIINECS B TICYSHHU, KaK MIPABUIIO,
MIPUBOJAT K OPraHNYECKUM U (DYHKIMOHAIBHBIM HAPYIICHUSIM B CIIM3UCTON 000JIOUKE ITOJIOCTH pTa.
Heas wuccnenoBaHus SBHIOCH HM3y4YeHHE MOP(OIOTHUECKUX OCOOCHHOCTEH OMONTATOB CIM3UCTOH OOOJOYKH
nosioctu pra y narueaTos ¢ BI'B u BI'C.
Martepuan u metoabi: B uccnenoBanne ydacrsoanu 95 narmentos ¢ BI'B, 96 manmentos ¢ BI'C ¢ mopaxenuem
COP u napojonTa, a Taxke 100 manuenToB KoHTponbHOM rpynmsl 6e3 BI'B u 6e3 BI'C, Ho nMeromme nopaxenus
COP u mapoaonTa. Bospact naruenToB komnebaics 21-64 yiet. Bo Bcex o6cieyeMbIX HAaMU TpyTax IpoBeICHbI 1O
20 Mop¢OTOTHIECKHUX HCCIIeTOBAHHMA.
PesyabTaThl: [l M3ydeHHs CTOMATOJNOTHUECKOTO CTaTyca YYMUTBHIBAIMCH KaloObl MAlMEHTOB W JIaHHBIC
KJIMHAYECKOTO OCMOTpPa MOJIOCTH PTa, KOTOPBIM BKIIIOYAJ: BHEIIHUH OCMOTp I'y0 M YIJIOB PTa, OLEHKY COCTOSHHS
Pa3NUYHBIX OTIENOB CIM3UCTONH 000JIOUKU pTa. s MOATBEpKACHUS Pe3yJbTaTOB KIMHUYECKUX JAHHBIX HAMHU
OBUIO TIPOBeZCHO MOP(OIOTHYECKOE HCCIeNOBaHHE OWONTaTa CIM3HCTOW OOONOYKH TOJOCTH pra. buomraTs
Opasiuch ¢ MOPaKEHHBIX YYACTKOB CIM3UCTOM MOJIOCTH PTa.
BuiBoasi: [Ipu matomopdonornueckom uccneaoBannu COP npu Bupycubix rematurax B u C BocmanutensHas
UHQUIBTPALMA, PACCTPOUCTBA KPOBOOOPALIEHUS U AUCTPOPHUECKIE U3MEHEHUS IUIOCKOTO SMUTENHUS BbISBICHBI Y
BCEX MaIKMeHTOB, GpuOpo3 — y Bcex nmanueHToB ¢ BI'C. JIumdomnazmonurapaas HHQUIBTpanus onpeaeseHa mouTH
y Bcex nanuentos ¢ BI'B u BI'C.
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Abstract
Introduction: Endocarditis is a severe infection of the heart's inner lining caused by several types of bacteria,
including those found in the mouth. Dental procedures have been linked to a higher risk of developing endocarditis
in vulnerable individuals.
Materials and Method: A comprehensive literature search will be conducted using electronic databases, including
PubMed, Embase, and Cochrane Library. The search will be limited to studies published in English from January
2003 to Jan 2023. The following search terms will be used: "endocarditis,”" "infective endocarditis,” "dental
procedures,” "dental care," "oral hygiene," "antibiotic prophylaxis," and "prevention."
In this article, we review the evidence regarding the risk of endocarditis in dentistry and the measures that can be
taken to prevent it. Evidence acquisition: Studies have shown that invasive dental procedures, such as tooth
extractions and periodontal surgery, can cause bacteria to enter the bloodstream, leading to infective endocarditis.
Specific individuals are at higher risk of developing endocarditis, including those with pre-existing heart conditions,
prosthetic heart valves, and a history of endocarditis. Evidence Synthesis: To minimize the risk of endocarditis in
dental patients, the American Heart Association (AHA) has issued guidelines for using antibiotics

Cesare DA, Ronsivalle V, Romano GL, et al. Infectious Endocarditis in Dentistry: A summary review on Risks and
Therapies. Bulletin of Stomatology and Maxillofacial Surgery2024;20(2):28-44. doi:10.58240/1829006X-2024.2-28
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prophylaxis. Other measures that can help reduce the risk of endocarditis in dental patients include good oral
hygiene practices, regular dental check-ups, and early treatment of any dental infections.

Conclusion: It is essential to recognize the signs and symptoms of endocarditis and refer high-risk patients for
prompt medical attention, as the risk of this condition in dentistry is significant. Dentists and healthcare
professionals should be aware of the risk factors and take appropriate measures to minimize the risk of infection,
including antibiotic prophylaxis and good oral hygiene practices. Further research is needed to understand the risk
of endocarditis in dental patients and develop effective preventive strategies.

Keywords:Biological Incident Endocarditis;Oral Health; Oral Surgery;Prophylaxis.

Infective endocarditis remains a significant
problem of general pathology and medical and
surgical cardiology.® Endocarditis is a rare but
potentially life-threatening infection of the heart's
inner lining, known as the endocardium. It can occur
in individuals with underlying heart conditions or
those who have undergone invasive medical or dental
procedures. Dental procedures are among the most
common causes of infective endocarditis (IE),
accounting for up to 10% of all cases. Antibiotic
prophylaxis in patients undergoing dental procedures
(oral surgery, orthognathic surgery, invasive
intervention Campo 4) has been a debate among
healthcare professionals. The current guidelines
recommend antibiotic prophylaxis only for patients at
high risk of IE, while others argue that this approach
may not be sufficient to prevent the condition. The
effectiveness of other preventive measures, such as
improved oral hygiene and patient education, has also
been questioned. Therefore, there is a need for a
comprehensive review of the literature on the risk of
endocarditis associated with dental procedures and the
measures that can be taken to prevent this condition.*
6

Despite significant advances such as the discovery
of antibiotics, the progress of cardiac surgery (which
allows the hemodynamic consequences of valvular
lesions to be corrected) and the possibility of effective
antibacterial prevention, the global frequency of the
disease and its mortality have not decreased. The
decrease in the forms of subacute or slow endocarditis
(Osler's disease) usually caused by streptococcus is
more than compensated for by the increase in the
number of acute conditions due to very virulent germs
coming from different and new sources: resuscitation,
hemodialysis, heroin addiction, recalling, finally, the

forms of endocarditis at the level of valve prostheses,
whose seriousness is well known.”8

The disease diagnosis is often relatively late, which
dramatically aggravates the prognosis.®!

The subacute forms often manifest themselves in a
moderate condition and are even ftrivial for a long
time, sometimes indistinguishable from the
underlying valvular disease. The majority of the acute
forms are primitive, and for this reason, attention is
not primarily drawn to the heart. The diagnostic
difficulties are even more significant for endocarditis
implanted at the valve prostheses level. Blood culture
naturally remains the decisive diagnostic tool.***°

The nosological entity known as infective
endocarditis includes numerous syndromes: infective,
local (with the evolution towards the valve lesion),
embolic and immunological, the juxtaposition of
which takes into account the protean clinical aspects
and explains the frequency of diagnostic delays (2 - 3
months, on average, in subacute forms).16-18

This article aimed to provide an overview of the
current knowledge on the risk of endocarditis
associated with dental procedures and the preventive
measures that can be taken in dental patients to reduce
this risk. The review will focus on the evidence
supporting antibiotic prophylaxis and other preventive
measures, such as improved oral hygiene, patient
education, and the use of dental devices. The results
of this review will be valuable for healthcare
professionals involved in dental care, policymakers
developing guidelines for the prevention of
endocarditis in dental patients, and patients who may
be at risk of developing this serious condition. This
manuscript aimed to provide an overview of the
existing literature on the risk of endocarditis
associated with dental procedures and the measures
that can be taken to prevent this condition.
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A comprehensive literature search will be
conducted using electronic databases, including
PubMed, Embase, and Cochrane Library. The search
will be limited to studies published in English from
January 2003 to Jan 2023. The following search terms
will be used: "endocarditis," "infective endocarditis,"
"dental procedures,” "dental care,” "oral hygiene,"

"antibiotic prophylaxis," and "prevention."

Studies that investigate the risk of endocarditis
associated with dental procedures, the use of antibiotic
prophylaxis in dental patients, and the measures taken
to prevent endocarditis in dental patients will be
included. The studies can be randomized controlled
trials, observational studies, or systematic
reviews/meta-analyses.

Studies focusing on endocarditis not associated
with dental procedures, studies published before 2003,
studies not published in English, manuscripts on
animals and studies that do not meet the inclusion
criteria will be excluded.

Data will be extracted from the selected studies,
including study design, population characteristics,
intervention, outcome measures, and main findings.
The data will be organized using a data extraction
form developed specifically for this review.

The data will be analyzed using a narrative
synthesis approach. The findings of the selected
studies will be summarized and organized according
to the research question. The results will be presented
in a table format and discussed in the text.

Fi-index tool has been performed to reduce the risk
of auto-citation in this manuscript.1® 2

1. Subacuteendocarditis

Osler's disease. It is due to infection with a slightly

virulent germ (usually streptococcus) at a pre-existing
cardiac lesion level during transient bacteremia. The
most frequent entrance door is the dental one (10-20%
of all endocarditis): in particular, extraction of an
infected tooth without antibiotic prophylaxis in a
patient with valvular heart disease (very often it is
heart disease not known and endocarditis becomes the
telltale  episode).??>  Much rarer are the
otorhinolaryngological (streptococcus), urinary or
genital (streptococcus D, plus staphylococci aureus
which is also responsible for the acute forms) entrance
doors. All heart diseases characterized by the
presence of turbulent flows can be the site of an
infection. Classically, rheumatic heart diseases are in
the first place: nettle insufficiency, mitral
insufficiency, more rarely, aortic stenosis and, above
all, mitral stenosis. However, the reduction in the
frequency of rheumatic fever has not been
accompanied by the expected decrease in the forms of
subacute endocarditis. The latter manifests itself in
the same way also on atheromatous valve lesions and,
above all, congenital heart disease: not so much the
classic forms (tetralogy of Fallot, patent arterial duct,
interventricular defect, aortic coarctation) in which
antibacterial prophylaxis is a well consolidated, as
were the lesions that are difficult to identify because
they are usually silent and whose frequency and
importance has been revealed using
echocardiography: bicuspid aortic valve and mitral
valve prolapse.?®%

2. Acuteendocarditis

It is defined as an essential and rapidly evolving
infectious syndrome (death within a few weeks before
the advent of antibiotics). The diagnostic elements are
entirely different. It is a massive septicemia whose
starting point is easily found:

9 catheter or cannula for intravenous infusion left in
place for a long time, which is the source of
septicemia from staphylococcus aureus or Gram-
negative germs;

9 surgical entry doors (same germs);

heroin addiction (gold staphylococcus);

9 arteriovenous shunts for hemodialysis (gold
staphylococcus);

9 manipulations on the urinary tract or genitals
(gram-negative germs);

1 pneumopathies (pneumococcus);

otorhinolaryngological affections (streptococci

=

=
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and other Gram-positive cocci).

The diagnosis of septicemia is then evident, while
that of endocarditis is not so: the implantation of
germs almost always takes place on a healthy
endocardium (primitive endocarditis), an event made
possible by many circulating germs. It is usually the
finding of a murmur, otherwise rarely characteristic,
which reveals the associated endocarditis.

3. Prostheticendocarditis

It arises on valve prostheses or intracardiac patches
and can occur early, within the first two postoperative
months. In this case, it is due to a perioperative
infection from hospital germs (golden staphylococcus
and albo, Gram-negative germs) and assumes the
clinical aspects of the acute  forms.
When, on the other hand, it manifests itself late,
endocarditis does not differ from the other subacute
forms either for the entrance doors, for the responsible
germs or the symptoms.
However, the presence of a prosthesis complicates the
diagnosis (in particular as regards the contribution of
echocardiography) and, above all, the treatment; it is
an infection implanted on a foreign body, in fact,
similar to what happens, for example, for
osteomyelitis on osteosynthesis material.

The diagnosis of infective endocarditis is a
diagnosis of affirmation. The usual delay in diagnosis
is the leading cause of the persistent severity of the
disease. It is, therefore, necessary to have the greatest
prudence in formulating the diagnosis of rheumatic
fever in children, thromboembolic illness in adults,
and neoplastic fever in the elderly.

1. Subacutdorms

1 Onset is progressive; sometimes, the disease
begins suddenly, with a feverish episode lasting a
few days. The anamnesis sometimes allows us to
detect, in the weeks, sometimes in the months that
precede, more or less discontinuous feverish
episodes, soon accompanied by an alteration of

the general state, from arthralgias, myalgias,
pallor. The frequent prescription of antibiotics
during fever episodes eliminates the fever and
prolongs its evolution until the moment when the
diagnosis is recalled by the presence (or
consideration) of a heart murmur. Hospitalizing
the patient to perform blood cultures in optimal
conditions is necessary. Some clinical elements
can, already at this stage of the disease, make the
diagnosis almost inevitable, even if the blood
cultures remain negative:?"%

0 the significant increase in the intensity of a
previously known murmur (or the presence of
a massive regurgitant murmur when the X-ray
and electrocardiogram are normal, which
confirms the recent character of the valve
lesion);

o the presence of splenomegaly (10% of cases);

o0 the appearance of cutaneous signs (20-25%%
of cases): Osler's nodules, erythematous
nodules of the fingertips, evolving for a few
days' poussée, painful, which can be easily
traced from the anamnesis, and whose
importance semiological is absolute and
purpuric manifestations, of which the
purpuric streaks found in the fundus of the eye
in 5% of cases (Roth's streaks or septic
retinitis) whose diagnostic  value is
considerable;

o finally, it highlights an entrance door of the
germ, a dental abscess, or dental treatment
performed without antibiotic coverage during
the previous weeks or months.

Laboratory tests are not, except for blood culture,

of much help.

o the blood count often shows anaemia, less
often leukocytosis.

0 the erythrocyte sedimentation rate is variable.

0 electrophoresis shows an increase in y-
globulins, less often an increase in a2-
globulins.

o0 the urine sediment rarely shows (in 10% of
cases) very transient microscopic hematuria.

0 more interesting is the so-called
"immunological syndrome", which has been
much insisted on recently and is explained by
the persistence in circulating bacterial
antigens for a relatively long period. These
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antigens condition the formation of antibodies
(immunoglobulins) and the appearance of
antigen-antibody immune complexes that
trigger the activation of the classical
complement pathway.

It is thus possible to find a fall in the total silk
complement and some fractions, positivity to the
Waaler -Rose reaction and the latex test, the presence
of cryoglobulins, and the presence of circulating
immune complexes. However, the described
immunological syndrome, which is also not specific,
is very inconstant (40-50% of cases) and is only
observed in forms with a protracted evolution.

9 The value of blood culture, therefore, remains
fundamental. Blood cultures should be performed
according to precise rules: from 4 to 6 blood
cultures in 2 days, or 9 in 3 days, on aerobic and
anaerobic soils, with samples taken preferably at
fever pitches and, above all, chills. However,
blood cultures are equally positive outside of
feverish episodes and, occasionally, in afebrile
patients. Positive blood cultures should indicate
septicemia and not bacteraemia, which means at
least two positive blood cultures for the same
germ (otherwise, it is probably contamination)
and separated by a time interval of at least 6 hours.
Germs usually grow in 1-3 days, sometimes much
slower. Once isolated, the germ should be studied
and performed to choose the appropriate antibiotic
treatment and susceptibility test. The latter should
be performed frequently to determine the
bactericidal power of the patient's serum on the
isolated strain. The diagnostic difficulties are
increased when the blood cultures, performed
according to the rules, remain negative. We must
then admit that we are dealing with germs with
attenuated virulence; numerous bacteriological
and histological studies performed on surgically
removed valves have shown that, in these cases,
streptococcus is almost always the cause. In these
cases, treatment is required when the clinical
picture is typical of endocarditis and, above all,
when the characteristic signs of the disease are
highlighted on the echocardiogram.?®

1 Echocardiography is a fundamental means of
investigation in infective endocarditis. The

importance of echocardiography is threefold:

o from a diagnostic point of view, as it reveals
the presence of vegetation (Figures 1, 2);

o from an etiological point of view, in
discovering an underlying heart disease;

o from a prognostic point of view, for an
evaluation for surgery.1415%

Figure 1. Aortic insufficiencydueto infective
endocarditisVegetationgould be observedhrough
echocardiographi@xamination

Figure 2. Grosspathologyof subacutebacterial

endocarditisinvolving mitral valve.Theheart'sleft

ventriclehasbeenopenedo showmitral valvefibrin
vegetationslueto infectionwith Haemophilus
parainfluenzaeAutopsy ContentProviders(s):

CDC/Dr. EdwinP. Ewing,Jr. CreationDate: 1972

CopyrightRestrictionsNone- Thisimageis in the

public domainandthusfree of any copyright
restrictions

The vegetations are echocardiographically
represented by dense, irregular, heterogeneous
echoes, integral with the valves, which however
maintain their mobility (contrary to the appearance of
valvular stenosis). The smallest vegetation is
detectable by echocardiography, which measures
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about 2 mm. They have a perfectly linear appearance,
with the characteristic "flag" morphology on the
sigmoid aorta. Sometimes it is possible to observe the
arctic vegetation prolapse inside the left ventricle
(Figure 1) and the mitral ones inside the left atrium.
At the mitral and tricuspid level, the usual appearance
is that of a valvular thickening in the diameter stoles
and frequently also in systole (figure 1). It is
sometimes difficult to distinguish the appearance of
vegetation from that of rupture of the tendon cords,
although the latter is often due to endocarditis. When
aortic  insufficiency is  associated  finally,
simultaneously with the thickening of the mitral valve,
there should be a fluttering of its anterior leaflet in
diastole (Figure 1). In some cases, the diagnosis of
endocardial vegetation is made considerably more
precise by two-dimensional echocardiography, above
all in the fascinating cases in which very large and
mobile vegetations go so far as to obstruct the mitral
orifice.

Finally, in addition to the diagnosis of the
underlying heart disease (very often not diagnosed
until the moment of the endocardial complication),
echocardiography can provide critical prognostic
elements also for a possible surgical decision: for
example, the detection of an early closure mitral valve
is indicative of severe aortic regurgitation. It is
possible with two-dimensional echocardiography to
demonstrate a septal and sub-annular abscess or
through an abnormal communication between two
cavities (more frequently in acute forms). The
prognostic interest in the echocardiographic control of
the vegetation is relatively scarce: the latter can
undergo calcification processes over time, and the
appearance of "vegetation" can often persist even after
clinical healing.*

In the presence of the typical clinical,
bacteriological and echocardiographic picture, the
diagnosis of endocarditis is usually easy to establish.
Otherwise, the problem arises with the antibiotic
treatment of endocarditis with negative blood cultures.
Undoubtedly, since it is usually a streptococcal
infection, the choice of antibiotic treatment is simple.
However, experience shows that many of these
systematic treatments are arbitrary, especially when
the average ECG or cardiogram and the typical
immunological changes are absent. However, let us
recall Friedberg's statement: in a valvulopathy subject,
any fever of an unexplained nature lasting more than

eight days should be treated as endocarditis. This rule
is probably excessive since endocarditis is extremely
unlikely in some exceptional cases (such as fever in
mitral stenosis with total arrhythmia and/or heart
failure). The decision to treat (or not to treat) must
then be taken in a specialized hospital environment,
with the availability of an excellent bacteriological
laboratory.3-33

2. Acuteforms

They have become frequent with the increase in
hospital environment infections (from catheters, in
particular) and the diffusion of heroin addiction. The
diagnostic problems seen in the subacute forms are not
generally in the foreground here: the entrance door is
usually evident, and the clinical picture of septicemia
is beyond doubt, with symptoms of major infections,
constant hyperleukocytosis, and rapidly positive
blood cultures. Splenomegaly is no longer very
frequent, and skin signs (as well as the immunological
syndrome) do not have time to appear. Often, the
clinical picture is suddenly enriched by the appearance
of early complications (see below). The diagnosis of
endocarditis is easily suggested when there is an
important valve murmur. However, this often does not
occur for various reasons: the endocarditis is usually
primary; the frequent tricuspid localization gives rise
to a slight systolic murmur, and listening is often
normal. In the latter case, the diagnosis can then be
formulated during septicaemia due to the occurrence
of repeated pulmonary emboli; finally, it should be
remembered that (as in damage to the left heart) there
is a certain period of auscultatory latency when there
are only vegetations, without valve mutilations
(autopsy diagnoses are frequent in these cases). All
these elements underline the enormous value of
echocardiography: with this test, which in cases of
subacute endocarditis is approximately 50% positive,
the percentage of positivity here reaches 90% (on
condition that the tests are repeated every eight days,
given that the first test may be negative). The problem
of acute endocarditis is essentially therapeutic: the
virulence and relative resistance of the germs involved
give rise to heavy mortality.34%

3. Prostheticendocarditis

They can be late, subacute, or early (in the first two
postoperative months) of the acute type. The
frequency of these forms is the same (1%), and all
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prostheses can be involved. The diagnostic difficulties
are variable. They are of two kinds: o
echocardiography is usually of little help; only the
two-dimensional examination can sometimes make it
possible to identify vegetation implanted on a
prosthesis; or the recognition through blood culture of
early postoperative septicaemia after the application
of a prosthesis corresponds only in the minority of
cases to an endocardial implant but, usually, to
septicemia both from catheter and associated with
mediastinitis. Only direct signs of damage to the
prosthesis or embolic signs allow for affirming
endocarditis. However, Friedberg's rule (unexplained
fever = endocarditis) must be applied categorically
here and the duration of the antibiotic treatment must
be fixed accordingly. Endocarditis on early prostheses
has a certain bacteriological individuality, the most
frequent germ involved being staphylococcus albo,
followed by staphylococcus aureus and Gram-
negative bacilli. Asarule, negative blood cultures are
observed in streptococcal forms.37:38

4. Particular clinical forms

9 Endocarditis in children is rare. It always refers to
subacute endocarditis caused by streptococcus,
complicating a congenital heart disease. Their
prognosis is good. However, in some cases where
they complicate rheumatic endocarditis, they
should not be confused with a recurrence of the
rheumatic disease itself.¥

9 Endocarditis of drug addicts is becoming very
frequent. They are observed with a frequency of
more than one case per thousand drug addicts per
year. These are acute endocarditis, most
frequently due to staphylococcus.3’4°

This endocarditis is the aetiology of most tricuspid
localizations. Alongside the golden staphylococcus,
Gram-negative germs and fungi can sometimes be
identified. The prognosis is initially favourable due to
the relative sensitivity of the staphylococcus and the
non-threatening nature of the induced tricuspid
lesions; the embolic phenomena are generally only at
the pulmonary level. However, relapses due to the
continuation of drug addiction make the long-term
prognosis extremely poor.

5. Fi-indextool

This manuscript has been checked with the Fi-
index tool, and a score of 0.18 was obtained for the
first author only on 12/03/2023 according to
SCOPUS®. The fi-index tool aims to ensure the
quality of the reference list and limit any auto-
citations.

Resistance Streptococci are always sensitive to a
well-chosen antibiotic association. sometimes very
high. Regarding Staphylococcus albus and a certain
number of Gram-negative bacteria, the cultures are
often highly resistant. The possibility of healing with
antibiotics alone is very compromised regarding
prostheses. In the case of resistant germs and most
endocarditis on prostheses, the antibiotic treatment
must be completed by excision of the valve or the
infected prosthesis. The antibiotic treatment will be
followed based on the infectious syndrome's clinical
evolution and laboratory data (serum bactericidal
power). The persistence or reappearance of the fever
must lead to new blood cultures: only their positivity
testifies to the failure of the antibiotic treatment, with
the implicit need for a new association or surgery.
Finally, it must be remembered that the inflammatory
and immunological syndrome persists for a certain
time after sterilization of the lesion.* 42

1. Cardiaccomplications

They are the most frequent (30-40% of cases) and
almost  always require surgical correction.

9 Heart failure can occur at any time in the evolution
of the disease and often earlier in acute
endocarditis. In the latter case, it is made
particularly serious by a sudden, mutilating valve
lesion since the heart does not have the time to
adapt to the new hemodynamic situation. When
heart failure is early (it can also be the revealing
symptom of endocarditis), it requires emergency
surgery, even before sterilization of the lesion.
The speed of evolution depends on the valve in
question.

T Aortic insufficiency, for example, is, at the same
time, the most frequent and the most rapidly
evolving. It can be diagnosed by the signs of
major aortic regurgitation (sometimes with
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atypical auscultation, but with evident peripheral
signs) and can result in pulmonary oedema, often
anginal pain, anuria, conduction disturbances
from an associated septal abscess, and premature
closure of the mitral valve on echocardiogram.
Mitral regurgitation, more typical from a clinical
point of view, evolves less rapidly. Under medical
treatment, one can usually wait until the end of the
antibiotic treatment to consider surgery.

It is to be distinguished from mitral stenosis due
to occlusion of the orifice by vegetations; it has a
very serious prognosis, and the diagnosis is based
on echocardiography.

As for tricuspid insufficiency, its haemodynamic

9 Embolisms are frequent (20-40%); half are

represented by cerebral embolisms, with a serious
prognosis preventing associated cardiac surgery.
Acrterial aneurysms of immunological origin can
remain silent until they rupture. Finally,
staphylococcal endocarditis is characterized by
the high frequency of massive cerebral
haemorrhages. Renal failure is a rare late
complication that does not, with exceptions,
destroy the renal parenchyma. Sometimes,
revealing the disease allows the diagnosis through
the kidney biopsy needle. Anuria occasionally
observed in severe aortic damage, is essential for
the hemodynamic origin and regresses after valve
replacement.**

tolerance remains perfect over the course of
months.

9 Finally, we must remember the existence,
frequent in acute forms, of lesions with multiple
orifices, associated myocardial damage (from
abscesses or of coronary origin), and conduction
disturbances, which greatly increase the risks of
surgery.

9 In prosthetic endocarditis, the complications may
consist of disconnection or thrombosis, which is
very difficult to recognize.*®

It must be bactericidal, applied in large doses,
continued and prolonged. Antibiotics penetrate at the
level of the vegetation, but the slow development of
germs requires a long time for sterilization. As a rule,
combinations of synergistic antibiotics are used, the
bactericidal effect of which is safer. The duration of
the treatment is discussed and varies according to the
resistance of the germs, generally, from 4 to 6 weeks.
The treatments carried out by the venous route

(employing penicillins) are the most effective (Table

2. Arterial complications 1).%

There are three types.

Table 1. Antibiotic treatments

Streptococcal and staphylococcal D (enterococcus) endocarditis

Penicillin is the primary treatment: 30 to 50 million units per day. It should be remembered that 1 million
penicillin sodium contains 47 mg (1.7mEq) of sodium. The administration of many tens of millions of units of
this antibiotic can lead to an excessive daily supplement of sodium, especially if they are already there are signs
of decompensation; in these cases, it is, therefore, advisable to resort to potassium penicillin, even if this salt is
tolerated a little less well.

Penicillin will be combined, on the basis of the antibiogram, with an aminoglycoside: either streptomycin (1
g/day) or gentamicin (1 mg/kg x 3 days). When the germ is sensitive, the American authors propose limiting
the association with aminoglycosides to the first 15 days. The total duration of treatment can then often be
reduced to 1 month.

In case of allergy to penicillin, instead of the classic combination of tetracycline + erythromycin per os,
vancomycin by the intravenous route is currently preferred.

Staphylococcal endocarditis

Strains sensitive to methicillin are treated with a methicillin + aminoglycoside combination; methicillin -
resistant strains with vancomycin alone or combined with aminoglycosides. The treatment will last 45 days.
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Bacillus endocarditis Gram negatives

They are very difficult to sterilize and the most effective combination must be carefully studied in the
laboratory. It will associate carbenicillin (or, more often, with a 3rd generation cephalosporin) gentamicin,
tobramycin or amikacin. But often surgery is also necessary during antibiotic treatment.

Fungal endocarditis

These are treated with the combination amphotericin B + 5 fluorocytosine. Culture negative endocarditis.

They are treated as potentially resistant streptococcal endocarditis, i.e., with the combination of penicillin +

gentamicin for 45 days.

3. Sidetherapies

No corticoids should be associated with antibiotics
(except in exceptional cases of a severe allergy to
antibiotics), or anticoagulants, given the very clear
aggravation of the neurological complications that
these involve, and which are observed in particular in
endocarditis on  prostheses, where however,
anticoagulant treatment remains mandatory. In case of
heart failure in the preoperative period, treatment with
digitalis and diuretics, and especially with
vasodilators, is used.*®

The indication for a valve replacement with a
prosthesis may be, more usually, heart failure due to
severe valvular damage (haemodynamic indication),
the excision of a valve focuses resistant to antibiotics
(bacteriological indication), or the association of the
two cases (mixed indication, frequent in
staphylococcal and bacillus endocarditis Gram-
negative).

1 The haemodynamic indication must be given from
the first signs of heart failure, without considering
the duration of the antibiotic treatment. The
prognosis does not change depending on whether
the valve culture is positive or negative. However,
in aortic damage (usual indications) the frequency
of prosthesis disconnection is higher when the
lesions are not yet sterilized, which often exposes
them to a re-operation. In these cases, it is often
necessary to carry out complex surgical
monitoring, going as far as inserting the prosthesis
in the ascending aorta with coronary bypass
implantation in the downstream section.

When the culture of the excised valve is positive,

treatment will be indicated during the 45 days
following the operation. If the cultures are
negative, the antibiotic treatment will be much
shorter.

9 The bacteriological and mixed indications make it
possible to heal a certain number of patients.
However, when the germ is very resistant, the
infectious recurrence on the prosthesis is not
uncommon. In the case of infected tricuspids, it
has been demonstrated that exeresis of the valve
without replacement (since this last operation can
be performed 6 to 12 months later) is possible and
greatly reduces the number of infectious
recurrences.

1 For infected prostheses, the surgical indication is
frequent and, in principle, systematic when
dealing with staphylococci, germs Gram-negative
and fungi. The results are better when the
operation is deferred and the patient is operated on
under effective antibiotic treatment.**8

Its importance is fundamental in every heart patient
exposed to bacteraemia. In a previous issue of this
journal, the indications and methods of this
prophylaxis were reported, according to what the
American Heart Association recommended in 1977.
At the end of 1982, the British Society for
Antimicrobial Chemotherapy*® issued prophylaxis
standards including much more limited indications
and much simpler methods, especially considering the
very low practical observance (15%) found for the
previous standards. We report here the most recent

recommendations of the British company (Table 2,
3).45,50-55
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Table 2. For manoeuvresf the oral cavityandthe otherrespiratorytracts

A single administration of 3g of amoxicillin orally 1 hour before surgery is sufficient.

In general anaesthesia: amoxicillin 1g IM before induction and 500mg orally after 6 hours.

In patients at particularly high risk: amoxicillin 1g IM combined with gentamicin (Gentalyn f 80 mg),
administered 15 min before surgery (or immediately before induction if this is performed under general
anesthesia), followed by amoxicillin 500 mg orally after 6 hours.

In patients allergic to penicillin or who, having already been treated with penicillin, may harbour germs
resistant to it, this drug should be replaced with erythromycin stearate 1.5¢g per os 1-2 hours before surgery
and 500mg 6 hours after; or, in particularly high-risk cases: vancomycin g intravenously over 20-30min
followed by gentamine 120mg intravenously.

Table 3. For manoeuvresindergeneralanaesthesian the genitourinaryor gastrointestinatract

The administration of amoxicillin 1g 1M, associated with gentamicin 120 mg IM, administered immediately
before induction, followed by amoxicillin 500 mg orally after 6 hours is prescribed.

In patients allergic to penicilline: vancomycin 1g IV over 20-30 min followed by gentamicin 120 mg iv just

before induction.

High-risk categories in dentistry

In the following conditions, prophylaxis is
essential (for patients in medium and high-risk
categories) (Table 4) (Figure 3):

Table 1. Endocarditishigh-risk interventionin
dentistry

Tooth extractions

Ablation of tartar

Surgical periodontal procedures
Operations involving bone
Implantology

Figure 3. Schematizationf treatments

First, it will be good to provide for reducing
inflammation and the infectious process through local
measures in the intervention site (improvement of oral
hygiene, rinsing and sulcular irrigation with
chlorhexidine) to reduce the extent of bacteremia. It
will then be essential to implement a prophylaxis
protocol in all those situations, as indicated by the
guidelines and mentioned above.*

Endocarditis is a serious condition resulting from
bacterial infections, and dental procedures have been
identified as a potential risk factor for developing this
condition. The current discussion will focus on the
evidence regarding the risk of endocarditis in
dentistry, the guidelines for antibiotic prophylaxis,
and the measures that can be taken to prevent this
condition.®%® Several studies have shown that
invasive dental procedures, such as tooth extractions
and periodontal surgery, can increase the risk of
bacterial entry into the bloodstream and the
subsequent development of infective endocarditis.
The risk is higher in individuals with pre-existing
heart conditions, prosthetic heart valves, and a history
of endocarditis. It is also important to note that certain
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oral bacteria, such as Streptococcus mutants and
Streptococcus sanguis, are associated with the
development of endocarditis. To address this concern,
the American Heart Association (AHA) has issued
guidelines for antibiotic prophylaxis before invasive
dental procedures. The guidelines recommend
antibiotic prophylaxis for patients at high risk of
endocarditis, including those with a history of
endocarditis, prosthetic heart valves, and congenital
heart disease with residual defects. Low-risk patients
do not require antibiotic prophylaxis. It is important to
note that these guidelines are regularly updated, and
clinicians should stay current with the latest
recommendations. In  addition to antibiotic
prophylaxis, good oral hygiene practices, regular
dental check-ups, and early treatment of any dental
infections are essential in reducing the risk of
endocarditis in dental patients. Dentists should also be
aware of the signs and symptoms of endocarditis, such
as fever, chills, and fatigue, and refer patients for
prompt medical attention if necessary. Dental
therapies often lead to bleeding, causing transient
bacteremia quantitatively proportional to the local
trauma and local inflammation; some bacteria
(streptococcus viridans, staphylococcus aureus) can
colonize the platelet vegetations on pre-existing valve
lesions. Approximately 20% of subacute endocarditis
seems to be associated with dental treatments, and in
most cases, the pathology appears within two weeks
of dental surgery. Despite the guidelines and
preventive measures, dental professionals still need
more consensus regarding antibiotic prophylaxis in
high-risk patients. Some argue that the potential risks
associated with antibiotic prophylaxis, such as allergic
reactions and the development of antibiotic resistance,
outweigh the benefits.®5! However, the current
evidence supports antibiotic prophylaxis in high-risk
patients, as it has been shown to reduce the incidence

of endocarditis.

In conclusion, the risk of endocarditis in dentistry
is a significant concern for certain high-risk patients.
The prevention of endocarditis can be achieved
through antibiotic prophylaxis, good oral hygiene
practices, regular dental check-ups, and early
treatment of any dental infections. Dental
professionals should know the guidelines and stay
updated with the latest recommendations to ensure the
best possible care for their patients. Further research
is needed to understand the risk of endocarditis in
dental patients and to develop more effective
preventive strategies.
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Pe3rome

Beenenne: DHIOKapIUT — 3TO TsoKenas MHQEKUMs BHYTPEHHEH 00ONOYKM cepila, BbI3bIBacMasi HECKOJIbKUMHU
TUNIaMU OaKTepui, B TOM 4Yrcie 0OUTaonMMHU BO pTy. CTOMATONIOTHYECKIE POIIEAYPHI CBSA3aHBI C O0JIee BHICOKUM
PHUCKOM pa3BUTHA YHJIOKAPAUTA Y YSI3BUMBIX JIIOJIEH.

Matepuansbl 1 MeToIbI: KOMIUIEKCHBIN TIOMCK TUTEPATYPhI OyIET MPOBOJUTHCS C UCTIONB30BAHHEM DJICKTPOHHBIX
0a3 nmansbiX, BKiouas PubMed, Embase u Cochrane Library. Tlouck Oymer orpaHuveH HCCIEIOBaHUSIMHU,
oIy OJIMKOBaHHBIMU Ha aHTIIMHCKOM s3bIKe ¢ siHBaps 2003 r. o sHBaps 2023 r. BynyT cnons30BaThCs cieayonme
KJTFOUEBBIE CJIOBA JUTS IOMCKA: «9HAOKAPIUTY, «MH(OEKIIMOHHBIN SHIOKAPIUTY, «CTOMATOIOTHYECKHE IPOLIEAYPBD»,
«CTOMATOJIOTUYECKas TIOMOLIBY», «TUTMEHA TIOJIOCTH PTa». aHTHOMOTUKONIPOPHIIAKTHKA» U «IIPOQUIIAKTHKAY.

B aT0i1 cTathe MBI paccMarpuBaeM JIaHHBIE O PUCKE JHIOKApJUTa B CTOMATOJIOTHH W Mepax, KOTOphIe MOKHO
HOPeANPUHATE JUIA ero mnpeporBpamieHus. COop 10Ka3aTeIbCTB: HCCIENOBAaHMSA MOKA3aJd, YTO WHBAa3HBHBIC
CTOMATOJIOTHUECKHE MPOLEAYpHl, TaKHEe KakK yJdaleHHe 3yO0OB M MapOJOHTAbHAs XUPYpPrHs, MOTYT BBI3BATh
nonaganue OaKkTephii B KPOBOTOK, YTO TNPHBOIUT K HH(EKIMOHHOMY SHIOKapAuTy. OmnpenesieHHbIE IIOAN
noJBepraioTcsi 0ojiee BBHICOKOMY PHCKY pa3BUTHS 3HIAOKApPAWTa, B TOM YHCJIE C paHee CYIIECTBOBABIIUMHU
3a00JIeBaHUSIMH CEP/LIA, MPOTE3aMH CEPACYHBIX KJIAMaHOB U SHAOKApAUTOM B aHamHe3e. O0o01eHne pakTuieckux
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NaHHbIX: UTOOBI CBECTH K MUHHMYMY PHUCK JHIOKapJHUTa y CTOMATOJNIOTHYECKHX NAIMEHTOB, AMeEpUKaHCKas
kapauonoruyeckas accorpanus (AHA) BbITycTHIa PEeKOMEHAAIMM MO HCIMOJIb30BAHHIO AHTHOWOTHKOB JIISI
MPOPHUIAKTHKY MTePe] THBA3UBHBIMHA CTOMATOJIOTHYSCKUMHU MTPOIICTyPaMHU, KOTOPhIE HCITOIb3YIOTCSI BO BCEM MUpE.
OTH PEeKOMEHJAIMM PEKOMEHAYIOT aHTHOMOTHKONPO(MUIAKTHKY MAaIlMEHTaM C BBICOKMM PHUCKOM JHJIOKapIuTa,
TOTJIa KaK MalMeHTaM ¢ HU3KUM PUCKOM aHTHOMOTUKONpodiIakTuKa He Tpedyercs. J[pyrue Mepbl, KOTOPbIE MOTYT
MOMOYb CHU3UTh PUCK DHJIOKAP/UTA Y CTOMATOJIOTMYSCKHUX MAIMEHTOB, BKIFOYAOT COOIIIOICHUE TIPABHI TUTHCHEI
MOJIOCTH PTa, PETYJSIPHBIC OCMOTPHI Y CTOMATOJIOTa U paHHEE JICYCHHUE JIFOOBIX CTOMATOIOTHUSCKUX UH(EKIIUH.
3axmouenune: KpaiiHe BaXHO pacro3HaBaTh MPU3HAKU M CHMIITOMBI SHIOKAP/NTA W HAIMPABIATH MAIEHTOB W3
IPYHIBI BEICOKOTO PHCKA 3a HEOTIOXKHOW MEAUIIMHCKOM TTOMOIIBIO, IOCKOJIBLKY PUCK Pa3BUTHUS STOTO COCTOSHUS B
CTOMATOJIOTHUH 3HAuMTeNeH. CTOMATONIOTM M MEIUIIMHCKHE PAO0OTHUKHU JOJDKHBI 3HaTh O (DakTopax pUCKa U
MPUHUMATH COOTBETCTBYIOIINE MEPHI /1T MUHUMU3AIMN PUCKA 3apXKCHHUS, BKIIIOUAsT aHTHOMOTUKOTPODUITAKTUKY
M COOJIFOJICHUE MPaBWJI TMTHCHBI MOJOCTH pTa. HeoOXOoAMMBI NaNbHEUIINE WCCIICAOBAHUS, YTOOBI MOHITH PHCK
SHAOKAPANTA Y CTOMATOJIOTHUECKUX MAlMEHTOB U pa3padoTarh A GeKTUBHBIC TPOPUITAKTUIECKUE CTPATETHH.
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Abstract
Background: The long-term maintenance of implants and the prostheses they support depends on many factors.
Specifically, the patient's biotype is important where the presence of a significant thickness of keratinized gingiva
should ensure the presence of a real biological seal, whose formation is also influenced by the healing screw. The
healing screws normally used are made of titanium; however, their cost induces the dentist to use them for improper
single use. The possibility of using materials other than titanium such as polytetrafluoroethylene (PTFE) for the
construction of healing screws can therefore be advantageous.
Objectives: The aim of this experimental clinical study is to test new PTFE healing screws by exploiting their
chemical-physical characteristics and undoubted economic advantages.
Materials and methods: 10 patients were taken into consideration and 2 implants were inserted in each. In each
patient in the second phase, a titanium healing screw and a PTFE healing screw were inserted. After 7 days, they
were removed to allow analysis under an electron microscope. Results: SEM analysis of the screws showed that the
PTFE surface has the ability to accumulate much less organic material than the titanium control screws.
Furthermore, PTFE healing screws have been shown to reduce the level of inflammation induced by reuse compared
to traditional healing screws.
Conclusions: the reduced cost of the PTFE screw, together with the intrinsic characteristics of the material,
represent promising characteristics, which can make their use advantageous in clinical practice.

Keywords:implants;biological width; PTFE healingscrew;titaniumhealingscrew.

success.® This phenomenon is influenced by a series
of factors on which research is continuing to focus,
examining the various aspects in depth in order to find
new strategies that make some phases no longer
dependent on the human factor.

The concept of osseointegration, whose
foundations were born during the 1960s thanks to
Branemark's studies,*? is a prerogative for implant
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The various facets of osseointegration can be
analyzed according to molecular and micro- and
macrostructural aspects.  Cellular  physiological
mechanisms are at the basis of this phenomenon*’
which can also be influenced by the geometric and
surface characteristics of the implant;®° by the bone
quality of the implant site;'? by the surgical
technique used®*® and by factors attributable to the
patient, such as post-surgery healing phenomena, any
comorbidities or the ability to scrupulously follow the
indications inthe post-operative period.t’

Implantology uses two different techniques: the
submerged technique, also called biphasic, and the
non-submerged technique, also called monophasic.

Using the submerged technique, two different
operating phases are distinguished. The first sees the
positioning of an implant inside the bone for its total
length, up to the head of the implant, and the whole
thing will be covered by mucosa. Subsequently the
bone, not loaded and with an implant which is
therefore supposed to be free of mobilization, will
heal. It is once again underlined that primary stability
plays a primary role in osseointegration. There is a
very interesting study that show how it could be obtain
a better and fast osteointegration using the magietic
static fields.'®?° In these studies the magnietic fields
can improve applied ion the screw of the implant can
improve the differentiation of the osteoblast and
increase the matrix around the implants. the Once
healing has occurred, we move on to the second phase
characterized, however, by the surgical exposure of
the implant to proceed with the incorporation of the
abutments in order to optimize prosthetic
rehabilitation.'®?2, In another studies Author show that
it could be right the use of photobiomodulation for
improve the bone healing.??? However the
mantainment of the bone around of the implant seems
to depend by the position of the implant respect to the
biological width.?* The advantages of this technique
are well documented by over twenty years of clinical
success, while the main disadvantages lie in the need
for two surgical stages and in the long intervals of time
during which the patient is forced to wear removable
prostheses.

The non-submerged technique consists in
positioning the implant with its exposure in the oral
cavity. Specifically, we will have a coronal portion of
the fixture which, emerging on the surface, creates a
transmucosal neck starting from the intraosseous

portion of the implant. This undoubtedly turns out to
be an enormous advantage, when compared to
biphasic, both for greater comfort for the patient, who
does not have to undergo surgery again, and for the
clinician.? Other benefits of this technique lie in the
possibility of positioning the implant platform above
the plane of the bone crest; in this way the micro-gap
present in the implant-pillar connection is no longer
placed below the bone plane, but rather above it.?

The disadvantages of this technique, however,
consist in the fact that there will be no guarantee of a
bone seal on the implant, therefore bacterial
colonization will be more likely responsible for a
probable implant failure. Scrupulous hygiene will
therefore be necessary to avoid the formation of gum
pockets and bone loss. Another disadvantage is the
greater transmucosal profile that occurs with
monophasic implants (which sometimes protrude
through the mucosa into the oral cavity for 3-5 mm),
which however represents a risk for the fixture to be
traumatized during the healing period. In fact, the
higher the healing screw, the greater the risk of
micromovement of the future abutment;?” this can
strongly influence the osseointegration process, and
consequently the success, of both transmucosal and
submerged implants subjected to immediate loading.

However, the authors have demonstrated that there
are no substantial differences in follow-ups between
the submerged and non-submerged systems.?®

The most recent clinical recommendations see the
monophasic approach as preferable, in accordance
with the advantages mentioned above. Despite this, it
is assumed that the biphasic strategy may be
preferable if there is no certainty of the primary
stability that the implant can achieve or one wishes to
resort to guided bone regeneration (GBR).?

The long-term maintenance of the implants and the
prosthesis they support depends on many factors,
including the phenotype of the patient's mucosal
tissue,® the material with which the prosthetic
abutment is constructed,® the duration of the second
phase, i.e. the number of times we are forced to
unscrew and re-tighten the healing screws, the crestal
or subcrestal position of the implant,?® the correct
function of the prosthesis.*?

As regards the patient's mucosa, the presence of a
significant thickness of keratinized gingiva should
ensure the presence of a real biological seal described
in 1998 by Kawahara and Hashimoto.>*® The
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biological seal represented by the peri-implant soft
tissues is essential for an adequate osseointegration
process and it is necessary that there is no bacterial
penetration through it. To have an adequate seal, the
junctional epithelium must adhere to the implant
surface in the absence of plaque, since it is only thanks
to this condition that the epithelial cells are able to
synthesize the proteoglycans necessary for the
attachment. 364

Numerous studies have evaluated the adhesion
capacity of the junctional epithelium to the titanium of
the implant and the concept of how epithelial cells,
both in culture and in vivo, have the ability to form a
hemidesmosomal basal lamina system with the
surface of titanium, creating an adhesion surface.*>46

The biological width of the peri-implant soft
tissues was extensively described in a study carried
out by Berglundh in 19964 which highlights how a
certain minimum biological width of the peri-implant
mucosa is always required and that bone resorption
can take place to allow the formation of an adequate
soft tissue attachment. Studies carried out by
Kawahara et al.*® made it possible to identify three
areas of the seal: the plaque area located in the most
superficial area of the implant fissure which represents
the growth site of the bacteria and corresponds to the
areas of the sulcular epithelium; the bare area where
epithelial adhesion is normally determined by a glue-
like mucous layer that covers the implant surface and,
finally, the deeper epithelial attachment area, where
we will find responsible epithelial cells in single file
in the implant/dental interface of adhesion via
hemidesmosomes. However, it is still not clear today
whether this area in which we have the biological seal
described by Kawahara is susceptible to increase or
reduction through maneuvers adopted by the dentist.
In particular, we know that hemidesmosomes,
however, prefer titanium and reject gold, as described
by Abrahamson and others in 1998 and this poses a
mandatory condition for choosing the abutment
material if we want to obtain the hemidesmosomal
seal: only titanium and no gold.

Furthermore, this band of hemidesmosomes will
be able to adhere to the titanium only if it is devoid of
the keratin layer that normally forms during the
maneuvers of unscrewing and re-tightening the
healing screws; this second condition requires us to
reduce the prosthetic steps to a minimum, avoid
contaminated healing screws that trigger epithelial

and therefore keratin inflammatory reactions and
ultimately forces us to peel the transmucosal tunnel
well described by Abrahamson’s group in 1998.%° The
stability of the prosthetic abutment and the accuracy is
very important for the absolutely reducing of bacteria
colonization.%°

These preliminary considerations make us
understand the absolute importance and delicacy of
the step in which the healing screws are involved. The
healing screws normally used are made of titanium
and should be disposable; however, clinical practice
teaches that the dentist is accustomed to sterilizing the
screws used at the end of the work, without, however,
proceeding with their decontamination first. The
residues and irregularities that inevitably form trigger
premature inflammatory processes and a harmful
production of keratin which effectively undermines
the possibility of the formation of the biological seal.
Precisely this accumulation of plaque triggers
inflammation of the soft tissues of the small
transmucosal passage, inevitably determining a
response of the epithelial cells which results in the
production of keratin on the surface. This layer thus
formed effectively prevents the hemidesmosomes
from coming into contact with the titanium of the
healing screw first and of the abutment afterwards,
thus resulting in the deepening of the Kawahara
plaque area (similar to sulcular epithelium) and the
notable reduction of the area active in the biological
seal, i.e. the area of cells in single file and devoid of
keratin.

The cost of titanium healing screws actually
induces the dentist to use them for non-improper
single use, as the original philosophy would dictate.
Reuse should include an absolute removal of debris
accumulated during their use in the mouth,
decontamination and subsequent re-sterilization.
Steps without which a new use could be the cause of a
possible trigger of inflammatory reactions.

The possibility therefore of using material other
than titanium for the construction of healing screws
can reduce the problems of possible desired
inflammatory reactions. A material widely used in
dentistry and characterized by not triggering
inflammatory  processes is tetrafluoroethylene
(PTFE). Vascular prostheses, heart valves,*” vascular
stents, sutures for general dental surgery are currently
produced with this material.*® For this reason it was
possible to create healing screws in PTFE as a material
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already used in the past, widely certified as the basis
of many products already on the market and CE
marked.

The aim of this clinical study is to compare, under
a scanning electron microscope (SEM), the intrinsic
adhesion characteristics of 2 different types of healing
screws: a traditional type in titanium and a new type
in molded polytetrafluoroethylene.

In this study, 10 male patients with ages ranging
between 36 and 67 years were taken into
consideration.

2 implants were inserted in each patient for a total
of 20 Biomet 3i implants with a diameter of 4
millimeters and variable length.

In each patient in the second phase, a titanium
healing screw supplied by the same company and a
PTFE healing screw produced by Super-charged
Production s.r.l. were inserted of the WHITE type.

After 7 days, assessments of the degree of healing
of the soft tissues were performed on each patient
using the method VAS to highlight the different
clinical behavior, and the differentiated measurement
of the bleeding index was then performed.
Subsequently, the titanium healing screws and the
WHITE screws were removed and replaced with new
ones, to allow scanning electron microscope (SEM)
analysis of the surfaces. Finally, a small biopsy was
performed to evaluate the expression of CD20 and
CD3 to evaluate the level of inflammation induced 15
days after 3 loosening and retightening.

Through the use of SEM, a morphological
investigation ~ was  conducted at  different
magnifications of the surfaces of the titanium and
PTFE screws.

SUPERCHARGED WHITE

Cover Screw Healing Screw

Figure 1a. Coverandhealingscrews

Figure 2b. PTFEHealing Screwsn vivo

1. SEManalysisbeforeusein the mouth

The surfaces of the healing screws (Figures 1A and
1B) after coating with gold powder, showed their
original texture, free of any organic marial. The PTFE
screw (Figures 2A and 2B) shows a surface
microstructure characterized by parallel reliefs of
materials (called nodes) connected by perpendicular
fibers (called fibrils).

The surface of the titanium screw shows a smooth
texture. The differences found are due to the different
nature of the material and the different manufacturing
procedures.

2. SEManalysisafter usein the mouth

Following their use in the oral cavity and
sterilization, the screws were analyzed again under
SEM. As can be seen from Figures 3A and 3b,
particularly in the higher magnification image (Figure
3C), the surface of the titanium healing screw shows
residues of organic material. The nature of the
material was confirmed by a spectroscopic analysis,
which identified a distribution of emission spectra
typical of organic material (“amorphous curve",
images not shown). The morphological analysis of the
PTFE screw did not show significant increases in
material deposited on the surface, as confirmed by the
spectroscopic analysis.

Contrary to the texture characteristics, the PTFE
screw, with a lower quantity of organic material,
confirms the excellent physical-chemical qualities of
the material in terms of anti-adhesion. This shows that
repeated clinical use of a titanium screw still presents
adherent residues which make it qualitatively
unsuitable for the use for which it was intended. The
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PTFE screw, ten times cheaper, with excellent of use as the titanium screw, is also preferable from an
chemical-physical properties, which has the same ease aesthetic point of view.

A

Figure 1A. TitaniumscrewBEFOREuse,thesurfaceappearsto be  Figure 1B. TitaniumscrewBEFOREuse,the surfaceappears
free of anyorganic material (23x) to befree of organic material (92x)

Figure 2A. PTFE screwBEFOREuse the surfaceis freeof organic  Figure 2B. PTFE screwBEFOREthe use the surfaceis free of
material (23x) organicmaterial (92x)

Figure 3A. TitaniumscrewAFTERuse thesurface  Figure 3B. TitaniumscrewAFTER Figure 3C. TitaniumscrewAFTER
appearsto be moderatelycontaminatedvith use,visible organic material (92x) use,organic materialvisible at high
organic material (23x) magnification(200x)

Figure 4A. PTFE screwAFTERuse,the surfaceis not Figure 4B. PTFE screwAFTERuse,the surfaceis not
contaminatedy organic material (23x) contaminatedy organic material (92x)

Meme L, Marchetti E, Belfioretti C, et al. SEM and In Vivo Study of Adhesion Characteristics of Titanium and
Polytetrafluoroethylene Surfaces Healing Screws. Bulletin of Stomatology and Maxillofacial Surgery2024;20(2):45-55.
doi:10.58240/1829006X-2024.2-45

49



SEM analysis of the screws showed that the PTFE
surface has the ability to accumulate much less
organic material than the titanium control screws. It
was also observed by immunohistochemical analysis
that CD3 and CD20 proteins, the levels of which
correlate with the presence of an inflammatory
infiltrate, varied in the biopsy samples. It is possible
to believe that a lower adhesion of organic residues on
the surface of the WHITE screws corresponds to a
smaller inflammatory infiltrate in the peri-implant oral
mucosa; the lower inflammatory response of the peri-
implant tissues would determine a reduced production
of keratin in the transmucosal route. It is interesting to
underline that to obtain the biological seal useful for
protecting the implant abutment system and capable
of keeping the inflammatory infiltrate away, it is
necessary for a hemidesmosomal attachment to form
towards the titanium of the abutment. But this seal
inevitably does not form when the epithelium reacts to
the inflammatory stimuli triggered by possible
residues present on the healing screws with a keratotic
reaction which in fact makes the exposure and
consequent attack of the integrins of the
hemidesmosomes unlikely. The White screws showed
good behavior in terms of soft tissue color (Vas scale)
which may suggest a poor or absent inflammatory
infiltrate.

It can therefore be concluded that the use of
WHITE healing screws compared to traditional
healing screws has shown that it can reduce the level
of inflammation induced by the reuse of titanium
screws. Although the use of titanium screws must be
disposable, daily clinical practice often does not
respect this principle, which is fundamental for
obtaining the biological seal and protection of the
implant-abutment system, essential for the long-term
maintenance of the artefacts implant-prosthetics. A
further advantage of the WHITE healing screws is
represented by the white colour, making them
particularly useful from an aesthetic point of view for
their use in the anterior sectors. In this way, in fact,
any unsightly problems caused by titanium screws are
overcome. The reduced cost of the WHITE screw,
together with the intrinsic characteristics of the
material they are made of, PTFE, represent promising
characteristics, which can make their use
advantageous in clinical practice.

It can therefore be concluded that the use of
WHITE healing screws compared to traditional
healing screws has shown that it can reduce the level
of inflammation induced by the reuse of titanium
SCrews.

Although the use of titanium screws must be
disposable, daily clinical practice often does not
respect this principle, which is fundamental for
obtaining the biological seal and protection of the
implant-abutment system, essential for the long-term
maintenance of the artefacts implant-prosthetics.

A further advantage of the WHITE healing screws
is represented by the possibility of being able to print
this type of healing screws with the shapes most
compliant with prosthetic trends in an extremely
economical way. In fact, the reduced cost of the screw
WHITE, together with the intrinsic characteristics of
the material they are made of, PTFE, represent
promising characteristics, which can make their use
advantageous in clinical practice.
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UQU6LEULE D LHA6ML QEFRINMrN) MSNFSWULENE UNUEYL ALNFGTALEND

Lniuhw Utd,! Eiiphyn Uwipltinh,? Yhwpw Adhnplinnh,! Wihuhn Uwipuibth,! Utipito Qphgn,*
Spubytiun Uwdyupdhtiph,! Swpphghn Auniphoih!

L Yhthyulwb ghnnipynibdtiph bk unndwwnninghugh wdphnt, Uwplth wnhunbtudhjuui hodwuwpad,
Uahntw, hunwhw

Yyuliph, wnnnouwyuwhnipjul, phuyuwhywbwlut ghwnnipynibbbph pudhl, L'Upyhpugh hwdwjuwpui,
L'Upyhpu, bunuhw

Withnthnid
Utipwdnypynih. biuyubnitiph b npuwbg odwbtinuiinn wpnptiqutinh tpiupunb vyuwuwpnudp uhjwo k
puwquwehy gnpontiitinhg: Uwubwnpuybtiu, hhwiinh phnnhwp juplinp £, npntin jipunhiugywo jankph
qquih hwunni pjud wnuynipnLip whwnp L wuyuwhnih hpujuit jabuwpuwbujubt johph wnuynipnibp, nph
altwynpiwt Yypw tnyhygbiu wgnnid kjinbkipp aiowgnpnn yyuninwiyp: Ungdnpupwp oquugnpdynn jantipp
dtiruynpnn wunimuwyadtipp unmpuumywd b mhnwbthg; Winwdtbuwybhy, npubtg wipdtipp ngpmnud E
wnwibwpnidhl ogumugnpoti npubip ny yuwmpw b dhjubquiiju ogquugnpdiwbh hwiwn: <mliwpuwip, juntipp
diiunpnn  wuonunwydtph Juonigdwt hwdwp  whwmwbhg  pwugh  wy nptp  oquwugnpdtn.
htiwpuynpnipyniip, ophtwl]” ynjhuntwpuwdumnptphitiop (PTFE) Junpnn E ywhwybin hiby:
Vywwnwlibtp. Wu hnpdwupupuuit Jhthjujut hbnwgnnnipyut tyumwyd t thnpawpyt) jintpp
dtiiuynpnn Gnp PTFE wumimuwydbp® oqumugnpdting npuibg phdhwjut-phghjujudt pinpugptpp b
wijuulud minbtivwud wnwytini pynLbtpn:
Uynptp b dbpnnitp. Lubwplyt) £ 10 hhduin W jnipupwbynipnid mbnunpyt) £ 2 pdypubtn: Gplypnpn
thnynud jnipwpwitynip hhqubinh dnn mbtnunpgt £ mhnmwbuwght jigtipp abivwgnpnn wumnimwl W PTFE
lintipp dtiuynpnn wyumninwl: 7 op htimn npuitip htinwgyly GO Lijupnbuhtt dwbpumhwmwih mul
Jtpniodnipinill pny] mugne hwdwp: Qpyniapbtp. Muninwyadtiph SEM Jtpnudnigyniap gnyg wmytg, np
PTFE Jwlbtptup Jupnn £ wn wytjh phy opquiuubt ymptp Ynimwll, pwl wmhunwbh  hulhy
wunnmumwitpp: Ytiht, myugnigyt) t, np PTFE jantipp abirwygnpnn wumnimwutpp iugbgbnid Gh ypyawyh
oquwugnpoiwld wpyniipnid wpwewgwd pnppnpiwl dwjupnuyp” hwibdwnwd wjubtnujuib jGnbpp
abirwynpnn wuninmwlitiph htan:
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COM U INVIVO HCCIEJOBAHUE AAT'E3NOHHBIX XAPAKTEPUCTUK TUTAHOBBIX U
MOJMTETPA®TOPITHJIIEHOBBIX IOBEPXHOCTEM 3AKUBJIAIONUX BUHTOB

JIrocust Meme,! Dupuko Mapkertu,” Kpspa Benspuopertn,! Aneccro Mapann,! Cepena I'pero,’
®pangecko Camnansmuepn,! @adpurmo bamounn?

1 Kagenpa KIMHMYECKUX HAYK ¥ CTOMATONOrHH, [lonmuTexHudecknii yausepcuteT Mapke, Aukona, UTamus

2 akynbTeT KU3HH, 3APaBOOXPAHEHUS U HayK 00 OKpyxkaromeil cpene, Yrusepcuter JI'Akynna, JI' Axyua,

Nranus

Pesrome
Beenenne: JlonrocpouHoe oOCITy>KUBaHHE UMIUIAHTATOB M IPOTE30B, KOTOPHIC OHM IMOJAEP)KUBAIOT, 3aBUCUT OT
MHOTHX (akTopoB. B wacTHOCTH, BakeH OMOTHII MALIEHTAa, I1€ HAJIMYKe 3HAYNTEIbHOMN TOJIINWHBI OPOTrOBEBILICH
JIECHBI JIOJDKHO 00ecIieunBaTh HAIMYKME HACTOSIICH OMOIOrHYecKoid miuoMObl, Ha GOPMUpPOBaHUE KOTOPOH TakkKe
BIMSET 3aKUBIAIOMMNA BUHT. OOBIYHO HCIIONB3yEMbIC 3aKUBJISIOLINE BUHTHI M3TOTOBJICHBI U3 THTAHA; OJHAKO MX
CTOMMOCTb NOOYKJJaeT CTOMATOJIOTa UCIIOJIL30BATh MX HE 10 Ha3HaueHHI0. [103TOMy BO3MOKHOCTh HCTIONBb30BaHHS
MaTepHajoB, OTIMYHBIX OT TUTAHA, TAKUX Kak nojurerpadTopsTiwieH ([ITDI), mis u3roToBneHNs 3aKUBISIOIINX
BUHTOB MOXET OBbITh BBITOZHOM.
Henab: Llenpio 7aHHOTO IKCIEPUMEHTATEHO-KIMHIYECKOTO NCCIIEIOBAHMS SIBIIIETCS UCIIBITAHNE HOBBIX PEMOHTHBIX
BUHTOB u3 [IT®D, wucrnonp3ys HX XUMHUKO-(QU3UUECKHE XapaKTEPUCTHKH M HECOMHEHHbIE 3KOHOMHYECKHUE
MIpEeNMYIIIECTBA.
Matepuansl U MeToAbI: paccMoTpeHo 10 manueHTOB, Ka)XJIOMy M3 KOTOPBIX YCTAHOBICHO 1O 2 MMIUIAHTATA.
Kaxnomy manueHTy Ha BTOPOM 3Tare ObUTH yCTAHOBJIEHBI TUTAHOBBIA BUHT M BUHT u3 IIT®DD. Uepes 7 aneil ux
YAAISIM 71 TPOBEACHUS aHaIM3a MO/ AJIEKTPOHHBIM MHUKpOCcKomoM. PeszynbraTel: COM-aHanu3 BUHTOB MOKa3al,
4t0 noBepxHocTh [ITDD obnanaeT ciocOOHOCTHIO HAKAIIMBATE TOPa3/10 MEHbILE OPraHUIECKUX MaTePHAaIOB, YeM
TUTAHOBBIE KOHTPOJIbHBIE BUHTHL. Kpome Toro, 0bu10 mokaszaHo, uro ¢ukcupytomue BUHTH 13 [ITDD cHmwxkaroT
YPOBEHB BOCIAJIEHNS, BBI3BAHHOTO MOBTOPHBIM HCIIOIB30BAaHUEM, IO CPABHEHHIO C TPAAUIIMOHHBIMHU 3alIUTHBIMU
BHHTaMH.
BoiBoabl: CHmxeHHasi cromMocTh BUHTOB U3 [ITDD BMecTe ¢ COOCTBEHHBIMH XapaKTEPUCTUKAMH MaTepuaia
MPEACTaBISIIOT CO00I MHOTOOOEIAIOIINE XapaKTEPUCTUKU, KOTOPbIE MOTYT CAEaTh UX UCIOIb30BaHUE BHITOAHBIM
B KJIMHUYECKOM MPaKTHKE.

Meme L, Marchetti E, Belfioretti C, et al. SEM and In Vivo Study of Adhesion Characteristics of Titanium and
Polytetrafluoroethylene Surfaces Healing Screws. Bulletin of Stomatology and Maxillofacial Surgery2024;20(2):45-55.
doi:10.58240/1829006X-2024.2-45

55



ROLE OF BONE KNITTING HERBS IN THE MANAGEMENT OF PERIODONTITIS
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Abstract

Periodontitis is a chronic inflammatory disease affecting supporting structures of teeth leading to bleeding gums,
soft tissue loss, mobility of teeth, and loss of a tooth. Periodontal disease is multifactorial in nature, the conventional
therapies such as plaque control methods, the use of antimicrobial agents, and various surgical approaches
demonstrated limited effectiveness in its management. Hence, the search for alternative therapies has been focused,
among which herbal products have gained importance owing to their inherent properties of antioxidant, anti-
inflammatory, anti-collagenase, stimulation of osteoblasts, and inhibition of osteoclasts, therefore, helping in the
formation of bone. The present review focuses on various types of herbs which are used in treating periodontal

disease.

Keywords:Periodontaldisease Herbs; Anti-oxidants;Freeradicals; Bacteria; Oxidativestress.

Periodontal disease is one of the most important
concerns for dentists and patients, can affect up to
90% of the world population, and are highly prevalent.
Gingivitis is the mild reversible form that can progress
into irreversible form i.e., periodontitis leading to loss
of supporting structures of the teeth.! It is recognized
as a major public health problem worldwide and is
considered the commonest cause of tooth mobility in
adults. Periodontal pathogens play a crucial role in the
aetiopathogenesis of periodontitis, contributing to

chronic and aggressive periodontitis. Porphyromonas
gingivalis and A. actinomycetemcomitans are
associated with resistance to standard treatments for
gum disease.?

Other major shreds of evidence are suggesting
oxidative stress plays a pivotal role in the initiation
and progression of periodontal disease. The severity
of periodontal disease was attributed to increased
levels of biomarkers for tissue damage induced by
reactive oxygen species (ROS).® Though many novel
treatments have been proposed for periodontitis and
gingivitis, ancient methods of using herbal medicines
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which are practiced by the Sumerians, the
Babylonians, and the Assyrians since ages have long
been used for various ailments in India. * Thus, the
focus of attention has revolved back to herbal
medicines owing to their wide spectrum of biological
and medicinal activities, lower costs, and higher safety
margin.®

Herbal medicines or finished herbal products
contain plants or plant materials with therapeutic
benefits as active ingredients. About 80% of the
population worldwide use herbal products for their
basic health care such as extracts, teas, and other
active principles because of their properties such as no
side effects and antibiotic resistance.®

Various anti-microbials and chemotherapeutic
agents, such as chlorhexidine, triclosan, and
cetylpyridinium chloride are being used as adjuncts to
eliminate the periodontal disease from the oral cavity.
7 But due to its multi-factorial etiology and complex
disease process, the treatment of periodontitis is still a
dilemma. As herbal medicines have antimicrobial,
antioxidant, antiseptic, anti-inflammatory, and anti-
collagenase effects, they are believed to cope with the
multi-factorial nature of periodontitis.®

Bone knitting herbs

Bone knitting herbs are the herbs that help in
stimulating the osteoblasts and inhibiting osteoclasts
to form bone.

Let us discuss in detail bone knitting herbs.

Triphala®
Triphala is a combination of three components in

equal parts of Amalaki (Emblica Officinalis), Haritaki
(Terminalia chebula), and Bahera (Terminalia
belerica). These three components are potent anti-
oxidants and have a wide range of pharmacological
activity.

Amalaki is an excellent source of vitamin C and
also contains phyllemblic acid, nicotinic acid,
carotene, D fructose, D-glucose, Empicol, riboflavin,
and mucic and Haritaki also contains vitamin C,
arachidonic, linoleic, oleic, palmitic, stearic acids,
anthraquinone glycoside, chebulinic acid, tannic acid,
and terchebin Bahera contains gallic acid, chebulagic
acid, ellagic acid, ethyl ester, galactose, glucose,
fructose, mannitol, and rhamnose.

Role of Triphala in Periodontitis
It is strong antimicrobial, antioxidant, and anti-
collagenase properties.

1 Anti-oxidant property: Protect the cells from free
radicals and reduce the oxidative burden. Bahera
followed by Amalaki and Haritakii is the most
active antioxidant.

M As a mouthwash: A clinical trial has shown that
Triphala mouthwash is as efficacious as 0.2%
chlorhexidine in  antiplaque and anti-
inflammatory activities when used for 1 week.

1 Anti-bacterial effect: 50 pg/ml Triphala
concentrations inhibited Streptococcus mutans
species.

1 Anti-plaque effect: Tannic acid causes protein
denaturation and ultimately bacterial cell death
and is well adsorbed on the surface of bacterial
cells.

1 Anti-collagenase effect: Inhibits collagenases
derived from polymorphonuclear leukocytes
which are responsible for connective tissue
destruction in periodontal disease.

Green tea

Camellia sinensis leaves which are minimally
oxidized make up green tea. Green tea is rich in
antioxidants called polyphenols which are classified
as catechins in teas.!* There are six primary catechin
compounds in green tea: Epicatechin, Catechin,
epigallocatechin, gallocatechin, epicatechin gallate
(ECG), and epigallocatechin gallate (EGCg). EGCg is
a very potent antioxidant. Green tea also contains
ascorbic acid, carotenoids, tocopherols, minerals such
as selenium, chromium, zinc, and certain
phytochemical compounds.?

Role of green tea in periodontitis

Catechins in green tea are more effective in
anaerobic bacteria like Porphyromonas gingivalis and
Prevotella spp which are the main etiological agents
in periodontitis. Some in-vitro studies have shown that
catechins showed their effectiveness, especially on
P.Gingivalis, Prevotella intermedia, and Prevotella
nigrescens by preventing the attachment of P.
Gingivalis onto human buccal epithelial cells. Few
studies have shown that some components such as
ECG and EGCg inhibited P. Gingivalis-derived
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collagenase activity.*?

Catechin present in green tea is highly potent in
suppressing bone resorption mediated by the
inflammatory response. In both in vitro and in vivo
conditions, EGCg reduced lipopolysaccharide-
mediated bone resorption in animal studies. It also
controls and reduces cyclooxygenase-1, RANKL, and
the cytokine PGE2 in animal osteoblasts.'!*?

Green tea has been used as a dentifrice and a local
drug delivery system in a few pilot studies which have
shown beneficial effects in periodontal disease. It is
also known to have anti-plaque efficacy as
chlorhexidine when used for 1 week.'?

Rubia Cordifolia

Ayurvedic medicine has employed the roots of this
plant. It also contains Alizarin, an organic chemical
that gives textile dyes their red color. A significant
component of R. cordifolia i.e., mollugin, has been
proven to have anti-inflammatory properties.
Mollugin decreased RANKL-induced osteoclast
development and bone-resorbing activity in mature
osteoclasts, according to a recent study.® Mollugin
inhibited the different genes associated with
osteoclastogeneses such as Osteoclast-associated
receptor, tartrate-resistant acid phosphatase, ICAM-1,
cathepsin K, DC-STAMP, and OC-STAMP and
reduced the phosphorylation of signaling pathways
activated in the early stages of osteoclast
differentiation, including MAPK, Apt, and GSKS3.
Few studies have shown significant restoration of
lipopolysaccharide-induced bone loss as indicated by
micro-computed tomography and histological
analysis of femurs. The same concept can be
employed in restoring the bone in periodontitis and
can be a boon to periodontics.t*

Piperine

It's a type of alkaloid found in plants like Piper
nigrum and Piper longum. It has been demonstrated to
have anti-inflammatory and antioxidant -effects.
Piperine treatment of LPS-stimulated mice resulted in
reduced nitrite levels and decreased TNF-a levels in
an animal model.*® Piperine's ability to scavenge free
radicals is supported by this research. Piperine
significantly reduced the generation of interleukin-1b,
MMP-8, and MMP-13 in a rat periodontitis model,
according to another study. In a dose-dependent way,

piperine prevented alveolar bone loss and repaired
trabecular microstructures. According to histological
staining, Piperine considerably reduced inflammation
infiltration in soft tissues.®

Sumac

Sumac, also called Rhus coriaria, has anti-
inflammatory, antibacterial, and antioxidant effects.
Sumac fruit extracts demonstrate significant
antioxidant activity against lipid peroxidation and free
radicals in vitro, making it a well-known spice.

In an experimental rat study of ligature-induced
periodontitis, serum total oxidant status (TOS) and
oxidative stress index (OSI) were significantly
reduced when sumac extracts were administered at a
dosage of 20 mg/kg/day. The total antioxidant status
of ligated rats' serum was comparable to that of non-
ligated rats. Sumac extracts have the potential to
reduce alveolar bone loss in rats with periodontal
disease by influencing TOS and OSI levels.!

Ginkbo Biloba

Ginkgo biloba (EGb) leaf extract contains ginkgo
flavone glycosides (24%), terpenoids (6%), and 5ppm
ginkgolic acid. It is said to have biological effects such
as free radical scavenging, lowering oxidative stress,
and anti-inflammation. In one study, systemic
administration of EGb (28-56 mg/kg/day) resulted in
lower osteoclastic counts, less inflammation, and
increased osteoblastic activity.®

Psidium Guajava

Because guava is high in Vitamin C, it has
excellent antioxidant properties (Ascorbic acid). It
also contains quercetin, carotenoids, and polyphenols,
which help to boost its antioxidant activity. Guava leaf
extracts and stem essential oil can scavenge hydrogen
peroxide, and superoxide anion, and inhibit the
formation of hydroxyl radicals. The root bark
decoction is recommended as a mouthwash, and the
leaves decoction is an effective gargle for bleeding
gums.®

Lythrum salicaria
Potent antioxidant properties; aqueous extracts
inhibited ROS production from stimulated neutrophils
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which were isolated and cultured from humans.®

Ascophyllum nodosum

A polyphenol-rich extract from A. nodosum
demonstrated significant anti-lipid peroxidation
activity and antioxidant activity by scavenging
superoxide anion, hydroxyl, and peroxyl radicals.?

Avocado oil, green tea extract, Aloe vera, green
tea, coenzyme Q10 (6% GingiNat)

Mouthwash containing micro-encapsulated natural
extracts has shown significant efficiency on the
plaque, gingivitis, and halitosis due to its antioxidant
and immuno-regulatory properties.*®

Acacia arabica

Pradeep et al. showed that a gel and powder
formulation  derived from  Acacia arabica
demonstrated a significant improvement in plaque and
gingival scores when compared to 1% chlorhexidine
in gingivitis patients.?

Cymbopogon citratus

Lemongrass, as it is commonly known, is a herbal
medicine known for its antiseptic, anti-emetic, anti-
rheumatic, analgesic, antispasmodic, and antipyretic
properties. It is especially effective against strains of
Actinomyces lundii and Porphyromonas gingivalis,
which are known to be resistant to a variety of modern
therapies. A recent study with 0.25 percent
lemongrass mouthwash demonstrated a significant
reduction in gingival and plaque index in study
subjects.??

Coriandrum sativum

It is a member of the Umbelliferae family and was
an important component of ancient Iranian medicinal
practices used to treat flatulence. In one recent Iranian
study, Coriandrum Sativum was combined with
Quercus brant ii in the form of an oral gel. Both
Coriandrum sativum and Quercus Brantii contained
tannins, which could reduce bacterial activity in the
periodontium and were thus used in the clinical study
as a combination.

Aloe barbadensis

Miller, also known as Aloe vera, has long been
used to treat skin ailments. A recent clinical study
found that intra-pocket placement of aloe vera gel
improved clinical factors such as plaque index,
probing pocket depth, and clinical attachment in type
2 diabetes mellitus patients.?*

Drynaria fortunei
The herb, Drynaria fortunei, is referred to in China
as GuSuiBu, literally meaning “mend broken bones.”

The major advantages of Drynaria include:

a) Inhibiting osteoclast function: Drynaria has been
shown to support healthy osteoclast function
without entirely halting it, as bisphosphonate
drugs do.

b) Stimulating osteoblast function: Drynaria has
been shown in multiple studies to stimulate
osteoblasts to produce more healthy bone tissue.

c) Osteogenesis (Mesenchymal stem cells): Drynaria
stimulates osteogenesis and provides bone with
new bone cells.

A study done in the dental department of a research
hospital in China used an electron microscope to
reveal that naringin, one of the active ingredients in
Drynaria, actively stimulates protein synthesis and
metabolism of human periodontal ligament cells.?

Morinda citrifolia (noni) fruit extract

Morinda citrifolia (noni) has been accounted as a
crucial herb for its significant medicinal implications
and has recently been added as a plant of interest in
the field of dentistry.

M.citrifolia acts on human periodontal ligament
cells by enhancing the differentiation and proliferation
of these cells and also by osteoblastic differentiation
of bone marrow-derived mesenchymal stem cells
(BMSCs).%®

Punica granatum

Pomegranate juice contains anthocyanins, glucose,
ascorbic acid, ellagic acid, gallic acid, caffeic acid,
catechin, epigallocatechin, quercetin, rutin, iron, and
amino acids possessing anti-atherosclerotic, anti-
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hypertensive, anti-aging and potent anti-oxidative
properties.?’

The major ingredient punicic acid is an excellent
anti-inflammatory compound with the property to
suppress prostaglandin production. The cold-pressed
pomegranate seed oil has inhibited both
cyclooxygenase and lipoxygenase enzymes in vitro.
The anti-inflammatory effect of pomegranate could be
due to its immuno-regulatory action on macrophages
and T and B-lymphocytes. Other Ellagic acids
inhibited NF-xB activation through a mechanism
independent of Ix-B (inhibitor of nuclear factor kappa
Bphosphorylation.?

Herbal medicines have been shown to have a wide
range  of  biological  properties, including
antimicrobial, antioxidant, and anti-inflammatory
properties. These herbs' natural phytochemicals help
suppress alveolar bone loss, a prominent feature of
periodontitis. Hence, the use of bone knitting herbs
can benefit a clinician and a patient without side
effects and resistance while helping in building the

lost bone in periodontally diseased areas. Further
research on various herbs which can help in bone
formation should be studied and implemented in the
daily oral health of the patient.
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MPUBOJIATIIEE K KPOBOTOUMBOCTH JIECEH, TIOTEPE MITKUX TKaHEH, MOJBIKHOCTH 3y0OB U mMoTepe 3y0a. 3a0oeBaHus
MapoIOHTA SIBIITFOTCS MHOTO(AKTOPHBIMHU T10 CBOEH MPHUPO/IC, TPAAUIIMOHHBIC METOIBI JICUCHUS, TAKHE KaK METO/IbI
KOHTpOJIA 3yOHOTO HajeTa, HWCIOJIb30BAHHWE IMPOTHBOMUKPOOHBIX MPENapaToB W PAa3IMYHBIE XHUPYPTUUIECKHE
MOAXOJIbI, TPOJESMOHCTPUPOBAIM OrpaHUYCHHYI d(dekTuBHOCTP B uX JeueHuH. CleloBaTebHO, ObLI
COCPEIOTOYCH MOUCK aJbTEPHATUBHBIX METOJIOB JICUCHHS, CPEIU KOTOPBIX PACTUTEILHBIC MPOIYKTHI MIPHOOpEIH
BaKHOE 3HAUEHHWE Ojaromaps MPHUCYIIUM UM aHTHOKCHIAHTHBIM, IPOTHBOBOCIIAUTENFHBIM, aHTUKOJIJIAr€HA3HBIM
CBOMCTBaM, CTUMYJISIIUKM OCTE00IaCTOB U MHTHOMPOBAHUIO OCTEOKIACTOB, YTO ITOMOTaeT B ()OPMUPOBAHUU KOCTb.
B mactosmem 00630pe OCHOBHOE BHHUMAaHHE YJENSIETCS Pa3INYHBIM BHAAM TpaB, KOTOPBIE HCIIONB3YIOTCS IMPH
JICYCHUH 3a00JICBaHUI TTApOJIOHTA.
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Abstract

Ultrasound in dentistry uses the transmission and reflection of acoustic energy. The propagated pulse and its
reflection are received both by the transducer (Ultrasonic probe). Clinically, transducers generate ultrasound, which
converts electrical energy into ultrasonic waves. Basic knowledge and other secondary effects of ultrasound are
essential for developing techniques of application. It has several applications in dentistry and periodontics and is
used to treat and maintain periodontal health. Periodontal ultrasonography provides a non-invasive diagnostic
method for measuring pocket depth and assessing periodontal health. Additionally, the low-intensity pulsed
ultrasound effectively evaluates periodontal healing and demonstrates the potential for periodontal regeneration.

Keywords:Ultrasonography(US); Periodontalultrasonicprobe; Peri-implantitis.

The development of ultrasonography (US)
equipment enabled the visualization of fine details of
the surface structures of the face and soft neck tissue.
Application of US in clinical dentistry has been
limited to the facial musculature, major salivary
glands, cervical lymph nodes, and surface soft tissues
of the face and neck. With the development of the
high-resolution US, equipment attempts have been
performed in dental imaging of periapical lesions and
temporomandibular joint disorders (TMD).!

In the periodontal examination, clinical assessment

and radiography are the current standard of diagnosis
but are time-consuming for the clinician,
uncomfortable for the patient, and subject to
significant errors in inter-operator variation in
probing. These diagnostic aids (clinical assessment
and radiography) may not capture all the required
clinical information (gingival thickness and
inflammation) in periodontology. The periodontal
diagnosis should provide information on probing
pocket depth (PPD, current periodontal health) and
clinical attachment level (CAL, cumulative
destruction) for early assessment of the disease.
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Radiography offers sensitivity to dental hard tissue
(bone, enamel, etc.) but cannot differentiate between
healthy and diseased gingiva to map the disease within
soft tissue. It also has a negligible dose of ionizing
radiation. The use of ultrasound imaging to resolve
dental and periodontal structures has the benefits of
being a non-invasive, portable, low-cost alternative to
radiography and free of ionizing radiation. It can
measure the thickness of the gingiva, which is difficult
to obtain with radiographic imaging modalities.>
Catena, in 1953 used ultrasound technology for the
first time in dentistry for cavity preparation. Zinner, in

1955 introduced the application of ultrasound in the
periodontal  procedure as ultrasonic  scalers.
Ultrasound offers great potential in developing a non-
invasive periodontal assessment tool that would offer
a great yield of real-time information regarding
clinical features such as pocket depth, attachment
level, tissue thickness, histological change, calculus,
bone morphology, and well as evaluation of tooth
structure for fracture cracks. Below table 1 enumerates
the introduction of the US in periodontology as a
diagnostic assessment tool.>®

Table 1: Ultrasonography introduction in Periodontology

Spranger,1971
periodontal patients.

First, try the US in periodontology to determine the height of the alveolar crest in

Paulo et al. 1987

Attempted imaging of the crest of alveolar bone by aiming ultrasound transducer
perpendicular to the long axis of the tooth.

Eger et al. 1996
a 5 MHz transducer.

Assessed the measurement of gingival thickness using an ultrasonic device with

Joseph Heyman, 1998

NASA.

Invented the periodontal structure mapping system using an ultrasonic probe at

9 Ultrasound waves do not pass-through air.

9 Difficulty in penetrating bone and can only see the
outer surface of bony structures.

1 The reflected portion of the beam produces the
ultrasonic image.

9 The principles of ultrasound imaging are based on
the sonar used by bats, ships at sea, and anglers
with fish detectors.

9 Echoes are produced as the sound passes through
the body. They can be used to identify the object's
distance, shape, and consistency.

9 Ultrasonography is a non-invasive and
inexpensive technique for real-time imaging of
superficial tissues.

9 Noionizing radiation is involved, and waves have
a constant velocity of ~1500 m/s in water. It is
similar to that in the soft tissue.’

9 The ultrasound device generates electrical
impulses  converted into  high-frequency
ultrasound waves by a transducer (it converts one

form of energy into another).

1 In the US, electric energy is converted to sonic
energy.

9 The main component of the transducer is the
piezoelectric crystal (lead zirconate titanium).

1 Sound waves are produced by a series of
vibrations in the crystal inside caused by the
electrical impulse from the transducer that is
transmitted to the body tissues being examined or
treated.

9 The sonic waves reflected towards the transducer
produce an electric signal which is amplified,
processed, and displayed as an image on a
monitor.

The therapeutic effects of the ultrasound are
attributed to its thermal and non-thermal properties,
producing a break in the pain cycle with increased
pain threshold, elevation in the cell membrane
permeability, elevated vascularity, and fluid
circulation.
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Thermal effects(Continuouswaveexposure):At
1-1.5 watts/cm2 intensities, vibrations caused by
sound waves create heat in the primary field.
Secondary effects from the heat produced include
increased blood flow to tissues, delivering essential
nutrients, and removing waste. This type of thermal
therapy is used in musculoskeletal conditions. It is
estimated that thermal effects can occur with elevated
tissue temperatures of 40-45°C for at least 5 minutes.
Usually, the thermal effect lasts for 5-10 minutes
following treatment. Excessive thermal effects with
high ultrasound intensities damage the tissues.

Non-thermal effects (Pulsed exposure): These
include acoustic streaming and cavitation. Acoustic
streaming is the unidirectional movement of fluid
along cell membranes caused by ultrasound or
mechanical pressure waves pushing fluid past these
structures. Cavitation refers to the mechanical
pressure waves within the biological fluid caused by
compression and subsequent decompression of
microscopic gas bubbles. The sound waves
propagated through the tissues produce a cycle of
compression and rarefaction of the exposed tissues.
The range of frequency used in therapeutic ultrasound
is 0.7-3.0 MHz, whereas, in diagnostic ultrasound, a
frequency of 1-20 MHz is used.®

Still images and cine loops

The real-time imaging modality ultrasound records
and stores two types of images, still images and cine
loops.
0  Still images

1 Refer to single 2D image frames.

9 These images give a snapshot of the field of

view.

U Cine loops

1 Refer to videos (a temporal collection of
consecutive still images).

9 Useful when a probe is either manually or
mechanically moved across a volumetric
region of interest when tracing or confirming
an anatomical structure.

The image types are saved in the Digital Imaging
and Communications in Medicine format by default or
other typical image and movie formats.

B-mode scan

B-Mode generates 2D image content which is
composed of grayscale pixels. The degree of pixel
"brightness” (hence the letter “B”) represents the
backscattered (received) ultrasound echo in a
particular axial or lateral location. B-mode images
allow visualization and quantification of spatial
relations, including soft and hard tissue boundaries,
tooth and implant structures, and also characterization
of soft tissues because of backscatter changes. The
probe width defines the lateral image dimension, and
the axial extent is defined by the selected image depth
of field.

Color flow scan

Ultrasound visualizes blood flow, overlaid onto the
B-mode display, which provides an anatomical
reference. Blood-flow direction and relative velocity
are imaged by selecting the color flow mode. Based
on the flow direction and velocity in a particular voxel,
shades of red and blue colors are assigned to image
pixels. In a regular ultrasound scanner operation, the
colors red and blue illustrate blood towards and away
from the transducer, respectively. In diagnosing peri-
implant diseases, using color flows to quantify visible
blood vessel density as a surrogate for the degree of
inflammation.

Color power scan

Color power scan displays the strength (intensity)
of the signal in a single-hue color, typically red, rather
than the speed and direction information. It is used
mainly for small vessels with low-velocity flow. The
signal obtained is quantifiable, and its increase
indicates  higher  blood volume  suggesting
inflammation. All three scanning modes, i.e., B-mode
alone, color and color power, are saved as “Still” or
“Cine” images.®

Periodontal ultrasonography

The standard method of diagnosing periodontal
disease (walking probe) is invasive, uncomfortable,
and inexact. The use of the US probe provides a
mapping system for noninvasively making and
recording differential measurements of the depth of
any periodontal ligament (PDL) relative to a fixed
point as a cementoenamel junction (CEJ). The
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mapping system used by ultrasound detects the top of
ligaments at various points around each tooth and uses
either ultrasound or an optical method to find CEJ at
the same points. The sulcus depth is usually calculated
as the difference between the points.°

Periodontal ultrasonic probe

The ultrasonography probe (US probe) provides a
non-invasive mapping system for making and
recording differential measurements of the depth of
periodontal ligaments relative to a fixed point (the
cementoenamel junction). The mapping system used
by ultrasound detects the top of ligaments at various
points around each tooth and uses either ultrasound or
an optical method to find the CEJ at the same points.
Thus, the depth of the sulcus is calculated as the
difference between these two points.*

It consists of a transducer housed within a contra-
angled handpiece at the base of a hollow conical tip.
This tip is responsible for emitting and receiving
sound waves. The hollow tip focuses the acoustic
beam into the periodontal tissue. The mounted
transducer is at the base of a dual taper, and a
convergent-divergent coupler provides an acoustically
tapered interface with a throat area of 0.5 mm. A throat
area of 1.5 mm represents an active area reduction
from the transducer element to the aperture. Such a
reduction is mandated by geometry and a tiny window
offered by the gingival margin. The small tip size of
the ultrasonic probe enables to examination
interdental area.

Equipment required to run the ultrasonic probe
includes a computer, keyboard, monitor, separate
electron box for water pressure control, and foot pedal
mounted onto a large cart for convenient transport.
The probe tip is incorporated with a bit of water flow
to ensure a good coupling of ultrasonic energy to
tissues. The water can come either from a suspended
IV-type sterile bag or plumb from a dental chair.

Working on the ultrasonic probe

The ultrasonic probe tip is held in a vertical
position, parallel to the long axis of the tooth. The tip
is placed gently on the gingival margin until slight
blanching of the gingiva is visualized, ensuring the
complete coupling of water into the gingival sulcus,
followed by activation of the probe with a foot pedal.
A small stream of water will flow into the sulcus and
a thin beam of ultrasound waves on activation. An
ultrasonic probe projects a narrow frequency (1-20

MHz) of the ultrasonic pulse into the gingival sulcus
or periodontal pocket and detects echoes of returning
waves. An ultrasonic beam entering the tissues is
absorbed, reflected, or scattered. The machine
receives the reflected portion and is used to
reconstruct the ultrasonic image. As these sound
waves bounce off periodontal tissues, echoes are
recorded by the transducer in the handpiece and
analyzed simultaneously by a computer attached to the
ultrasonic unit. The computer records the data as the
examiner passes the probe tip across the gingival
margin. It employs artificial intelligence algorithms to
translate data into estimates of probing depth in
millimeters.  Unlike manual probing, where
measurements are obtained at six sites per tooth, the
ultrasound probe tip is gently placed on the gingival
margin and then swept along the entire gingival area.
Thus, the ultrasound probe can capture a series of
observationpainlessly across the entire subgingival
area as the probe tip passes the gingival margin,
yielding more information.®

Periodontal assessmentAn ultrasonic scanner
working at 29 MHz assesses the dimensional
relationship between hard and soft structures. It is also
used to evaluate gingival thickness before and after
mucogingival therapy for root coverage and to
measure masticatory mucosa.

Calculus detection: Meissner et al. in 2005
reported that dental surfaces are discriminated by the
analysis of tip oscillations of an ultrasonic instrument
possessing computerized calculus detection features.

Removal of plaque or the biofilm: Use of
cavitation and acoustic micro-streaming effects of
ultrasound aid in removing the bacterial plaque. It is
also used for scaling in necrotizing ulcerative lesions
as it has a lavage action.

Removal of calculus: Ultrasound cavitation
liberates energy that can remove the deposits. Direct
contact between the vibrating tip and calculus is
required for effective calculus removal.

Removalof endotoxinand detoxification of root:
The endotoxins found in the radicular cementum or
dentine, saliva, and crevicular fluid are cell fragments
and toxic bacteria products. These are cytotoxic and
affect the host immune system. Removal of
contaminated dentine and diseased cementum is
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suggested for effective treatment. Superficial
endotoxins are associated with the cementum and
calculus and are easily removed by rinsing, brushing,
lightly scaling, or polishing the root surface.
Automatically generated heat from magneto strictive
units assists in endotoxin removal or detoxification.
Tooth areas where the tip does not touch are
inadvertently detoxified.

Curettage:Ultrasound tip is practical for debriding
the epithelial lining of periodontal pockets. A Morse
scaler-shaped or rod-shaped ultrasonic instrument is
used for this purpose. Ultrasonic instruments are as
effective as manual curettage.

Ultrasonic Cleaner: The cavitation effect
displaces the saturated layer of contaminant, allowing
fresh cleaning solvent to encounter the unsaturated
surface to attack and dissolve the remaining
contaminant. The ultrasonic Cleaner enhances the
effect of chemical reactions mainly because of the
high energy created by the high temperatures and
pressure emitted by millions of individual cavitation
bubble implosions. These are recommended as a part
of procedures carried out to prevent cross-infections.

Osseous surgery: Recently, ultrasonic bone-
cutting surgery has been introduced to alternative
conventional techniques. Piezosurgery® is an
innovative method that uses piezoelectric ultrasonic
vibrations to perform precise and safe osteotomies.
The precisely engineered surgical instrument used in
piezoelectric surgery is characterized by a surgical
power that is 3 times higher than regular ultrasonic
instruments. The characteristic feature of this
technique is that the cutting action occurs when the
tool is employed on the mineralized tissue but stops
when soft tissue is encountered. This technique is used
for pre-prosthetic surgery, sinus elevation procedure,
implant placement, and alveolar crest expansion.!

Application of US in implants is used for its
treatment phases. In the planning phase, the vital
structures and the soft and hard tissue biotypes are
identified by ultrasound. Further, the ridge width,
bone density, and cortical bone thickness are also
evaluated. The vital structures are identified in the
surgical phase, and primary stability can be indicated.
In the follow-up phase, evaluation of the crestal bone

level around implants and implant-bone stability can
be indicated. The three-dimensional planning of
implants and the crestal bone with overlying soft
tissue imaging can improve the predictability of the
anesthetic and functional emergence profile of
prosthetic restorations.?

The two forms of peri-implant diseases include
“peri-implant mucositis” and “peri-implantitis.” Peri-
implant mucositis is analogous to gingivitis,
characterized by soft tissue inflammation but not
progressive bone loss. It is reversible and can be
treated with non-surgical mechanical means, with or
without adjunctive chemical treatment. On the other
hand, peri-implantitis is like periodontitis, with
continuous bone loss after initial bone remodeling. It
is not reversible and requires surgical intervention to
treat bone loss. “Hard and soft tissue deficiency” of
peri-implant disease is not specifically defined and is
represented by reduced hard and soft tissue volume
surrounding an implant, which compromises implant
longevity without overt inflammation. Clinical and
two-dimensional (2D) radiographs are the primary
methods to diagnose peri-implant diseases and
conditions. Cone Beam Computed Tomography
(CBCT) has been used as a clinical cross-sectional
imaging tool during the past decade. It provides
clinically accurate hard tissue imaging. CBCT is used
judiciously due to its ionizing radiation, and the
American Academy of Oral and Maxillofacial
Radiology does not recommend the routine use of
CBCT for evaluating peri-implant health due to
radiation accumulation. Other disadvantages of CBCT
include higher cost, limited soft-tissue contrast, and
suboptimal imaging quality from interfering artifacts
created by metal objects. To overcome the above
limitations of CBCT, non-ionizing, real-time, and
low-cost US emerges as potential cross-sectional
imaging for peri-implant tissue evaluation. This US
involves acoustic waves with frequencies equal to or
above 20kHz, coupled and transmitted into the human
body. The resulting images are based on acoustic
waves scattered or reflected by the transmitter as they
encounter tissue interfaces.

Figures 1, 2, 3, and 4 represent the clinical and 2D
radiographic and ultrasonographic findings of Peri-
implant health, Peri-implant mucositis, Peri-
implantitis, and Peri-implant soft and hard tissue
deficiency.®
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Figure 1. Clinically healthy implant with no
signs of inflammationand minimal bone loss
found on the peri-apical film. Ultrasound
images depict mesial, mid-facial, and distal
sites. [crown (C), abutment(A), implant (1),
bone surface (B), interdental papilla (P),
crestalbone(CB),implantplatform(IP)]

Clinical 2D radiograph

Ultrasound

Figure 2. Implantwith peri-implantmucositis,
mucosalswelling,bleedingon probing (BOP),
and normal bonelevelin the peri-apical film.
Ultrasound imagesdepict mesial, mid-facial,
and distal sites with normal bone levels.
[abutment (A), bone (B), crown (C), crestal
bone(CB), implant (1), implant platform (IP),
mucosaM), papilla(P)]

Ultrasound

Figure 3. Implant with peri-implantitis.
Clinically presentwith signsof inflammation,
bleedingon probing,andapparentoonelosson
the mesial site on the peri-apical film.
Ultrasoundimagesshowboneloss.[abutment
(A), bone (B), crown (C), crestal bone (CB),
implant(l), implantplatform (IP), mucosgM),
papilla (P)]

Ultrasound
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Clinical

2D radiograph

Ultrasound

Figure 4. Implant with hard and soft tissue
deficiency Clinically, slightinflammationwith

somebonelossis seenon the peri-apical film.

Ultrasound imagesclearly showthin mucosa
and crestal bone,indicating tissuedeficiency.
Mid-facial view shows evident implant
exposure[abutment(A), bone(B), crown (C),

crestalbone(CB),implant(l), implantplatform

(IP), mucosaM), papilla (P)]

[Source of Figures 1-4: Chan H-L, Kripfgans OD. Ultrasonography for diagnosing peri-implant diseases and conditions: a
detailed scanning protocol and case demonstration. DentomaxillofacRadiol 2020; 49: 20190445]

1 Need for a medium for conduction of sound
conduction.

9 Inability to penetrate bone and a narrow field
view.

1 High-frequency ultrasound can image bone
surfaces but not inside the bone. Hence,
ultrasound is not intended to diagnose hard tissue
pathology or intraosseous structures.

1 Able to image a focused site in 2D but not the
entire jawbone.

9 As ultrasonic imaging is new to dentistry,
adapting to this technology requires a learning
curve.®

In the past few years, ultrasound in dentistry has
always diagnosed pathologies of the major salivary
glands and sialolithiasis. Ultrasound in clinical
periodontology is extremely useful in planning
periodontal surgeries. Studying the oral mucosa by
ultrasound provided exciting results for all the sites
analyzed, and ultrahigh-frequency ultrasound
(UHFUS) biomarkers were characterized. It also
evaluates the state of health or the possible
compromise in inflammatory processes through a

radiation-free examination.™®

Eger et al. in 1996 used a handheld ultrasonic
thickness measuring device for diagnosis in
implantology to determine gingival thickness
automatically ~ with  excellent  validity and
reproducibility.**

Hinders et al. 2005 improved the periodontal
probe diagnostic prototypes by developing the
wavelet fingerprinting technique and reported the
development of a new periodontal probe. In this new
prototype, the internal shape of the hollow probe tip
was optimized via a combination of computer
simulations and systematic experiments, and a
sequence of more practical clinical prototypes was
developed.t®

Tartanetal. in 2019evaluated the correlation and
accuracy of ultrasound and compared it with direct
CBCT in measuring periodontal dimensions. The
inter-rater correlation coefficient (ICC) showed no
statistical significance between ultrasound and CBCT.
And concluded that ultrasonic imaging is a valuable,
accurate, and real-time periodontal diagnostic method
without concerns about ionizing radiation.®

ThoneMuhlingetal. in 2021demonstrated the use
of ultrasonography with a high spatial resolution
probe in a series of cases with dental implants affected
by soft tissue recession and crestal bone loss. The
study reported that ultrasound images provided
valuable additional information for assessing peri-
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implant soft and hard tissue and in predicting the
crestal bone level and soft tissue dimensions at dental
implants, 1’8

C Mooreetal. in 2021used the high-frequency US
in healthy and periodontal disease subjects to assess
critical metrics in periodontal health, including
probing pocket depth, clinical attachment level,
gingival recession, and gingival thickness at mid-
buccal sites. The above assessment concluded that the
image-based alveolar bone level measurements were
equivalent to the clinical attachment level for staging
a periodontal disease.?

Fukukita et al. from Japan used a 20 MHz
ultrasonic probe coupled with rubber to create B-scan
images of the tooth-root surfaces and alveolar bone.*®

The initial use of a clinical ophthalmological
ultrasound instrument for the assessment of
ultrasound values in the measurement of periodontal
bone morphology has been introduced by Pauloetal.
They suggested a probe design that includes a fine tip
with 900 bends like a dental handpiece contra-angle
which would be suitable for use in the oral cavity.?

As a diagnostic aid, Power Doppler US
distinguishes normal from abnormal blood flow, as
reported by Hansen et al. in 2017. It is also valuable
for detecting pathological conditions or identifying an
undetectable  subclinical inflammation  before
detecting bone loss.?*

The volumetric blood-flow imaging derived from
the three-dimensional color flow is considered an
official biomarker of quantitative imaging biomarkers
alliance in periodontology.®

The technique of ultrasonography applied in
human subjects evaluated gingival thickness before
and after mucogingival therapy for root coverage. It is
also used to assess the dynamics of mucosal
dimensions after root coverage with connective tissue
grafts and bioresorbable barrier membranes.®

ULTRADERM® (Longport International Ltd,
Silchester, UK) ultrasonic scanner that works at the
frequency of 20MHz was used in an animal (pig jaw)

model and shown that periodontal ultrasonography
produces images suitable for the assessment of the
periodontium as well as accurate measurement of the
dimensional relationship between the hard and soft
structures.??

The use of Ultrasonography in dentistry is not new,
and it provides a painless real-time image of both the
hard and soft tissues. The non-ionizing and non-
invasive  characteristics  of  Ultrasonography
recommend its frequent use in a short time and are
significant in planning or performing a surgery.
Ultrasonography has been used for routine
prophylaxis and irrigation for many years during root
canal therapy. Their application in diagnosing and
treating periodontal and per-implantology diseases
reported promising results. Long-term studies are
required to apply them to practical applications.
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AOCTpaKT
YnbpTpa3ByK B CTOMATOJOTHH HCIONB3YET MEpeady W OTpaXCHHE aKyCTHYECKOW PHEeprud. PacmpocTpaHECHHBIH
UMITYJIC U €r0 OTPaKCHHE MPUHUMAIOTCA Kak TpeoOpa3oBarenieM (yIbTPa3ByKOBBIM JMaT4WKOM). KimHudecku
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JTATYNKA TEHEPHUPYIOT yIBTPa3BYK, KOTOPBIA MPeoOpa3yeT dJIEKTPUUECKYI0 SHEPTHIO B YIBTPA3BYKOBHIE BOJHBEI.
BbazoBeie 3HaHus u npyrue 1moOouHble 3(Q(EeKTh yabTpa3Byka HEOOXOIMMBI IS Pa3padOTKH METOJIOB €ro
npuMeneHusi. OH IMeeT HECKOJIBKO IPUMEHEHHH B CTOMATOJIOTHH U TIAPOJIOHTOIIOTUH U HCTIONIB3YETCS IS JICUSHHS
U TIOJAEP>KaHUS 3/I0POBbsI IAPOJIOHTA.

[Maponontonoruyeckoe Y3 mpencraisieT co00ii HEMHBA3UBHBIM METOA JUATHOCTHKU ISl U3MEPEHUS TITyOHHBI
KapMaHa W OILIEHKH COCTOSHHUS TapomoHTa. Kpome TOro, WMIyJIBCHBINA YIBTPa3ByK HHU3KOM WHTEHCHBHOCTH
3¢ GEKTHBHO OIICHUBAET 32)KUBJICHUE MTAPOAOHTA M JEMOHCTPUPYET MOTEHIIUAN €ro pereHepanyu.
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Abstract
Relevance: Physico-mechanical characteristics of the bone tissue of the jaws, in particular its density, determine
the efficacy of orthodontic interventions and are a determining parameter when calculating the forces acting on the
tissue via orthodontic appliances. Hounsfield X-ray attenuation scale (HU) was used to quantify density during
computed tomography.
The aim to analyze the X-ray density of bone tissue of the upper jaw in children with congenital unilateral cleft
lip and palate using the method of computed tomography of the skull.
Materials and methods: The subject of the analysis were measurement data of the X-ray density of bone tissues
of the upper jaw of 42 children in the areas that correspond to the maximum stress under the influence of
orthodontic appliances.
Results: It was clinically established that among all patients included in the study group, cases with left-sided
clefts quantitatively dominate over right-sided ones. The results of measurements in the younger age group at the
points of intersection of the compact plates of the floor of the maxillary sinus and the zygomatic alveolar ridge
(ZAS and ZAl) indicate that the density is 16.6% higher on the healthy side than on the cleft side; 17.6% higher
on the healthy side in the most concave points of the nasolabial buttress (NS and NI); and 14.9% higher on the
healthy side at the junction of the compact plate of the hump of the upper jaw and the sphenoid bone (TSS and
TSI). The zygomatic process of the upper jaw at the level of the zygomatic-maxillary suture (ZZS and ZZl1) is the
only site where the results on the healthy side and the cleft side did not show a statistically significant difference.

Filonenko V, Kaniura O, Kopchak A, Kiriienko Y. X-Ray Density of Bone Tissues of the Dentognathic Apparatus in
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In the older age group, a comparison of the averages of two independent samples at the NS and NI points revealed
a prevalence of density values by 12.1% on the healthy side. No statistically significant differences in
measurements were found at ZZS and ZZI, ZAS and ZAl, TSS and TSI points. At the same time, the average value
on the healthy side for the younger age group is 7.6% more than for the older one.

Conclusions: Determination of the X-ray density of bone tissue allows to distribute the magnitude of force impact
of orthodontic devices in the process of their activation and to obtain new data on the magnitude of external loads

on the jaw bones.

Keywords:densityof bonestructures;,computedomography;congenitalcleftlip andpalate; Hounsfieldscale.

Bone tissue is a dynamic open system, and the
processes of adaptive remodeling under different
states of regulatory systems and operating conditions
determine changes in its structure and properties.
Digital methods of visualization and computer
diagnostics are widely used for the study of bone
structures.® Its key tool is the analysis of data from
multispiral or cone-beam computed tomography (CT)
of the skull with subsequent 3D reconstruction of
images in the given range of X-ray density.>23%5

Studies of bone quality are essential when planning
surgical and orthodontic interventions. Different types
of bone have different ability to absorb X-rays. This
characteristic depends on the mineral saturation and is
directly proportional to the density.! To quantify the
density of bone structures during CT, an X-ray
attenuation scale, the Hounsfield (HU) scale, is used.
X-ray density cannot be considered as a constant
value. Depending on the type, bone tissues normally
have different densities.»>7-13

Various pathological conditions significantly
affect bone density indicators. Thus, it is known that
children with congenital cleft lip and palate (CLP)
develop pronounced structural and functional changes
in the facial bones, which are accompanied by changes
in their anatomy, architectonics, physico-mechanical
and biological properties. Almost 94% of them have
dentognathic deformations that require complex
treatment, including orthodontic support using various
types of orthodontic devices.'**® The physico-
mechanical characteristics of the bone tissue of the
jaws, in particular its density in various areas,!’-?
determine the efficacy of orthodontic interventions
and are the determining parameters when calculating
the forces acting on it from the side of orthodontic

devices. However, systematic studies of X-ray density
of bone tissue of the jaws in the specified category of
children according to CT data were not found in the
literature available to us.

The aim to analyze the X-ray density of bone tissue
of the upper jaw in children with congenital unilateral
cleft lip and palate using the method of computed
tomography of the skull.

The subject of the analysis was the measurement
data of the X-ray density of bone tissues of the upper
jaw of 42 children with unilateral CLP who underwent
orthodontic treatment at the age of 4.5 to 13 years
(average age 9.7+3.1 years). Surgical interventions to
close the defect of the hard palate were performed at
the age of 6 years, and bone plastic surgery of the
alveolar process was performed at the age of 12-13
years. When planning the stages of surgical treatment,
immediately before their implementation, all patients
who underwent orthodontic treatment and were
included in the study group underwent CT for the
purpose of morphometric assessment of bone
structures.

For a comparative analysis, taking into account the
age-specific features of bite formation depending on
the mixed dentition period, the younger (YAG) and
older (OAG) age groups were selected. The 19
children were enrolled to the YAG, and 23 children
were enrolled to the OAG.

Orientation of the tomographic sections was based
on the standardized protocol of CT studies of the facial
skull. A Planmeca ProMax 3DMid tomograph was
used (slice increment, 0.625; pixel size, 0.488; matrix,
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512 x 512 pixels).

X-ray bone density (XRBD) of the jaws of patients
with unilateral CLP was assessed in Hounsfield (HU)
units, based on the determination of X-ray attenuation
factors. For this purpose, the "Rectangle” tool of the
software for viewing DICOM "Horos" files was used.
Taking into account the individual morphological
features of the bones of the facial skeleton, the
component of the study was the measurement of
minimum and maximum indicators. The density was
determined in the areas that correspond to the
maximum stress under the influence of the orthodontic
appliances at the following points:

1 on the zygomatic process of the upper jaw

(processus zygomaticus), at the level of the

zygomatic-maxillary suture (sutura

zygomaticomaxillaris) — Zyg-Zyg (Sanitas)
healthy side, Zyg-Zyg (Infirmus) cleft side:

corresponding points ZZS and ZZI (Figure 1);

9 at the intersection of the compact plates of the
floor of the maxillary sinus (sinus maxillaris) and
zygomatic alveolar ridge (crista zygomatico-
alveolaris) — Zyg-Alv (Sanitas) healthy side, Zyg-
Alv (Infirmus) cleft side: corresponding points
ZAS and ZAl (Figure 2);

1 at the junction of the compact plate of the hump
of the upper jaw (tuber maxillae) and sphenoid
bone (os sphenoidale) — TS (Sanitas) healthy side,
TS (Infirmus) cleft side: corresponding points
TSS and TSI (Figure 3);

9 at the most concave point of the nasolabial
buttress (nasofrontal patronam) — N (Sanitas)
healthy side; N  (Infirmus) cleft side:
corresponding points NS and NI (Figure 4).

Figure 1. Determinationof XRBD on the zygomatic
processof the upperjaw at thelevel of the zygomatie
maxillary suture

Figure 2. Determinationof XRBDat the intersection
of thecompacplatesof thefloor of themaxillary sinus
andzygomatialveolarridge

Figure 3. Determinationof XRBD at the junction of
the compactplate of the humpof the upperjaw and
sphenoicbone
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The study inclusion criteria were as follows:
children with CLP, the age of orthodontic treatment
from 4.5 to 13 years without distribution by gender,
surgical interventions with the closure of a defect of
the hard palate at the age of 6 and bone plastic surgery
of the alveolar process at the age of 12-13, CT scan
before surgical interventions at 6 and 12-13 years old,
parental consent to participate in the study. Exclusion
criteria: lack of complete documentation of the case,
surgical interventions with closure of the hard palate
defect before or after 6 years, bone plasty of the
alveolar process before or after 12-13 years, CT scan
before surgical interventions before or after 6 and 12-
13 years, the presence of concomitant somatic
diseases associated with a bone tissue metabolism
disorder, mental disorders, a history of facial bone
fractures, the presence of tumors, tumor-like and
inflammatory processes that changed the bone
architectonics of the upper jaw, refusal of parents to
participate in the study.

Statistical analysis of the obtained data was carried
out using the specialized software MedStat v. 5.2
(Ukraine, Free Software License) and Jamovi v. 2.3
(The Jamovi Project (2023), GNU Affero General
Public License v3.0).

The distribution check for normality of all
guantitative data was carried out using the Shapiro-
Wilk test. Depending on the results of the test,
parametric criteria (in the case of acceptance of the
hypothesis on the distribution normality) or non-
parametric criteria (in the case of a difference of the
distribution from the normal) were used for further
analysis. To present the descriptive statistical
characteristics of measures of central tendency and
measures of dispersion of variational series of data, in
case of acceptance of the hypothesis on normality of
distribution, the data are given with an indication of
the value of the arithmetic mean (M) and the standard

Figure 4. Determinationof XRBDat themostconcave
point of the nasolabialbuttress

deviation (SD), i.e.: M £ SD. In case of rejecting the
hypothesis on normality of the distribution, the data
are presented with an indication of the value of the
median (Me), the interquartile range between the first
quartile (Q1, 25th percentile) and the third quartile
(Q3, 75th percentile), i.e. Me (Q1-Q3). Taking into
account considerations of expediency, in some cases
the minimum and maximum values of certain
characteristics of objects of statistical observation and
the 95% confidence interval (95% CI) are given.
Qualitative indicators are used as grouping features
with presentation in the form of acronyms.

To determine the statistical significance of
differences, in cases of comparison of two
independent groups of data against a normal
distribution, the Student's test was used, and in the
case of comparisons of three or more samples, the
Scheffe’s method of multiple comparisons was used.
Before conducting comparisons, the hypothesis of
equality of variances in the respective groups was
tested using Fisher's F-test (for a normal distribution
law) and the Kruskal-Wallis test (in the case of a
distribution difference from the normal).

Differences in the characteristics of objects of
statistical observation are considered statistically
significant at a significance level of p<0.05 (it is
assumed that the critical value of the level of statistical
significance is equal to 0.05).

It was clinically established that among all patients
included in the examination group (42), cases with
left-sided cleft (LSC) quantitatively dominate over
right-sided cleft (RSC). In total, LSC was detected in
33 children (79%) and RSC in 9 (12%). In total, LSC
was detected in 33 children (79%) and RSC in 9
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(12%). Out of 19 patients with YAG, LSCs were
observed in 15 (79%); out of 23 patients with OAG,
they were observed in 18 (78%). Further analysis did
not reveal statistically significant differences in the
average XRBD values of the maxillofacial apparatus
in LSC and RSC at 7 out of 8 measurement points. The

only exception was XRBD value at the ZAl point
(values for LSC are 24.8% higher than for RSC
(p=0.041)).

Descriptive statistics of the measurement results
for 19 YAG children with unilateral CLP in four pairs
of investigated points are shown in table 1.

Table 1. XRBDmeasuremerresultsin pairs of pointsZZSandZZI, ZASand ZAl, NSand NI, TSSand TSlwith
maximungradientsof equivalentstrainsin YAG(n=19)

Measurement XRBD, XRBD, XRBD, Difference in pair, %
points M + SD, HU Min-Max, HU 95% CI, HU (p<0.05)
ZZS 1126 + 213 713-1422 1023-1229 -
ZZI| 1189 + 237 820-1782 1074-1303
ZAS 1164 + 293 648-1665 1022-1305 16,6
ZAl 971 + 207 603-1289 871-1070
NS 1356 + 274 746-1741 1224-1489 17,6
NI 1118 + 207 778-1532 1018-1218
TSS 1083 + 262 653-1513 957-1210 14,9
TSI 922 + 220 518-1209 815-1028

Comparison of the averages of two independent

samples of the XRBD values in the YAG (n=19) at the
ZAS and ZAl points using the Student's test revealed
a difference at the significance level of p=0.025. The
XRBD value at the ZAS point, located on the healthy
side, was 16.6% higher than at the ZAl point on the
cleft side. XRBD values in YAG at NS and NI points
were statistically significantly different at the p=0.005
level. At the same time, XRBD at the NS point was
17.6% higher than at the NI point. The results of
XRBD measurements in the YAG at TSS and TSI
points were statistically significantly different at the
level of p=0.047. XRBD at the TSS point was 14.9%
higher than at the TSI point. However, a comparison
of the average XRBD values in YAG at ZZS and ZZI
points did not reveal a statistically significant
difference (p=0.395).

Figure 5 presents a diagram of the range of results
of XRBD measurements in YAG in HU units at four
pairs of points with maximum gradients of equivalent
strains.
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Figure 5. Diagramof therangeof the resultsof
the XRBDmeasurementdU) in YAG(n=19)in
pairs of pointsZZSandZZl, ZASand ZAl, NSand

NI, TSSand TSI

For 23 YAG children with CLP, the XRBD data of
the dentognathic apparatus, which were obtained
using computed tomography, were also analyzed.
Descriptive statistics of the results of XRBD
measurements in OAG at four pairs of points with
maximum gradients of equivalent strains are shown in
table 2.
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Table 2. XRBmeasuremenesultsin pairs of pointsZZSandZZ|, ZASand ZAl, NSand NI, TSSand TSlwith
maximunygradientsof equivalentstrainsin OAG (n=23)

Measurement XRBD, XRBD, XRBD, Difference in pair, %
points M + SD, HU Min-Max, HU 95% CI, HU (p<0.05)

Z7S 1123+280 723-1672 1001-1244 -

Y4 1046+249 531-1565 938-1153

ZAS 1055+279 626-1581 934-1175 -

ZAl 1053+322 546-1691 914-1192

NS 12214240 866-1617 1117-1325 12,1

NI 1073+£191 845-1455 990-1156

TSS 999+170 749-1346 925-1073 -

TSI 991+193 677-1359 907-1074

Comparison of the averages of two independent
samples of the YAG values in OAG (n=23) at NS and
NI points using the Student's test revealed a difference
at the significance level of p=0.026. At the same time,
XRBD at the NS point is 12.1% higher than at the NI
point. However, the comparison of the average XRBD
values in OAG did not reveal statistically significant
differences in the results of measurements in pairs of
points ZZS and ZZl (p=0.332), ZAS and ZAl
(p=0.984), as well as TSS and TSI (p=0.874). Figure
6 presents a diagram of the range of the results of
XRBD measurements in OAG in HU units in four
pairs of points with maximum gradients of equivalent
strains.
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Figure 6. Diagramof therangeof theresultsof
the XRBDmeasurement@U) in patientsof OAG
(n=23) in four pairs of pointsZZSand ZZI, ZASand
ZAl,NSandNI, TSSand TSI

In the groups of XRBD, measurement results in all
eight points: ZZS and ZZI, ZAS and ZAl, NS and NI,
TSSand TSI in YAG (n=19) and OAG (n=23) patients
with unilateral CLP there are sufficiently high
coefficients of variation of wvalues (VC
=SD/M*100%). The VC of XRBD varies from 17.1%
to 30.6% (95% CI 20.0-24.0). A pairwise comparison
of XRBD values at all eight control points in YAG and
OAG (eg, the value at the ZZS point in YAG against
the value at the ZZS point in OAG) did not reveal
statistically significant differences at any point, and
therefore did not demonstrate differences in the results
between the two different age groups.

An alternative approach to the XRBD comparison
in YAG and OAG made it possible to identify certain
significant trends. Under the conditions of availability
of the XRBD measurements data at ZZS, ZAS, NS,
TSS points on the healthy side and on the cleft side, it
is reasonable to calculate and further analyze the
average value (AV) of XRBD on each side, i.e. AV-S
and AV-1.

Accordingly, the average values of AV-S YAG
and AV-S OAG, as well as AV-1 YAG and AV-1 OAG
were calculated for YAG and OAG patients with
unilateral CLP. Descriptive statistics of the average
values of the XRBD measurement results AV-S YAG
and AV-S OAG, as well as AV-l1 YAG and AV-l1 OAG
by age groups are shown in table 2.
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Table 3. Statisticsof the averagevaluesof the XRBDmeasuremenesultsAV-SYAGand AV-S OAG,aswell as

AV-l YAGandAV-l OAGhby agegroups

Average values in XRBD, XRB, XRBD, 95% ClI, Difference in pair,
YAG and OAG M % SD, HU Min-Max, HU HU % (p<0.05)
AV-S YAG 1182+278 648-1741 1119-1246 7,6

AV-S OAG 1099+256 626-1672 1046-1152

AV-1 YAG 1050+240 518-1782 995-1104 -

AV-1 OAG 1041+243 531-1691 990-1091

A comparison of XRBD average values on the
healthy side for YAG and OAG, that is, AV-S YAG
and AV-S OAG, using the Student's test, revealed a
difference at the significance level of p=0.046. At the
same time, XRBD average value on the healthy side
was 7.6% higher for YAG than for OAG. However, a
comparison of XRB average values of the cleft side
for YAG and OAG, i.e., AV-l1 YAG and AV-1 OAG,
did not reveal a statistically significant difference
(p=0.811).

Figure 7 presents the diagram of the range of AV
results of XRBD measurements (in HU units) in YAG
and OAG: AV-S YAG and AV-S OAG, AV-l YAG
and AV-1 OAG.

-

1200 —f

1150

1100

1050

1000

T

=4

AV-S YAG

AV-S OAG

AV-IYAG

AV10AG

Figure 7. Diagramof therangeof AV resultsof
XRBDmeasurement@U) in YAGand OAG: AV-S
YAGandAV-SOAG,AV-l YAGandAV-I OAG

Applying

Scheffe's

method  of

multiple

comparisons revealed that the difference between the
mean AV-S YAG and AV-l YAG, as could be
predicted on the basis of the presented XRBD analysis
in YAG patients, is statistically significant (p=0.02).

Considering the importance of changes in the
structure of bone tissue that occur in the process of
adaptive remodeling,! determination of X-ray density
indicators in children with unilateral CLP using CT of
the skull with subsequent 3D reconstruction of
images?36 is an important diagnostic criterion in
planning surgical and orthodontic interventions.!

The use of the Hounsfield scale (HU)?713 allowed
to quantitatively assess the degree of morphological
changes in dentognathic deformations, which are
widespread among children of the younger and older
age groups with unilateral CLP,**® with changes in
anatomy, architectonics, physic-mechanical and
biological properties of the bone tissue on the healthy
side and on the cleft side.

The statistical significance of the difference in the
XRBD average values in the areas that correspond to
the maximum strain under the influence of orthodontic
appliances should be taken into account when
choosing their activation modes in order to prevent
complications and optimize treatment.*’-2°

The results of measurements in patients of the
younger age group at the points at the intersection of
the compact plates of the floor of the maxillary sinus
and the zygomatic alveolar ridge indicate that the X-
ray density of bone tissue is 16.6% higher on the
healthy side than at the points on the cleft side; 17.6%
higher on the healthy side in the most concave points
of the nasolabial buttress; and 14.9% higher on the
healthy side at the junction of the compact plate of the
hump of the upper jaw and the sphenoid bone. The
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zygomatic process of the upper jaw at the level of the
zygomatic-maxillary suture is the only site where the
results of the comparison of the average values of the
X-ray density of bone tissue on the healthy side and
the cleft side did not show a statistically significant
difference.

A comparison of the average of two independent
samples in the older age group at the points of the
nasolabial buttress revealed a 12.1% prevalence of X-
ray bone density values on the healthy side. A
comparison of the average values of X-ray density of
bone tissue in the older age group did not reveal
statistically significant differences in the results of
measurements in pairs of points on the buccal process
of the upper jaw at the level of the zygomatic-
maxillary suture, at the intersection of the compact
plates of the floor of the maxillary sinus and the
zygomatic alveolar ridge, as well as at the junction of
the compact plate of the hump of the upper jaw and
sphenoid bone.

The average value of X-ray density of bone tissue
on the healthy side for the younger age group was
7.6% higher than for the older age group. However, a
comparison of the average values of X-ray density of
bone tissue from the cleft side for the younger age
group and the older age group did not reveal a

statistically significant difference.

Determination of the X-ray density of bone tissue
allows to distribute the magnitude of force impact of
orthodontic devices in the process of their activation
and to obtain new data on the magnitude of external
loads on the jaw bones.
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Kanmumar mMenmuiuHCKHMX HAyK, IOIEHT, 3aMECTHTENh JeKaHa CTOMATOJOTHYeCKOro (akKylbTeTa, AOIEHT
Kadenpbl OPTOJOHTUH M MPOIEACBTHKH OPTONCINYCCKONW CTOMATOJOTHM, HaIMoHANBHBI METUITMHCKHIA
yHuBepcuTeT uMeHu boromoneua, Kues, Ykpanna

JIOKTOp MEIUIIMHCKUX HaykK, mpodeccop, MPOPEKTOp MO HAy4YHO-TIEAaroruueckoil u JiedeOHOM paboTe,
npodeccop kadeApsl MPOINEACBTUKH OPTOMOHTHM M OPTONEIWYCCKOW CTOMATOJOruM, HarmoHanbHbIH
MEIULUUHCKUM yHuBepcuteT uMeHu boromonsua, Kues, Ykpanna

JIOKTOp MEAMIIMHCKUX HaykK, mpodeccop, 3aBeayromuil Kadenpod YeTIOCTHO-TUIICBOW XUPYPTUU U
WHHOBallMOHHOW cToMaronoruu, HanuoHanbHBIA MEAMIMHCKUN YHHBEpCUTET MMeHH boromonsia, Kues,
Ykpauna

AcnupaHT Kadenpbsl OPTOJOHTHA M TPONCASBTUKH OPTOIEIUYECCKONH CTOMATOJNOTWH, HarroHaIbHbIH
MEIUUMHCKUM yHuBepcuteT uMenu boromonsua, Kues, Ykpanna

AOcTpakT
AKTyaJbHOCTb: OU3NKO-MEXaHUYECKNE XaPAKTEPUCTUKY KOCTHON TKaHH YEIIOCTEH, B YACTHOCTH €€ IIOTHOCTS,
orpeaensioT 3QQeKTHBHOCTh OPTOJOHTHUECKHX BMEIIATEIbCTB U SBIISIOTCS ONPEACISIONIMM TapaMeTpoM MpH
pacuere cuil, ICHCTBYIOIIMX HA TKAaHM IOCPEACTBOM OPTOMOHTHMUECKHX ammapaTtoB. lllkama ocnabnenus
penTreHoBckux syueir Xayncpuiama (HU) ucnosnb3oBanack Ui KOJIMYECTBEHHOW OIECHKU IUIOTHOCTH BO BpEMs
KOMITBIOTEPHOI TOMOrpaduu.
Heab: IlpoaHanu3upoBaTh PEHTTEHOJIOTMUYECKYI0 IUIOTHOCTh KOCTHOM TKAaHHM BEPXHEH YENIOCTH Yy JeTeil ¢
BPOXKJIEHHOH OJIHOCTOPOHHEW paclIeNMHON TryObl M Heba MEeTOJOM KOMITBIOTEPHOH ToMmorpaduu depera.
Matepuansl 1 MeToabl: [IpenmeTom aHamM3a MOCIYKHUIM JaHHBIE U3MEPEHUSI PEHTTEHOJIOTHUECKON TNIOTHOCTH
KOCTHBIX TKaHEH BepxHel uemocTd 42 neTeid B 30HAX, COOTBETCTBYIONIMX MAaKCHMAaJbHOW Harpy3ke IO
BO3/ICHCTBHEM OPTOJOHTUYECKUX alIapaToB.
PesyabraTel: KinnmHn4yeckr yCTaHOBICHO, YTO CPEAM BCEX MALMEHTOB, BKIIIOUYEHHBIX B OCHOBHYIO TPYIIILY, CIIy4aH C
JIEBOCTOPOHHUMH PaCIENMHAMH KOJIMYECTBEHHO NPE00IaIaloT Hal MPaBOCTOPOHHUMU. Pe3ynbTaThl H3MEpeHHi B
MITaJIIE BO3pacTHOM IPyNIE B TOYKAX MEPECeUCHHs KOMIIAKTHBIX IJIACTUHOK JHA BEPXHEUENIOCTHOM Ma3zyXu U
CKYJIOBOTO aJIbBeOJISIpHOTO 0TpocTKa (ZAS 1 ZAl) CBUACTENBCTBYIOT O TOM, YTO INIOTHOCTD Ha 3JI0POBOM CTOPOHE
Ha 16,6% BelIllIe, yeM Ha 3I0POBOM. paciiernHa COOKY; Ha 3I0pOBOI cTOpoHe Ha 17,6% BhIiie B HanOo0JIee BOTHY THIX
toukax Hocory6oHoro BeicTyma (NS u NI); 1 Ha 14,9% Bblie Ha 30pOBOI CTOPOHE B MECTE COCTHHEHHST KOMITAKTHOM
IUTACTHHKY TOpOa BepxHei yemrocTr U KimnHoBuAHOH KocTh (TSS u TSI). CKys10Boi OTPOCTOK BEPXHEN YEIFOCTH Ha
YPOBHE CKYJIOBO-BepXHeuetocTHOro 1mBa (ZAS u ZAl) — eAMHCTBEHHBIN y4acTOK, T Pe3yJIbTaThl Ha 3710POBOM
CTOPOHE U CTOPOHE pacLIeIMHbI He MMOKa3ajl CTATHCTUYECKH 3HAUMMOH pa3HUIBl. B crapiieil Bo3pacTHOH rpymie
CpaBHEHHE CPEJHUX 3HAYCHUH JIByX HE3aBUCHMBIX BHIOOPOK B Toukax NS u NI BeisiBHIO npeobiajanve 3HaYeHUH
wioTHocTH Ha 12,1% Ha 310poBo#i cTopoHe. CTaTUCTUUECKH 3HAUMMBIX Pa3inyiidl B U3MEPEHUSX B TOUKax ZZS u
ZZ1, ZAS u ZAl, TSS u TSI oOHapyxkeHO He ObuTO. [Ipu 3TOM CpeaHMit MMOKa3aTelb Ha 3J0POBOM CTOPOHE IS
MITaJIIIIei Bo3pacTHOM rpymiisl Ha 7,6% Oombiiie, 4eM sl cTapiiei.
BreiBoasl: OmpenenieHne peHTTEHOJIOTHYECKONW TUIOTHOCTH KOCTHOM TKaHU IO3BOJISIET PACHpPENENUTh BEIUYUHY
CHJIOBOTO BO3/ICHCTBHS OPTOJOHTUYECKUX allapaToB B IMpOIecce WX aKTHUBAIWHU W IMONYyYUTh HOBBIC JIAHHBIC O
BEJIMYMHE BHEIIHUX HATPY30K HA KOCTH YENIOCTH.
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Abstract
Background: Diabetes mellitus causes a number of complications in various regions of the body including the
oral cavity, the type and degree of which depends on the duration of the disease, its severity, and the age of the
patient.
Objective: The aim of this literature review was to summarize Oral manifestations in patients with diabetes
mellitus.
Methods: Search strategy was applied with the aim of identifying as many relevant publications as possible. Data
Sources four electronic databases were searched: PubMed, Scopus, Web of Science, and the Cochrane Central
Register of Controlled Trials.
The key words used for the search were Diabetes mellitus, Oral complications in Diabetes, Oral manifestations,
Periodontal disease, Xerostomia. Of the 146 studies identified, a total of 67 articles that met the inclusion criteria
for this systematic review were included.
Results: The results of a systematic review showed that oral manifestations and complications in patients with
diabetes mellitus are one of the main complications of diabetes mellitus. There is more evidence that chronic oral
complications in patients with diabetes negatively affect blood glucose control. Oral complications include many
complications that patients with diabetes suffer from, including caries teeth, painful gingival swelling, periodontal
disease and mobility of teeth, oral infections, salivary gland dysfunction, taste dysfunction, tongue abnormalities,
bad breath and lichen planus. Knowledge of the characteristic clinical changes in oral tissues caused by diabetes
mellitus helps medical professionals diagnose and treat diabetes.
Conclusion: Prevention and treatment of complications with aspects of the oral cavity, especially periodontal
disease, are important in patients with diabetes because of their possible adverse effects on glycemic control.
Restoring sugar metabolism by correcting insulin deficiency can control diabetes mellitus. Promoting for healthy
oral cavity for patients with diabetes mellitus is of paramount importance.

Keywords:Diabetesmellitus; Oral complications;Oral manifestationsPeriodontaldisease Xerostomia
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According to the World Health Organization
(WHO), diabetes is a chronic metabolic disease
characterized by high blood glucose levels, which
over time leads to damage to the heart, blood vessels,
eyes, kidneys and nerves. Diabetes mellitus is a severe
systemic disease leading to hyperglycemia that affects
a variety of organs and systems of the body, including
having a direct impact on oral health.!

Diabetes is broadly classified into Insulin
dependent Diabetes Mellitus (IDDM) and Non-Insulin
dependent diabetes mellitus (NIDDM), type 1
diabetes (T1DM) and type 2 diabetes (T2DM), Over
90% of diabetes mellitus cases are T2DM,5-10% are
type 1 DM (T1DM), and 1-2% are other forms of
DM.23

The first is called "juvenile™ diabetes, in which it
occurs at a young age and is mediated by autoimmune
destruction of insulin-producing pancreatic p-cells,
while the latter refers to cellular insulin resistance.*

Genetic and environmental factors play a role in
the development of diabetes mellitus. Decreased
secretion insulin, decreased glucose utilization or
increased gluconeogenesis ultimately lead to
hyperglycemia and pathological changes in organs
and tissues of the body.>®
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Figure 1. Pathogenesisf Typel DiabetesMellitus

According to the International Diabetes Federation
(IDF) the number of people with diabetes is likely to
reach 783.2 million by 2045.7#

Prolonged hyperglycemia in diabetes often results
in damage and/or dysfunction of multiple tissues and
organs, causing adverse disease outcomes that include
delayed wound healing, microvascular complications,
impaired response to infection, and impaired bone

metabolism and characterized by glycosuria, polyuria,
polyphagia, and polydipsia.®©

These manifestations of diabetes are also
expressed in the oral cavity, these manifestations
destroy the oral and dental structures. Oral
complications include many complications that
patients with diabetes suffer from, including
periodontal disease, caries teeth, oral infections,
salivary dysfunction, taste dysfunction, tongue
abnormalities, bad breath and lichen planus.'*

Patients with diabetes are susceptible to oral
infections and delayed wound healing. High level oral
glucose and immunodeficiency in uncontrolled
diabetes mellitus promote bacterial infections of the
oral cavity.??14

Complications that occur in the oral cavity with
diabetes mellitus arise as a result of dysfunction of
neutrophils, microangiopathy, neuropathy, decreased
collagen synthesis and decreased collagenase activity.
Delayed wound healing due to diabetes may be
associated with damage to small blood vessels and
weakened defenses against infections and
inflammations.*>1’

With diabetes, the nerves of the oral mucosa are
also affected, causing a burning sensation; with
neuropathy, the nerves of the taste buds change of
taste sensation.

Diabetes mellitus and complications on the sides of
the mouth are interconnected, and in conditions such
as periodontal disease, the relationship is
bidirectional .18-20

In diabetes, gingivitis may develop due to dry
mouth and insufficient antibacterial action of saliva.
Inflammatory periodontal disease is one of the six
most common complications of diabetes, along with
damage to the kidneys, nervous system and blood
vessels.?

Periodontal disease is a typical complication of
diabetes mellitus. Violation of the composition of the
microflora of the oral cavity with the activation of
pathogenic and destructive microorganisms for the
periodontium leads to its destruction and loss of the
periodontal junction.???3

Periodontal diseases, in turn, affect glycemic
control and the severity of diabetes mellitus. Due to
chronic infection in periodontal tissues, the body
constantly produces cytokines - substances whose task
is to ensure a balance between necessary and
pathological inflammation, as well as limit damage to
healthy tissue.?*
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Diabetes mellitus affects the prevalence and
incidence of disease periodontal formation of deep
pockets and loss of attachment are typical of
uncontrolled diabetes, and there is a high incidence of
periodontitis among patients with diabetes. Compared
with healthy people, the risk of alveolar bone loss is
11 times higher in uncontrolled diabetes. In patients
with  diabetes mellitus and periodontitis, a

F 3 \

Hyperglycemia

| AcE | —>

Insulin
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significantly higher level of local inflammatory
mediators such as TNFa, IL-1p, prostaglandin E 2,
which causes high osteoclast activity.? Release of
inflammatory  mediators into systemic blood
circulation, through which cytokines dysregulation
associated with diabetes may be exacerbated by
periodontal infection.

Periodontal Disease
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Figures 2. In patientswith diabetesnellitusand periodontitis,a significantlyhigherlevel of local inflammatory
mediatorssuchasT N F kit-1 BprostaglandinE 2, which causeshigh osteoclasactivity”

Hyperglycemia induces alterations in the oral
microbiome since poor glycemic control is associated
with increased levels and frequencies of periodontal
pathogens in the subgingival biofilm of patients with
diabet.?®

With any inflammation, capillary permeability
increases, which in turn leads to the entry of
inflammatory mediators, bacteria and their metabolic
products into the general blood circulation.

Control of oral infection in all patients with
diabetes should be considered not only as a dental
measure, but as an undoubted contribution to the
overall health of the body, and in particular the
improvement of glycemic control. In inflamed tissues,
the level of inflammatory mediators increases -
biologically active substances that cause and support
all inflammatory phenomena, but are associated with
tissue damage. Without adequate treatment of
periodontal disease, it is much more difficult to
control the course of diabetes mellitus. A vicious
circle is created when one disease mutually worsens
the course of the second.?’

An increase in glucose levels in saliva affects the
activity of microorganisms. Salivary glands of

micromethy reflects the entire microecosystem of the
oral cavity, and analysis of the salivary gland
microbiome can reflect changes in the oral
microbiome and the development of diabetes?®.

Compared to healthy individuals, patients with
diabetes mellitus show significant differences in
microbiota biodiversity oral cavity, such as a decrease
in bifidobacteria and an increase in streptococci and
lactobacilli.?®

Streptococcus mutans and Lactobacillus are
considered associated with dental caries and are the
most cariogenic bacteria, since they have the ability to
create an environment with low pH and progress
caries.*

Streptococcus mutans and Lactobacillus, found in
stimulated saliva are better at explaining caries
development than Streptococcus mutans and
Lactobacillus, found in dental plaque. For this reason,
to combined caries analysis teeth, salivary
components and bacterial pathogens in saliva is an
important method for tracking.®

Subsequent correlation analysis of differential
bacteria and clinical characteristics showed that oral
microbes are associated with drug treatment and
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certain  pathological changes, for example
Acinetobacter was positively associated with
metformin, while Haemophilus parainfluenzae was
positively associated with combination treatment.2

Insulin  deficiency in diabetes leads to
hyposalivation and increased glucose levels in saliva,
which increases the risk of developing caries. In
patients with diabetes mellitus there is a higher
prevalence of dental caries compared to healthy
people.®

The accumulation of microbial flora in dental
plaque causes demineralization and dental caries. In
patients with diabetes, decreased salivary flow
reduces clearing and buffering capacity, in addition to
decreased calcium levels, which contributes to tooth
decay. Reducing the amount of saliva also reduces
resistance to bacteria that cause caries. In addition, the
saliva of diabetic patients contains a high
concentration of glucose, which increases the amount
of fermentable carbohydrates for bacteria in the oral
cavity.®

In addition, patients with diabetes usually receive
a lot of medications, some of which cause dry mouth,
and this in turn leads to an imbalance in microflora.

Patients with diabetes are especially prone to
developing dental caries due to hyposalivation and
increased levels of glucose in saliva, which may be a
consequence of insulin deficiency.®

In people with diabetes, saliva loses its protective,
buffering, and cleansing function. Damage to
microvasculature leads to changes in the basement
membrane of the salivary glands.®®

Consequently, the leakage of glucose from the duct
cells increases, which leads to an increase in the level

~

Disease of Diabetes
ﬂPeridontium Mellitus

Dental

Caries
Growth of

Acidophilic
Bacteria,

Cariogenic
Bacteria

Decreased pH of
Saliva

Conversion of
Salivary Glucose to
Lactic Acid
Increased

of glucose in saliva and crevice space. As a result of
this change, activity decreases fibroblasts, which leads
to increased plaque formation. Glucose in saliva is
converted plaque into lactic acid, lowering the pH of
saliva.%

Growth is enhanced at such a low pH acid-forming
bacteria, and the proliferation of acidogenic bacteria
suppresses protective bacterias oral cavity. There is a
shift in the balance of the natural environment, which
favors bacteria, causing dental caries. This then lowers
the pH even further and the cycle continues to repeat.*

Saliva composition is an important determinant of
caries prevalence and oral cavity health. It maintains
the integrity of oral tissues, provides protection
against bacterial, fungal and viral infections and
controls the balance between demineralization and
remineralization in a cariogenic environment.
Salivary buffers stabilize the pH of dental plaque,
thereby preventing demineralization of the enamel. At
the same time, patients with diabetes complain of
dryness in the mouth and dysfunction of salivation,
which leads to a decrease in the rate of salivation and
buffer containers, and as a result thereby acidogenic
bacteria in saliva producing acid demineralizes the
inorganic part of the enamel to the risk of developing
caries and an increase in bacterial infections.

The glucose molecule diffuses easily through a
semipermeable membrane and is found in saliva,
especially when blood sugar levels are high. Other
explanations for the presence of glucose in saliva are
diabetic membranopathy, i.e. changes in the basement
membrane of the salivary glands, which leads to
glucose leakage into saliva.
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Figure 3. Viciouscycleof diabetesmellitusandformationof dentalcaries, periodontaldiseasé’
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Xerostomia is considered one of the most common
signs of DM and was the fifth most common oral
manifestation (after gingivitis, periodontitis, halitosis
and fissured tongue).

Fluctuations in glucose levels and poor circulation
lead to a decrease in saliva production, and
consequently to the development of xerostomia - dry
mouth.3*4° This, in turn, is one of the links in the
mechanism of development of diseases such as caries
and periodontal disease.

In diabetes, the dry surface of the oral mucosa
favors the penetration of Candida albicans, the patient
develops pseudomembranous candidiasis, chronic or

acute, multiple curdled white spots appear that can be
scraped off, the area becomes erythematous and
causes a burning sensation.*! Fungi such as Rhizopus,
Mucor, and Absidia affect the tissues and produce
ulceration.

It is also often seen in patients with diabetes
lichenoid reaction, glossitis, angular chelitis.
Lichenoid occurs more often in patients with type 1
diabetes than in type 2 diabetes because type 1
diabetes is considered an autoimmune disease and
lichenoid has an underlying  autoimmune
mechanism.*?

TABI.IE 1 oOral Manifestations of Type 2 Diabetes -

Xerostomia

Dental caries

Bacterial infections

Oral mucosa alterations: coated, fissured or

geographic tongue

Periodontitis
Fungal infections
Gingivitis
Dysgeusia

Oral lichen planus

Aspergillosis

Aphthous stomatitis
Poor wound healing
Burning mouth syndrome

Rhinocerebral mucormycosis (zygomycosis)

Impaired tooth eruption Benign parotid hypertrophy

Figure 4. Defeatteethandgingivitisin patientswith  Figure 5. Periodontaldiseasén patientswith diabetes
mellitus

diabeteamellitus

Figure 6. Oral stomatitisin
patientswith diabetesmellitus
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Figures 7, 8. Oral candidiasign patientswith diabetesmnellitus
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Figure 9. AngularCheilitisin
patientswith diabeteamellitus

Halitosis, or bad breath, is one of the early
symptoms of diabetes*. The risk of halitosis (bad
breath) increases with elevated levels of HbAlc.
Elevated levels of fatty acids and methyl nitrate in the
blood cause oxidative stress, which leads to bad
breath.

Tooth loss is very common among people with
diabetes.”**” According to the American Dental
Association, one in five cases of tooth loss is related
to diabetes. Increased tooth loss among patients with
diabetes is associated with the severity of periodontal
disease, which leads to the destruction of the alveolar
bone, leading to tooth extraction.*

Tooth loss results in difficulty chewing, difficulty
speaking, cosmetic problems, social interaction and
social isolation which worsens patients' health and
quality of life.484°

A good and balanced diet is part of the treatment
of patients with type 2 diabetes mellitus (DM). After
the loss of teeth in patients with diabetes mellitus, the
effectiveness of treatment with removable plate
prostheses is low, impaired ability to wear prosthesis
(which may be due to salivary gland dysfunction),
which leads to masticatory function disorder in this
group of patients and, it can lead to unfavorable
nutrition and metabolic disorders. The critical period
is the period immediately after tooth extraction;
therefore, immediate denture restoration is a rational
therapeutic choice for diabetic patients, allowing the
patient to improve nutrition.>%5!

The development of dental implants opens up new
opportunities in orthopedic rehabilitation of patients
with diabetes mellitus.5-%

Because of the high risk of implant complications,
in the past diabetes mellitus has made implant

Figure 10. Glossitisin patients
with diabetegmellitus

Figure 11.Lichenoidreaction
patientswith diabeteamellitus

placement a relative contraindication, as it delays
wound healing, increases the risk of infection, and
impairs bone metabolism.5>%7

The causes of implant failure in diabetic patients
are not fully understood, and the available literature
reports conflicting results. It has been hypothesized
that hyperglycemia disrupts the osseointegration
process in patients with type 2 diabetes, as decreased
bone formation has a detrimental effect on the bone
matrix and may have a significant impact on long-term
implant survival %64

Based on the above, it is very important to optimize
osseointegration in patients with type 2 diabetes.

Patients with type 2 diabetes require special
attention and responsibility of the doctor, because
dental interventions are usually accompanied by
various complications. The influence of these factors
can cause disruption of functional systems and
negative reactions. The analysis of the presented
problems, as well as the need for their solution,
substantiates the relevance of the present work.

Oral manifestations and complications in patients
with diabetes mellitus have recently been recognized
and recorded as a major complication of diabetes
mellitus. There is more and more evidence that
chronic oral complications in patients with diabetes
negatively affect blood glucose control.

Prevention and treatment of complications with
aspects of the oral cavity, especially periodontal
disease, are important in patients with diabetes
because of their possible adverse effects on glycemic
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control. Promoting a healthy oral cavity for patients
with diabetes mellitus is of paramount importance.
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BBenenue: CaxapHslii nuabeT BBI3BIBAET P OCIOKHEHHH B Pa3UYHBIX PErHOHaX OpraHM3Ma, B TOM YHCIE B
MOJIOCTH PTa, TUI U CTENIEHb KOTOPBIX 3aBUCAT OT JaBHOCTH 3a00JI€BaHUsl, €T0 TSHKECTH U Bo3pacTa OOJBHOTrO.
Hean: Llenpro nanHOTO 0030pa TUTEPATYPHI OBLIIO 000OIIUTE TPOSBICHUS B TTOJIOCTH PTa Y MAITUEHTOB C CaXapHbIM
Ma0eToM.

Metoabr: CrpaTerusi NOUCKa MpPHUMEHsUIaCh C LENbI0 BBUIBICHHS KaK MOXKHO OOJBIIEro KOJINYECTBa
COOTBETCTBYIOIINX HY6.HI/IKaHI/H7L UcTounukn JaHHBIX. brin IMPOU3BEACH IOUCK B YCTBIPEX DJICKTPOHHBIX 6a3ax
nanHbix: PubMed, Scopus, Web of Science u KokpeiHOBCKOM IIEHTpaJbHOM PErHCTPE KOHTPOIMPYEMBIX
nccnenoBannii. KirroueBsIMI CII0BaMU, HCTIOIB30BAHHBIME JIJIST TTOUCKA, ObUIH «CaxapHbIid quadeTy, «OCIOKHEHMS
B IOJIOCTH PTa Npu auadeTey, «[IposiBiieHus B moiaocTH pray, «[lapogonTtosy, «Kcepocromus». 13 146 BeIIBICHHBIX
WCCIIEIOBAaHNH B OOILEH CIIOKHOCTH OBIIO BKIIOYEHO 64 cTaTeil, KOTOphIe COOTBETCTBOBAIN KPUTEPHUSIM BKIFOUEHHS
B OTOT CHCTEMAaTHUCCKHUIA 0030p.

PesyabTaThl: PesynpTaTel cucTeMaTHdeckoro 0030pa IMoKas3ald, YTO OpajibHBIC MPOSBICHUS M OCIOKHEHUS Y
MAIMEHTOB C CaxapHbIM TUA0ETOM B IIOCIIEAHEE BpeMs PU3HAHBI U 3aPETUCTPUPOBAHBI KAK OCHOBHBIE OCTIOKHEHHS
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caxapHoro auaOera. [losiBisieTcss Bce OOJIbIIE JOKA3aTENBCTB TOTO, YTO XPOHUYECKUE OCIOXKHEHHS B POTOBOM
MOJIOCTH y TIAIIUCHTOB C JMa0ETOM OTPUIIATEIBHO BJIMSIOT HAa KOHTPOJIb YPOBHS TIIFOKO3bI B KPoBU. OCIOKHEHHS
MOJIOCTH PTa BKIFOYAIOT MHOXECTBO OCJIOKHEHHH, OT KOTOPBIX CTPAJaloT MAIMEHTH C TUA0ETOM, B TOM YHCIC
3a00JIeBaHuUs MApPOJIOHTA, Kapuec 3yOoB, MH(MEKIUU MOJOCTH PTa, AUCHYHKIUS CIIOHHBIX JKeNe3, TUC(YHKIUI0
BKyCa, aHOMAJIUU S3bIKa, HEMPUATHBIN 3allax M30 PTa U IJIOCKUIA JTHIIai.

3akaouenue: IlpodmakTuka W JiedeHHE OCIOKHEHHH CO CTOPOHBI IIOJIOCTH pTa, OCOOCHHO 3aboieBaHMit
MapojIOHTa, BAXXHBI y TAIMEHTOB C JUAa0CTOM H3-32 HMX BO3MOXXHOTO HEOJArompusATHOIO BO3IEHCTBHS Ha
TITIUKEMHYECKHi KOHTpob. CoJleiicTBUE 3I0pOBBIO TMOJNIOCTH pTa OOJBHBIX CaxapHbIM JUA0ETOM HMEET
MEPBOCTENICHHOE 3HAUCHHE.
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Abstract

The article presents a method of rehabilitation of a patient with partial secondary adentia in segment 3, complicated
by atrophy of the alveolar process. During the treatment, bone augmentation was performed using an individual bone
graft with simultaneous installation of dental implants, conditions were created for the formation of a soft-tissue
barrier, permanent orthopedic structures were made based on installed implants. Common types of bone grafting
according to Kuri and Urban are described.

A clinical case is presented: the initial situation, anamnesis, X-ray, CT scan. The logic of decision-making when
choosing treatment in a given clinical case is described, taking into account the individual characteristics of the
patient.
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The essence and features of the type of surgical intervention based on navigation implantation using the alveolar
bone reconstruction method are demonstrated. The advantages of using a single digital space are described. At the
preparatory stage, the patient's oral cavity is scanned, and a jaw model is obtained from the CBCT in STL format.
At the digital planning stage, bone block modeling, navigation pattern modeling and combining of these simulations
take place.

The programs "Diagnocat"”, "RealGuide", "PlastyCad" are described. At the surgical stage, dental implants are
installed according to a digital surgical template in a strictly planned position, simultaneously with the fixation of an
individual bone graft. At the second surgical stage, the installation of gum shapers with simultaneous soft tissue
plasty is carried out. The method of soft tissue plasty according to Kazanjan is described. The results of using this
method of treatment are presented and its effectiveness is demonstrated using such indicators as the height of new
bone tissue in the position of the installed implants, the height of the keratinized gum starting from the implant
platform and stabilization of dental implants using the ISQ MegaGen device 4 months after the operation.

The conclusion describes the impact of digital technologies on dental practice and the benefits of the treatment

protocol described in the article in the long term.

Keywords:dentalimplantation;bonegraft; softtissuebarrier; bonegrafting; digital protocol.

Currently, dental implantation is widespread in
surgical dentistry and is one of the mostoptimal
ways to restore the chewing function of the patient.*
The effectiveness of this treatment method is ensured
by the osseointegration of the implant and the creation
of a soft-tissue barrier in the area of its suprastructure.?
The main criterion for the success of implantological
treatment is the absence of resorption of the marginal
bone and, in some cases, even an increase in the
volumeof bone tissue in the area of the dental implant
platform, after the start of its functioning.®> However,
if a simultaneous implant placement has not occurred,
then the volume of bone tissue decreases over the
years and may become insufficient for dental
implantation. In this case, it is necessary to simulate
the lost bone textures due to bone grafting. There are
several ways to restore bone volume.

The most common bone grafts are Kuri and Urban.
For example,the "sausage technique” proposed by 1.
Urban serves to increase the horizontal volume of
bone tissue when usingosteocompensating material
and a resorbable membrane. The resulting
conglomerate is immobilized by pins and sutured.*
Vertical and horizontal augmentation of bone tissue is
possible using the technique described by F. Kuri,
which consists in increasing the volume of bone tissue
with the help of osteocompensating material.®

The framework for it is an autogenous material

from the area of the lower jaw branch. This technique
is suitable for horizontal and vertical bone volume
increase. Despite the effectiveness of the method,
there is a disadvantage, which is that the material
intake causes additional injury to the patient.

The purpose of this article is to demonstrate a new
method of dental implantation  performed
simultaneously with vertical and horizontal bone
augmentation and the creation of a soft-tissue barrier
in the transplanted area using a digital protocol.
Digital planning allows you to simulate in detail an
individual template and bone grafting for each clinical
case simultaneously, which maximizes the success of
dental implantation, reduces the time and invasiveness
of surgery and ensures the optimal orthopedic position
of the supporting structure.

Patient M. (48 years old) in May 2022 applied to
the Samara Dental Center "DAS Clinic" complaining
of discomfort in the lower jaw on the left in the area
of previously installed dental implants, which occurs
when chewing food. The patient was found to have no
general  somatic  pathology affecting bone
regeneration, mental illness or diseases of the central
nervous system. Exclusion criteria: allergic reactions
to the drugs used; anemia (hemoglobin <105 g/l for
womenand <115 g/l for men); pregnancy; oncological
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diseases. Contraindications to implantological
treatment have not been identified. Anamnesis of the
disease: 5 years ago, in another clinic, the patient had
implants in the position of missing 35, 36 teeth. At the
time of contacting DAS Clinic (Figure 1), signs of
disintegration were detected in the area of these

e
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’

Figure 1. Theinitial situation.Vestibular

projectionimplants3.5,3.6 were
prosthetics4 yearsago

A clinical examination revealed the absence of a
keratinized gum attachment zone in the periimplant
area of the third segment, which, according to the
literature and our own observations, is a significant
risk factor for the development of peri-implantitis.5®

In the area of these implants, bone resorption was
accompanied by gum recession with visualization of
the surface of their cervical part covered with plaque.
At the first moment, when palpation of soft tissues in
the area of implants, soreness was determined and
serous discharge appeared. It was decided to remove
zirconium restorations, remove dental implants and

Figure 3. Theinitial situationofthe  Figure 4. Softtissuedefectof the

implants. The X-ray showed a decrease in bone tissue
of the order of 4-5 mm in the area of the dental
implant platform installed in the position of the
missing 35 tooth and 3-4 mm in the area of the dental
implant platform installed in the position of the
missing 36 tooth (Figure 2).

\

-

Figure 2. Theinitial situation.X-ray of
dentalmplantsin positions3.5, 3.6

preserve holes to restore bone tissue. After 6 months,
a second CT scan was performed.

When analyzing the CBCT, a lack of bone volume
was found for the installation of dental implants
(Figure 3). The exit site of the inferior lunular nerve
significantly hampered the positioning of implants
and the performance of surgical manipulations aimed
at augmentation of bone tissue. The lack of bone
support led to the formation of a pronounced soft
tissue defect of the alveolar process, which was
accompanied by the absence of an attached
keratinized gum (Figures 4, 5).

Figure 5. Softtissuedefectof the

CBCT alveolarprocessTheabsencefan alveolarprocessTheabsencef an

attachedkeratinizedgum

In this regard, manipulations to create an attached
gum zone were included in the treatment plan, since it
isknown that one of the conditions for the formation
of a protective soft tissue barrier is the presence of a

attachedkeratinizedgum

strip of attached gum in the periimplant area with a
width of about 4 mm?°,

Taking into account the complexity of the clinical
task of achieving a highly aesthetic and functional
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result, the principles of applying a low-traumatic
approach to treatment, it was decided to perform
surgical intervention according to the protocol
specified in the patent based on navigation
implantation using the alveolar bone reconstruction
method.

The essence of the method is as follows: modeled
in a single digital space together with a navigation
template, an individual bone graft is manufactured
before surgery. Next, a bed for a dental implant is
formed. Then the bone block is fixed with dental
implants to the alveolar process, while pin fixation is
not required and, therefore, additional fixing elements
are not injured either during surgery or after healing,
since their removal is not required. Bone
augmentation occurs simultaneously with dental
implantation, which reduces the number of surgical
interventions.

All planning stages are performed in a single
coordinate system in digital space, which allows to
achieve minimal errors when comparing all elements:
a navigation template, a bone graft, dental implants
and an alveolar process, as well as to recreate surgery
taking into account the individual characteristics of
the patient, therefore, not to injure anatomically
important formations. The graft serves as a support,
as if a framework, for bone augmentation, forming
its additional volume.

The navigation template eliminates errors in the
preparation of the bed for dental implants. The use of
this approach makes it possible to achieve a successful
treatment result in one surgical intervention and is an
excellent alternative to multi-stage protocols for
increasing bone volume.

A treatment plan has been agreed with the patient,
consisting of the following stages: planning,
preparatory, surgical, orthopedic.

The planning stages

9 Oral cavity Scan (STL) (Figure 6);

1 Obtaining a model of the mandible from the
CBCT (STL) (Figure 7);

9 Bone block modeling (STL) (Figure 8, 9);

1 Modeling of the navigation template
(Dicom+STL) (Figure 10,11);

1 Modeling of the template and bone block in the
"plastycad" program (Figure 12). The surgical
stage;

9 Installation of two dental implants according to
a digital surgical template in a strictly;

9 Planned position, simultaneously with the fixation
of an individual bone graft (Figures 15, 21);

T Installation of gum shapers, soft tissue plastics to
increase the volume of the attached gum(Figures
24-27);

9 Orthopedic stage;

1 Manufacture of ZrO; designs.

The preparatorystage

In order to create a virtual model of the patient,
files obtained during oral cavity scanning (STL
format) (Figure 6) and files obtained during CBCT
(DICOM format) (Figure 7) were combined. A three-
dimensional model of the mandible (STL format) was
obtained using the "Diagnocat" program and a bone
graft was simulated (Figures 8, 9). Using the
"RealGuide" program, three-dimensional positioning
of implants and bone block was performed (Figures
10, 11). At the next stage,a surgical template was
modeled and technological holes were made in the
bone graft for dental implants in the "PlastyCad"
program (Figure 12).

Figure 6. Oral cavityscan
(STL) mandiblefromthe CBCT(STL) (STL)

Figure 7. Obtaininga modelof the

Figure 8. Boneblockmodeling
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Figure 9. Modelingof Figure 10. Navigation

theboneblock(STL)  templatemodeling(Dicom
+STL)
Further, an individual bone graft was

manufactured in the laboratory using CAD/CAM
technology, which is a lyophilized allogeneic bone
that undergoes sterilization by gamma radiation. In
parallel, the draft surgical guide template was printed
using a 3D printer. As a result of the preparatory work,
the following materials were obtained: a guiding
surgical template and an individual bone graft.

Before the surgical stage, the patient underwent a
test procedure. The list included: a general blood test,
a general urine test, a biochemical blood test,
including reactions to HIV, hepatitis and syphilis.

According to the results of the analyses, there were
no contraindications to the operation.

Clinical stagesSurgical stageNo. 1

Bone augmentation with simultaneous dental
implantation

| VRS
Figure 13. Cutdesign

Pre-installation of dental implants was performed
to eliminate angular divergence (Figure 17). This
manipulation serves to prevent possible fractures and
cracks in the bone block as a result of emerging

Figure 14.Visualization

of themandibularnerve navigationtemplateto the

Figure 11.Navigation
templatemodeling
(Dicom+STL)

Figure 12. Modelingof

thetemplateandbone

blockin the PlastyCad
program

Under local anesthesia, an incision was made in
soft tissues and vestibular and lingual mu-
coperiosteal flaps were formed. The incision is made
by a special design with an offset to the vestibular
side, to obtain a suture line in the projection of the
apex of the alveolar after fixation of the bone graft
(Figure 13). The bone defect is quite pronounced, the
output of the inferior lunular nerve is visualized
(Figure 14).

To prepare the bed, the R 2 Kit surgical kit was
used, which includes drills with a wide working part
designed to accurately position the implant in space
and a locking ring to control the depth of immersion.
The navigation template is made with a special design,
including a sleeve, respectively, for the wide part of
the drill and the locking ring (Figures 15,16). Using a
guide template fixed to the teeth of the lower jaw
(Figure 15), the preparation of the bed for implants
was performed (Figure 16).

Figure 16.Creatinga
bedfor dentalimplants

Figure 15. Fixationthe

teeth

internal stresses. Then the implants were removed
(Figure 18). The bone graft was positioned on the
alveolar process, the cortical plate of the alveolar
process was perforated for additional vascularization
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and secured with two dental implants followed by

fixation of plug screws (Figures 19, 20, 21, 22).

Figure 18. Anexampleof a crackin a
boneblockduring surgery

Figure 17.Pre-installation of
dentalimplantsto eliminate
angulardivergence

.I ‘ l A\
'.\ - " ] ‘ k

Figure 20. Perforationof
thecortical plate

dentalimplants

The bone block, having sufficient rigidity and
having a spongy structure, contributes to the formation
of the necessary volume of bone tissue. A bone graft
(Bio-Oss) was inserted into the spaces above the plug
screws formed as a result of the installation of dental
implants.

The patient was prescribed medication therapy.
During the healing process, preventive examinations,
X-ray examinations and professional oral hygiene
were carried out.

Surgical stageNo. 2

Installing the gum shaper with simultaneous
soft tissue plasty

Under local anesthesia, an incision was made in
soft tissues and a vestibular split and lingual full-layer

Figure 21. Installation of

Figure 19. Positioningof the
boneblockonthealveolar
process

I
Figure 22. Fixation of
theboneblockwith
dentalimplants

Figure 23. Theinitial
situationbeforeinstalling
of thegumshaper

flaps were formed. The incision is again made with a
special design with an offset to the vestibular side
(Figure 24). In this case, such an incision is needed to
combine the operation of installing gum shapers and
soft tissue plasty to increase the area of the attached
gum according to Kazanjan.'?> Next, the plug screws
were removed (Figure 26). Two star-shaped holes
were made in the lingual flap so that the gum shapers
passed through them and created the necessary
downforce to immobilize the flap. Then the gum
shapers were installed in the positions of the implants
3.5 and 3.6 (Figure 27). The free edge of the lingual
flap is fixed with sutures to the periosteum from the
vestibular side.

Itis important to note that at this stage, radiography
was performed to exclude pressure on the bone of the
gum shapers.
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Figure 24. Thedesignof
theincisionbefore
installing thegumshaper

coverscrews

After installing the gum shapers, a permanent
zirconium dioxide structure supported by implants
was fixed, made individually after scanning the

structuresupportedby implants,
vestibularprojection

In this clinical case, thanks to digital planning and
the production of an individual template, it was
possible:

M eliminate traumatization of
important structures during surgery;

9 ensure control of the depth of the implantation
bed,;

1 optimize orthopedic treatment on implants with
the distribution of chewing loads.

anatomically

The success of the clinical case is characterized by
a stable treatment result, as evidenced by the level of
bone tissue in the area of the dental implant platform
4 months after implantation. On the targeted X-ray
image, the height of the formed bone tissue in the
implant position is 3.5- 3.6 mm, in the implant

Figure 25. Dentalimplant

Figure 28. Fixation of a permanent Figure 29. Fixation of a permanent
structuresupportedby implants,
occlusalprojection

Figure 26.Removinghe

Figure 27.Installation of

coverscrews gumshapers

patient's oral cavity (Figures 28, 29). After 10 days, no
complaints were found at the control examination.

)

Figure 30. X-ray after surgery

position 3.6-3.4 mm. (Figure 30).

As a result of soft tissue plastic surgery to increase
the area of fixed keratinized gums, simultaneously
with the installation of gum shapers, it was possible to
create a soft-tissue barrier around the implants, which
significantly reduces the likelihood of infection in the
re-implant zone and increases the service life of
implants in the long-term prognosis. The height of the
keratinized gum, starting from the implant platform, is
3.5-3 mm in the implant position, 3.6-3.5 mm in the
implant position. (Figures 31, 32)

At the stage of manufacturing orthopedic
structures, the stabilization of dental implants was
checked using the 1SQ MegaGen device, which is
designed to determine the area of contactbetween the
implant and bone tissue. An indicator above 70 points
indicates a successful process of osseointegration
(Figures 33, 34)
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Figure 31.Formationofa Figure 32. Formationofa
stablesofttissuebuffer
zonearoundtheinstalled

stablesofttissuebuffer
zonearoundtheinstalled

implant3.5 implant3.6

Thanks to the development and introduction of
digital technologies into dental practice, practitioners
have the opportunity to minimally invasive achieve
highly aesthetic and functionally successful treatment
results.

Due to careful planning and high accuracy, it is
possible to carry out such rehabilitation in difficult
clinical conditions, taking into account the anatomical
characteristics of the patient. A bone graft made
exclusively for this patient has an increased area of
contact with the alveolar process, which is key to
achieving positive results of implantological treatment
in the long term.

In addition, the method of bone grafting in
combination with the simultaneous installation of
dental implants eliminates the need for multi-stage
surgical treatment protocols, which significantly
reduces the duration of rehabilitation, the number of
complications and the financial burden on the patient.
Of course, this has a positive effect on the patient's

Figure 3;3.Stabilization Figure 34. Stabilization

of theimplantin of theimplantin position
position3.5 3.6

satisfaction and quality of life.
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Pesrome
B crarbe mpezacraBieH MeTo] peaOWiIMTAlMK TalWMEHTa C YaCTHUYHOM BTOPUYHOW aJeHTHEed B 3 CErMeHTe,
OCIIOKHEHHOH aTpodueli albBeoIIPHOTO OTPOCTKA. B X0/e eueHns BBITOMHAIACH AyTMEHTAIM KOCTHOW TKaHH C
MPUMEHEHUEM WHIUBUAYAJbHOTO KOCTHOTO TpaHCIUIaHTaTa C OJHOMOMEHTHOM YCTaHOBKOM JIEHHTAJbHBIX
WMIUTIAaHTATOB, CO3AaBaJHCh YCIOBHS Uil ()OPMUPOBAHHS MATKOTKAaHOTO Oapbepa, W3rOTaBIMBAINCH MOCTOSHHEIC
OpTOINEANYECKHE KOHCTPYKIIMU C OITOPOM Ha YCTaHOBIICHHBIE MMITIAHTAThl. OMHUCHIBAIOTCS PaCIPOCTPAHEHHBIE BUIBI
KOCTHOU 1utactuku 1o Kypu u Ypoany.
[IpencraBnsiercs KIMHMYECKUI ciy4yail: MCXOJQHas cUTyanus, aHaMHe3, peHTreHorpamma, KJIKT. OnwuceiBaercs
JIOTUKA TPHUHATHS peUIeHHs NpU BBHIOOpE JeUeHUs B paMKax [JaHHOTO KIMHHUYECKOro ciy4yas € Y4eToM
WHIMBUAYaAIBHBIX OCOOCHHOCTEH marnmeHTa. JIeMOHCTPUPYIOTCS CYTh M OCOOCHHOCTH BHJAa XUPYPrHYECKOTO
BMEIIATEIbCTBA HA OCHOBE HABUTAIlMOHHOW MMIUTAHTALIMM C IPUMEHEHHEM METOAA PEKOHCTPYKLUH ANIbBEOJISIPHON
KocTH. ONHUCHIBAIOTCS IPEUMYIIECTBA HCIOIB30BaHUS €MHOTO NU(POBOrO MpocTpaHcTBa. Ha moaroroBuTesHOM
JTarne MNPOMCXOAUT CKaHUPOBAaHUE MOJOCTH pTa MalueHTa, nomydeHue mozenu yemoctu u3 KIJIIKT B ¢popmare STL.
Ha »rame nudpoBoro mnnaHUpoOBaHHS NPOUCXOMUT MOAEIMPOBAHHE KOCTHOTO OJOKa, MOJEIHpPOBaHHUE
HABUTAIIMOHHOTO InabjioHa W OOBEJUHEHHE O3TUX MOJENUPOBOK. OIMHUCHIBAIOTCS TNporpamMmbl  «JlumarHokary,
«RealGuide», «PlastyCad».
Ha xupypruueckoM dTarie oCymecTBISIETCS] yCTAaHOBKA JCHTAILHBIX HMIUTAHTATOB 110 TUPPOBOMY XHPYPTrUIECKOMY
m1aJIoHy B CTPOro 3alIaHUPOBAHHOM MOJOXXEHUHM, OJHOMOMEHTHO C (UKCAalUel WHIMBUAYaTbHOTO KOCTHOTO
TpaHCIUlaHaTtaTa. Ha BTOPOM XHMPYpPrHuecKOM »3Talle OCYLIECTBISIETCS yCTaHOBKa (hopMHUpoBaTeniell JecHBl C
OJTHOMOMEHTHOM TUTACTUKONW MSATKUX TKaHeW. OmMHCHIBaeTCsA CHOCcO0 IUIACTHKU MATKHX TKaHed mo Kazaxmkany.
[IpuBonsTCS pe3yabTaThl MCIOIB30BAHUS JAAHHOTO criocoba JIeUeHUs] U AEMOHCTpUpYyeTcs ero 3¢¢GeKTHBHOCTH C
MTOMOIIIBIO TAKUX MOKa3aTelNiell Kak BHICOTAa HOBOM KOCTHOW TKaHU B MO3UIIMH YCTAHOBJICHHBIX WMIUIAHTATOB, BHICOTA
KepaTHHU3MPOBAHHON NE€CHBI HAYMHAS OT IJIaT(OPMbBI MMITJIAHTATOB M CTAOMIM3AIUs IEHTAIBHBIX UMIUIAHTATOB C
nomorsio anmapata 1ISQ MegaGen uepes 4 mecsiia ¢ MOMEHTa OIIEPALIH.
B 3ak/r0ueHnn onuceIBacTCS BIUSHHEE ITH(QPOBBIX TEXHOJIOTHI HA CTOMATOJIOTHYECKYIO MPAKTHKY M MPEUMYIIeCTBa
ONHCAaHHOTO B CTaThe MPOTOKOJIA JIEUEHUS B IOJITOCPOUHON NMEPCIIEKTHBE.
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Abstract
Gingival fibromatosis is the uncontrolled growth of fibrous tissue in the gum and periodontal area. It can be hereditary
or acquired, and is progressive in nature. Gingival fibromatosis can partially or completely cover the teeth, causing
significant aesthetic, phonetic and chewing disorders requiring surgical correction.
The main symptoms of the pathology: partial or complete overgrowth of crowns in the area of fibromatosis; smooth
rounded edge of growths; increased density of hypertrophied tissues; an even pink tint of the gums and no bleeding.
The intensity of symptoms determines the stage of the disease. The difference is that if in a focal form only a single
lesion is formed, then in a generalized form several pathological areas merge with each other. Without treatment,
tissue proliferation will inevitably lead to the development of concomitant pathologies with the formation of
periodontal pockets, bone atrophy, loss of healthy teeth and impaired chewing function.
In this case report we discuss the case of a 33-year-old woman who presented with gingival overgrowth (gingival
fibromatosis). The diagnosis was based on clinical, radiological and pathohistological studies. For this case, an
external gingivotomy was performed under local anesthesia on the mandible. Healing took place under a special self-
adhesive membrane (Diplen Denta S (with solcoseryl), the patient was satisfied. The patient was warned about a
possible relapse and also instructed on hygiene measures.

Keywordsgingivalfibromatosishereditarygingivalfibromatosis gingivalhyperplasiajmmunechangeshereditary
predisposition.
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Gingival fibromatosis (GF) is a benign, rare and
heterogeneous group of diseases that develop as slowly
progressive local or diffuse enlargements within the
marginal and adjacent gingiva or interdental papilla.!
Gingival fibromatosis represents the fibrous
hyperplasia of the gingival tissue. Fibrous growth of
the gums, covering all or part of the teeth. In severe
cases, excess tissue can completely cover the crowns
of the teeth, leading to functional, aesthetic and
periodontal problems such as bone loss in the
interdental septa (interdental osteoporosis) and
bleeding due to the presence of false pockets and dental
plaque accumulation raid.?*

Causes of the disease gingival fibromatosis:

9 Genetic pathology - single gene mutations, some
forms of Down syndrome;

1 Long-term wuse of certain medications -
antiepileptic drugs, immunosuppressants;

9 Hormonal disorders — diseases of the endocrine
system, long-term use of hormonal contraceptives,
anabolic steroids, etc.

This affects both genders equally. Cases of
hereditary, drug-induced, and idiopathic gingival
overgrowth have been reported.

Histologically, gingival fibromatosis is
characterized by dense accumulation and expansion
connective tissue, with the presence of increased
number of cells, mainly fibroblasts.

Connective tissue consists of excess collagen and
contains relatively few fibroblasts and blood vessels.®’
Enlarged fibroblasts alternate with thin and thick
collagen fibrils.

Unlike normal gums, bundles of coarse and thin
dense collagen fibers are oriented in all directions.®

Excess gingival tissue can create pseudopockets of
niches for the growth of microorganisms, accumulation
of plaque, which leads to inflammatory infiltration of
the connective tissue of the gums.

The pathological manifestation of gingival
fibromatosis is excessive accumulation of extracellular
matrix proteins, the most striking example of which is
type | collagen.! A mutation in the "SOS-1" gene has
been proposed as one possible etiologic cause of
isolated  (nonsyndromic)  hereditary  gingival
fibromatosis, but given the heterogeneity of the
disease, mutations in other genes may also be involved.

In the current classification of periodontal diseases,
developed by Armitage in 1999, hereditary gingival

fibromatosis (HGF) is one of the categories of
genetically derived gingival lesions under gum
disease.’® The prevalence of this disease is low
(1/175,000 inhabitants), but several cases can be
observed in one family. HGF may occur alone or as
part of a syndrome.t*!2 It is an autosomal dominant
pattern of inheritance, although its penetrance and
severity vary. Indeed, in 20% of cases there is no
family history of this disease.’® Hereditary gingival
fibromatosis can occur as an isolated disease or as part
of a genetic syndrome. The main differential diagnosis
is drug-induced gingival hyperplasia; drugs mentioned
include phenytoin, cyclosporine and nifedipine.'*

Regarding the etiopathogenesis of HGF, the
mechanism leading to gingival enlargement is
unknown. The authors agreed that this increases the
proliferation of subepithelial fibroblasts and enhances
the synthesis of collagen and fibronectin and, at the
same time, reduces the activity of matrix
metalloproteinases (MMPs), responsible for collagen
degradation.t>18

In addition, there are gingival fibromatosis (GF) of
drug origin. Productive inflammation of the marginal
gums and interdental papillae is observed in patients
taking antiepileptic drugs, immunosuppressants, and
calcium channel blockers. Taking hormonal
contraceptives can also lead to thickening and
hypertrophy of the gingival margin. Scientists do not
rule out a relationship between gum fibromatosis and
endocrine  pathology. Generalized hypertrophic
changes also occur in Down syndrome. %20

Patients with gingival fibromatosis complain of the
growth of the gingival margin, the covering of the
crowns of the teeth with fibrous tissue, as a result of
which food intake is disrupted and the conditions
necessary for oral hygiene deteriorate.??® Soft plaque
accumulates under hypertrophied gums, which can
lead to demineralization of the enamel, the
development of caries and gingivitis. Patients with
gum fibromatosis have bad breath. With a long course
of the disease, the teeth acquire pathological mobility.

In the case of the development of total fibromatosis,
the alveolar process of the interdental septa is
destroyed, and the bone tissue is replaced by fibrous
growths. Clinically marginal, alveolar gums, gingival
papillae are pale pink in color, painless on palpation.
With gingival fibromatosis, diffuse or focal
compaction and proliferation of the gingival margin are
observed. The marginal gum can cover 1/3, 1/2, 2/3 of
the crown of the tooth. In this case, the productive
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process often develops from the vestibular side, but
cases of growth from the oral side are not uncommon.
Regional lymph nodes in patients with fibromatosis are
not palpable. The general condition is not disturbed.

The patient's treatment plan is based on the patient's
medical history (patient's age and presence of other
diseases) and the results of the clinical examination
(type and severity of overgrowth)

Management of patients diagnosed with HF
includes conservative treatment and surgical treatment.
Conservative treatment includes scaling and root
planning, oral hygiene instructions and the
administration of antibiotics (amoxicillin and
metronidazole), as well as pain medications. Surgical
treatment of GF includes external oblique
gingivectomy using a scalpel or laser, which reduces
the risk of bleeding and pain. operations rinsing the
mouth with 0.12% chlorhexidine solution twice a day
for 2 weeks, 242528

Performing surgery after the eruption of permanent
teeth reduces the incidence of relapse. Available
evidence suggests that recurrence can occur several
months to several years after surgery.

Patient, 33 years old, complains of gum growth,
aesthetic defects and pain when eating, accompanied
by bleeding. The configuration of the face has not
changed, fibromatous growth of the gums on the
vestibular side is determined, the gingival margin is
located at the level of the equators of the canine and
incisors. The mucous membrane of the gums is dense,
shiny, and does not change in color, does not bleed
when touched. Palpation of the gums is painless. An
intravenous  examination reveals  gingivitis,

characterized by inflammation and swelling of the gum
tissue in the area of the 12th tooth, as well as gum

Figure 2. Excesgumtissueis excised
to thelevelof physiologicalnorm

Figure 3. Biopsymaterialin
formaldehydesolution

recession in the area of the 11th tooth.

Figure 1. Preliminarydiagnosis:gingival
fibromatosis

Treatment plan and progress:

1) introduction of anesthesia - infiltration or
conduction
Infiltration anesthesia was performed, Sol.
Articaini with a dilution of adrenaline 1:100000 -
1.8 ml, placing the needle tip at an angle of 45
degrees at the junction of the gum mucosa and the
buccal mucosa (transitional fold); carefully insert
the needle to a depth of 2-3 mm, smooth
introduction of the drug into the tissue and careful
removal needles

2) excision of fibrous growths and preservation of

material for histological analysis;
Excision of gingival growth from the vestibular
side was performed. The resulting biopsy material
is stored in a formaldehyde solution for transfer to
the laboratory for the purpose of obtaining
histograms analysis.

3) antiseptic treatment of the wound and application
of a special membrane (Diplen Denta S (with
Solcoseryl)). The wound surface was treated with
a 0.06% chlorhexidine solution and a gingival
self-adhesive film with solcosperyl (Diplen Denta
S) was applied.

FigL]re 4. Thewoundsurfacegingival self
adhesivdilm with solcospery[(Diplen DentaS)
wasapplied
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Diplen Denta S (with solcoseryl) are the most
effective means for local antimicrobial and anti-
inflammatory therapy in the oral cavity. They are
applied directly to the affected area and have a direct
effect on the cause of the disease. The release of
medicinal components continues for several (6-8)
hours. The therapeutic effect is achieved quickly; after
several gluing sessions, acute inflammation is
eliminated, bleeding and suppuration stops, swelling is
relieved, and teeth are strengthened. Films - soft, thin,
transparent - adhere without any auxiliary means to
soft, hard, wound and burn surfaces of the oral cavity.
-0.06% chlorhexidine solution.

Histological analysis data
The histopathology of the lesion includes epithelial

hyperplasia with elongated reticulate ridges extending
into the underlying connective tissue. Multi-layered
flat epithelium with underlying fibrous connective
tissue was found on the sections of tissue samples.
Epithelial ortho- and parakeratosis, acanthosis, focal
hyperplasia, elongated and thinned epithelial ridges
(elongated mesh ridges) were detected. In the
peripheral region, the epithelium is ulcerated and
covered with bacterial colonies. In the underlying
connective tissue support, hyalinized wavy collagen
threads of different orientation, thin-walled vessels
with juicy endothelium were found. There are
moderately pronounced paravascular foci and scattered
predominantly  lymphoplasmacytic,  macrophage

infiltrates, hyaline spheres are also found in some fields
of vision.

Figure 5. HE 200xEpithelial hyperplasiaacanthosisnipple elongation thinning,areolar fibrosis,
inflammatoryinfiltrate is seen

Figure 6a. HE 200xHank'shyalinizedcollagen
fibrils with differentorientations paravascular

lymphoplasmacytimfiltrates

A repeat visit for the purpose of excision of the
remaining fibrous growths (see stage 1), monitoring
the regeneration process and reporting the results of the

Figure 6b. HE 400xHank'shyalinizedcollagen
fibrils with differentorientations paravascular

lymphoplasmacytimfiltrates

tests obtained.

Inspection of the postoperative surface: the
postoperative surface is without visible pathological
changes; the wound surface heals by primary intention.
The marginal gum is slightly hyperemic, there is no
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swelling. The level of location of the gingival margin
is within normal limits.

Figure 7. Clinical picture 2 weeksafter surgery

Final control of the gum regeneration process and
giving recommendations.

Inspection of the postparicion surface: the
gingival margin in the area of the lower jaw teeth has
clear boundaries close to the physiological norm.
Postoperative surface without visible pathological
changes.

RecommendationsThe patient was warned about
a possible relapse and also instructed on hygiene
measures.

This article describes a case of gingival overgrowth
(gingival fibromatosis). The diagnosis was based on
clinical, radiological and pathohistological studies. For
this case, an external gingivotomy was performed
under local anesthesia on the mandible. Healing took

place under a special self-adhesive membrane (Diplen
Denta S (with solcoseryl)), the patient was satisfied.
However, to establish the relationship between
pathologies, it is necessary to conduct a more in-depth
analysis, including immunological and genetic tests.
Future studies regarding the interactions between drugs
and the innate and adaptive immune responses are
needed to better understand the detailed molecular and
mechanistic pathways that control the unique
metabolism of gingival connective tissue. This will
improve the treatment of diseases and allow the
introduction of less invasive treatment methods into
everyday dental practice.
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KIMHHUYECKAS D9OPEKTUBHOCTD JIEUEHUA ®PUBPOMATO3A JECEH. OTYET O
KJIMHUYECKOM CJIYYAE

Jronmuna Tarunnsn,® Jlasap Ecasn,? Bragucnas TapaceHOK,3 Poman AnaBep,u;IH,3 Kapmen Caaxsn,*
Tasud Axonsn,® Banepuit Tatunusan®

Honent xkadenpbl TepameBTUYECKOW CTOMAToONOrMH EpeBaHCKOro TOCYAapCTBEHHOTO MEAMIIMHCKOTO
yHuBepcutera umeHu M. I'epaun, EpeBan, ApMeHus

[Ipodeccop, 3aBenyromuii kadeapoill TEepanmeBTHUSCKOW CTOMATONOrMH EpeBaHCKOrO T'oCyAapcTBEHHOTO
MEIUIMHCKOro YyHUBepcuTeTa uMeHu M. ['eparu, EpeBan, Apmenus

Opaunatop EpeBaHckuii rocy1apcTBEHHBIN MeTMITMHCKUH yHUBepcuTeT nMeHn M. ['eparu, Epesan, Apmenus
[Ipodeccop, 3aBemyrommii kader;/4npoit rHcTomormu M dMOpuosiorun EpeBaHCKOro rocyaapcTBEHHOTO
MEINIIMHCKOTO YHUBepcuTeTa nMeHu M. ['eparm, EpeBan, Apmenust

[IpemogaBarens kadeapbl TNATONOTHYECKOW aHATOMHW W KIWHWUYecKol Mopdomornn EpeBanckoro
roCy/IapCTBEHHOI0 MEIUIIMHCKOro yHUBepcuTeTa uMenu M. ['epanu, EpeBan, Apmenus

[Ipodeccop kademppl TepanmeBTHUECKOH CTOMATOJOTHH, EpeBaHCKHWA TOCYZapCTBEHHBINH MeIUIINMHCKUI
yHuBepcuteT uMeHu M. I'epaun, EpeBan, Apmenus

Pe3iome

dubpomarto3 AeceH — ITO HEKOHTPOIUPYEMBIN POCT PUOPO3HON TKAHH B 00JIACTU JieceH U mapojonta ®udpomatos
MOJXKET OBITh HACJIE/ICTBEHHBIM WJIH MPHOOPETEHHBIM, HOCHTD MPOTPECCUPYIOIIHA XapakTep U MOXKET YaCTHIHO HITU
MOJIHOCTBIO TOKPBIBAThH 3yObl, BBI3bIBAsI 3HAUUTEIILHBIC ACTETUYCCKHE, (DOHETUICCKUE M KEBATCIbHBIC HApPYIICHUS,
TpeOYIOIINE XUPYPTUUECKON KOPPEKIIHH.

OCHOBHBIE CHMITTOMBI TIATOJIOTUW: YACTUIHOE WIIM TIOJTHOE 3apacTanre GuOpo3 TKaHeH B 00IACTH KOPOHOK; POBHBIH
3aKpYTJIEHHBIH Kpali HApOCTOB; TOBBILIEHHAS TNIOTHOCTH THIIEPTPOPHUPOBAHHBIX TKAHEH; POBHBIN PO30BbIH OTTEHOK
JIECEH U OTCYTCTBHE KPOBOTOUMBOCTU. OTIMYHE COCTOUT B TOM, YTO €CIIA IIPHU 0YaroBoil popme popMupyercs JIHIb
CJAMHUYHBIA OYar, TO NMPH TeHEePaTU30BaHHOH (DOpME HECKOJIBKO MaTOJIOTMYECKUX YYaCTKOB CIMBAIOTCS APYL C
npyrom. be3 jeuenus paspacraHue TKaHedl HEM30€XKHO MPHUBEAST K PA3BUTHIO COIMYTCTBYIOIIMX IaTOJIOTHH,
o0Opa3oBaHHe TapOJOHTAIBHBIX KapMaHOB, aTpous KOCTEH, MoTeps 3J0pPOBBIX 3yOOB WM HapylleHHe (yHKIHH
JKeBaHUS.

B sToM knmmHMYeckoM oTdere MbI 00CykaaeM ciydail 33-JIeTHeH JKeHIIWHBI, Y KOTOpOi HaOmronaics pa3pacTaHue
neceH (huOpomaro3 geceH). JlmarHo3 ObLUT OCHOBaH Ha KIMHUYECKUX, PEHTI€HOJIIOTHYECKIX U MATOTUCTOIOTHYECKUX
HCCleIoBaHusX. B 3TOM cilydae moJi MECTHOM aHecTe3Hel Oblja BBINOJHEHA Hapy)KHas TMHTMBOTOMHMS HA HIDKHEH
YeNoCTH. 3aKWBJICHHE TPOXOJWIO IO CIENUANBHON camokiesmierics meMmOpanoit ([Jurmen [lenta C (c
COJIKOCEPHIJIOM), TAIMEeHTKAa OCTajlach JOBOJbHA. BONBHYIO Mpeaynpemaryii O BO3MOXKHOM PEIHINBE, a TaKKe
MIPOUHCTPYKTUPOBAIIA O MEPAX TMTUECHBI.
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Abstract
Objective: The purpose of this prospective case series was to evaluate the clinical results of immediate implant
loading using three-dimensional surgical planning software.
Materials and methods: The study included 84 patients that were treated by using computer 3D-planning and a
consecutive immediate loading surgical protocol. All implants were and rehabilitated with a fixed CAD/CAM
manufactured temporary structure. A total of 356 implants were placed, 67 of which were inserted directly into
extraction sockets. The clinical indices included the following parameters: 1ISQ (Implant Stability Quotient) and,
MBL (Marginal Bone Level).
Results: Only minor prosthetic complications were recorded. When installing implants, the average value of 1SQ
records was 62.8 and 74.6 ISQ after 5 months, respectively. All patients reached the 60-month follow-up period,
after 12 months the average value of marginal bone MBL) was 091, + 0.25. After 36 months the average value of
MBL was 1.08 + 0.42 mm. At the interval 60 months the average MBL value was 1.25 + 0.37 mm. The cumulative
survival rate was 97,8%. The results confirm the effectiveness of this surgical and prosthetic protocol.
Conclusions: Computer 3-dimensional virtual planning, in combination with immediate implant placement and
immediate loading of temporary structures using CAD/CAM structures; allowed for a short treatment process with
predictable aesthetic and functional results.

Keywords:ImmediatdmplantsPlacementimmediatd_oading; Digital Fabricatet; CAD/CAMmanufactured.
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Prosthetics rehabilitation with implant-supported
fixed crowns and bridges, is becoming increasingly
while widely spread and is considered as one of the
most promising areas of prosthetics dentistry.'

Implant dentistry, based on Braenemark's well-
documented research and supported by numerous
reports over the past decades, have confirmed its
outstanding effectiveness.*®

The absence of a tooth in the frontal area pushes the
patient seek a quick solution for the closeure of the gap.
Practitioners need to find the most effective way to
solve this problem. An adequate temporary restoration
is therefore ubiquitous®.

Traditional protocols recommended placement of
dental implants into the alveolar ridges with a 2-5
months healing period before restoration and loading
of the dental implant.’

A real alternative that eliminates the above
disadvantages may be implants with “immediate
loading” using preliminary 3D planning implant
placement and use CAD/CAM manufactured
temporary structure that is not needs correction. This
protocol reduces treatment time makes it more likely to
get patient consent for implantology treatment.®°

Immediate prosthetic concept consists of fixing the
abutments and CAD/CAM manufactured temporary
structure immediately after implant installation.-*2

Requirements for direct prosthetics are good quality
bone tissue (type DI or DII); opportunity installation of
an implant 10-15 mm long; the presence of an
adequate keratinized zone gums; possibility of
removing temporary prosthesis on implants from
occlusion.

Computer aided dental implantation (CAI) planning
was introduced more than 30 years ago with the goal of
facilitating implantation planning and preventing
intraoperative complications such as mandibular nerve
damage, sinus perforation, fenestrations or dehiscence.
Based on computed tomography (CT) and virtual
planning software, the implants are positioned in an
ideal position from a prosthetic point of view .1

Immediate placement of the implant after tooth
extraction and immediate loading of the implant with a
fixed temporary reconstruction is preferred by the
patient as postoperative pain after flapless surgery is
significantly reduced compared to the traditional open
approach, with computer-aided design/computer-aided
manufacturing (CAD/CAM) temporary and the final

designs provide high quality and aesthetics of
permanent prostheses.

Although computer-assisted implant placement and
CAD/CAM have contributed to simplifying the patient
rehabilitation workflow, the combination of immediate
implant placement and immediate loading protocols is
complex and requires a high level of organization
between the implantologist, technician, and patient.®-
18

The CAD/CAM protocol includes three sequential
steps: scanning, CAD modeling and CAM production.
The CAD component virtually designs a 3D outline of
the final implant component. The CAM system
produces the actual implant component according to
the virtual design.

The purpose of this study was to evaluate the
effectiveness of prosthetic rehabilitation of patients
with combined immediate implant placement using
Computer guided implant 3D planning and immediate
functional loading of temporary structures using
CAD/CAM.

The study included 84 patients without any
systemic diseases, with unilateral/bilateral missing
teeth treated using a computer 3D planning immediate
loading surgical protocol and rehabilitated with a fixed
manufactured zirconium structure with CAD/CAM.
Patients were given detailed information about the
methods and concepts of immediate implant placement
and immediate functional loading. All patients gave
informed written consent to participate in the study and
to publish the data obtained. All patients underwent a
clinical examination and using computed tomography
(CT) analyzed of residual bone. The DICOM (digital
imaging and communication in medicine) files
acquired with CT were also imported in a three-
dimensional reconstruction software. Based on
anatomical conditions and prosthetic planning, the
position of the implants was virtually planned using 3D
computer-aided design software (3Shape implant
Studio).

Patients were advised to strictly follow the
postoperative instructions. Postoperative medications
including:  Amoxicillin  clavulanate (Augmentin,
Manufactured by GlaxoSmithKline Group) 1gm: 1
tablet every 12 hours for 5 days. Non-steroidal anti-
inflammatory drug Ibuprofen (Brufen, Kahira Pharm.)
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600 mg: 1 tablet 3 times daily after meals for 4 days. model. After impression transfer scanning, they have

Before surgery, the patient washed with a 0.2% been removed from multiunit abutments. Based on the
chlorhexidine solution for 1 minute. Local anesthesia obtained intraoral scans, temporary prosthetic
was induced with a 4% solution of articaine with structures were manufactured in the technical
adrenaline in a ratio of 1:100,000. Implants were laboratory; on the second day of implantation, after
installed according to a pre-planned position according fitting in the oral cavity, they were fixed onto multi-
to a standard protocol. A total of 356 Bio3 implants unit abutments using screws. After fixation with
GmbH (Germany) were placed, 67 of which were 25Ncm temporary provisional structures the screw
inserted into extraction sockets. Implants were placed access area covered with composite material. In several
with minimum of 35Ncm insertion torque value with temporary restorations, the occlusion required only
the graded torque wrench. After installing the implants, minor adaptations due to precise digital preoperative
the primary stability of 1SQ (Implant Stability planning. Final dental prosthetics was performed 4-5
Quotient) implants was assessed by resonance months after implantation with CAD/CAM software
frequency analysis (RFA) during implant placement, (Procera-Software®, Nobel Biocare, Goteborg,
after 4-5 months of loading. Then, multi-unit Sweden) fabricate supported metal-ceramic or
abutments abutments were immediately placed their zirconium dioxide restorations. The accurately fitting
height adjusted and suturing was done using 3/0 black prosthetic structures was screw retained with 25Ncm
silk sutures (Ethicon Mersilk, Johnson & Johnson Pvt and the screw access area covered with composite
Ltd). The impression transfer was fixed before material. CT image is taken before implants insertion
scanning. The scanner is a data acquisition system that and after prosthetic rehabilitation (stages of immediate
records the 3D geometry of the infrastructure and implant placement with immediate loading are shown
converts the actual dental model into a virtual dental in the figures 1-8).

Figure 2. Intraoral scanningoeforeremovalof old
prostheticstructures

R A AN
Figure 3. Intraoral viewafterimplantplacement Figure 4. Theimpressiortransferis installedon a multi-unit

abutmentind scanned

Figure 5. CT after 2 weeksafterimplantplacement Figure 6. Obtainedintraoral scansfor the productionof
temporaryprostheticstructures
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Figure 7. Intraoral viewoneday afterimplantplacement, Figure 8. Intraoral view5 monthafterimplantplacement,
temporaryprostheticstructuresfixed to a multiunitabutment final zirconiumprostheticstructuresfixedto a multiunit
usingscrews abutmenusingscrews

The clinical indices included the following

parameters: 1SQ, peri-implant marginal bone level The p values <0.05 were consideredstatistically
(MBL), immediately (base line for comparison) and significant

3 months, 1year, 3years, and 5years after implant
installation, compared with values at last follow-up.
The level of alveolar bone around each implant was
evaluated by taking measurements exactly. The patient
followed a regular maintenance program at the dental
hygienist twice a year.

Cumulative survival rate was 97,8%. The results
confirm the effectiveness of this surgical and prosthetic
protocol. The patients were satisfied with the aesthetic
and functional result of the treatment.

Implant-supported fixed dentures can be an
effective and best method of restoring the aesthetics
and function of chewing, and can lead to a significant
improvement in their quality of life,1%%

Prosthetic rehabilitation using implants is a long-
term good solution for partially and completely
edentulous patients, with a high rate of survival and

Statistical analyzes were performed using SPSS
(SPSS 25.0®; SPSS Software Company, Chicago, IL,
USA). Differences between observation periods were
checked using the paired Student's t test.

success.?

Typically, the traditional implantation protocol
At the one-year follow-up appointment, healthy includes several stages, after the installation of the
mucosal and stable crestal peri-implant conditions implants, an osseointegration healing period lasting
observed. The CT optimal prosthetic and o0sseous from 2 to 6 months and an oropedic stage that includes
conditions. Only minor orthopedic complications were numerous visits to the prosthetists before the

recorded. When installing implants, the average value installation of the final prosthesis.??
of RFA records was 62.8 ISQ (Implant Stability Since its inception, implant dentistry has developed
Quotient) and after 5 months, respectively, 74.6 1SQ. dynamically and now modern protocols of immediate
All patients reached the 60-month follow-up period, implantation and immediate loading are an ideal,
after 12 months the average value of marginal bone predictable procedure for replacing teeth and there by

resorption (MBL) was 091, + 0.25, after 36 months the restoring aesthetics and function.?
average value of the MBL value was 1.08 + 0.42 mm, The use of preoperative virtual three-dimensional
after 60 months the average MBL value was 1.25 + implant planning allowed for controlled and immediate
0.37 mm, implant installation and immediate functional loading
using accurately fitting provisional prosthetic

Table 1. Meanmarginalboneloss(MBL) after structures was effective.?

prostheticloading There are now a large number of clinical trial

reports reporting that immediate functional loading of
dental implants can be as effective as implantation
using traditional loading protocols.?>2

The clinical success of immediate functional

Time after prosthetic loading
After 12 month | After 36 month | After 60 month
0.91+ 0.25mm 1.084£0.42 mm 1.25+0.37 mm
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loading largely depends on a number of factors: patient
selection, bone quality and quantity, number of
implants placed and primary implant stability and
occlusal load.827-3

Immediate loading of dental implants has several
advantages such as reducing time, improving esthetic
and occlusal function, eliminating temporary dentures,
preventing reoperations and preserving residual
alveolar bone and is considered a predictable
procedure, 336

It was found that the process of bone formation
around dental implants is more activated in case of
immediate loading resulting in a stable attachment
ensuring final restoration.®

This article describes the use of protocol Immediate
Implant Placement, Immediate Load, a technology that
allows  screw-retained and implant-supported
temporary restorations using a completely digital
protocol. With this accelerated digital treatment
protocol, the transition to a restored dentition is
achieved without the need for any physical
impressions.

Optimized digital protocol, involves the production
of an optimally aesthetic and functional prosthesis that
ensures a precise and passive fit on multi-unit
abutments screwed to the implants, providing proper
lip support and rejuvenating aesthetics. The digital
technology protocol allows you to design and
manufacture the most ideal dentures for the selected
dentition, taking into account patient photographs and
digital scanning of the dentition and soft tissues.

An intraoral scanner is used preoperatively and
intraoperatively to scan soft tissue and existing
dentition using. After the implants are installed and the
Multi-Unit abutments are placed on the inch, they are
attached to the scan bod and scanned in accordance
with a special protocol to determine the exact position
of the implants. Based on this information, a file of the

optimal temporary prosthesis is created and from this
file a temporary prosthesis on an implant with screw
fixation is manufactured. The use of CAD/CAM
protocol in prosthetics on implants has three
advantages: accuracy (or accuracy of fit), durability
and simplicity of design. Each of these advantages is
discussed as follows. With this protocol, the prosthetic
sequence is significantly reduced, providing digital
restoration of aesthetics and function in one day.

Computer three-dimensional virtual planning,
combination of immediate implant placement and
immediate loading of temporary structures using
CAD/CAM, allowed for a short treatment process with
predictable aesthetic and functional results.
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Abstract

Background: Musculoskeletal pain (MSP) is a serious workplace hazard for dental professionals. Efforts have been made
to investigate the prevalence of MSDs and risk factors in various Indian regions. However, these are primarily tied to
workplace risk factors and overlook the impact of lifestyle and ergonomic awareness as risk factors for MSP in dentists.
Therefore, this study aimed to assess the prevalence of MSP among dental professionals and its associated work, lifestyle,
and awareness-related risk factors.

Material and methods: A cross-sectional observational research design were conducted among dental professionals
working in the clinical facilities. The snowball sampling technique was employed to choose participants. The data
collection tool was administered via a Google Form survey. Categorical variables were reported as frequency and
percentage. Chi-square was applied with a P-value <0.05 as significant.

Results: 120 dental practitioners were enrolled in the study. 53.3% of participants reported having work-related MSD.
Male professionals had a greater incidence (55.6%) than their female counterparts (48.7%). The most commonly reported
specific discomforts were back/neck pain (18.3%), isolated neck pain (15.8%), and back pain (12.5%). The number of
hours worked each day (p=0.001), type of activity (p=0.022), work stress (p=0.001), and ergonomics in the curriculum
(p=0.039) differed significantly between male and female participants. Medical problems (p=0.001) and their types
(p=0.022), dental support during practice (p=0.005), and ergonomics in the dental curriculum (0.005) varied significantly
among age groups.

Conclusion: There is a significant prevalence of work-related MSP among Indian dentists, particularly in males over 40
years age. Factors such as physical activity, stress levels, co-existing medical conditions, and exposure to ergonomic
education may influence the prevalence of MSDs. Thus, there is a need for continuing education programs and advocating
for more comprehensive training in ergonomic practices to mitigate the risk of MSDs among dental professionals.

Keywords:MusculoskeletalPain; dentists;ergonomis; crosssectionalstudy.
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Musculoskeletal pain (MSP) is a serious workplace
hazard for dental professionals, affecting not only
individual health but also organizational productivity
and financial stability.! These disorders are frequently
caused by work-related activities such as using
vibrating devices, the strenuous nature of the job,
treating a high volume of patients, doing a significant
amount of administrative work, and performing
repetitive motions in a small workspace.? This Work-
related MSP can have significant socio-economic
consequences caused by disability, absenteeism, lower
job quality, and lower job satisfaction.> Worldwide,
several studies have assessed MSP prevalence among
dental professionals. In Saudi Arabia, Aljhanak et al.
reported that 85.7% of dental assistants reported
having MSP symptoms in the previous 12 months and
47.9% in the previous 7 days. In Finland, 90% of
dentists and dental students reported having MSP
symptoms.* In Italy, 87.2% of dental practitioners
reported having MSP; in Peru, 91.4% reported having
MSP.5 In Pakistan,® 87% of dental practitioners had
some form of MSD, with the lower back, neck, and
shoulders being the most affected body regions. Many
systematic reviews have also concluded a high
prevalence of MSD among dental healthcare
providers,”*® with females and ergonomic behavior
being the key risk factors.?-12

The neutral operational position describes the ideal
posture for a provider, which consists of aligning the
head, spine, and pelvis while keeping shoulders relaxed
and low. Elbows should be close to the chest, while
wrists and hands should be at or slightly below elbow
level, in neutral alignment. This ergonomic posture
promotes regular circulation and reduces strain on
joints and muscles.®

On the other hand, uncomfortable postures
including forward bending and repeated head, neck,
and trunk rotation cause strengthening of preferred side
muscles and weakening of antagonist muscles,
resulting in muscle imbalance. These muscles, which
are strained from prolonged static postures, are prone
to ischemia due to continuous contraction and fatigue,
and frequent insufficient rest limits adequate recovery,
threatening muscular necrosis. The body adapts to pain
or damage by employing various muscle groups to
maintain posture, known as muscle substitution which
worsens muscle tension and weakness, increasing the
likelihood of  musculoskeletal problems. 4

Additionally, repetitive force, mechanical stressors,
vibration, cold temperature, and extrinsic stress
increase the risk further.?® Ignoring musculoskeletal
pain resulting from poor ergonomics and additional
work-related factors lead to long-term musculoskeletal
and psychological issues, and ultimately a career-
ending injury.

Previous research has revealed a greater incidence
among Indian dentists.’®® However, the frequency of
MSDs among dental professionals varies greatly across
India due to differences in MSD risk factors and
predictors.’® Furthermore, these are primarily related to
workplace risk factors, and just a few investigations
have examined the impact of lifestyle and ergonomic
awareness as risk factors for MSP in dentists.
Recognizing this gap, this study aimed to determine the
prevalence of MSP among dental professionals, and
the risk factors associated with their employment,
lifestyle, and awareness.

A cross-sectional observational research design was
conducted to assess the prevalence and contributing
factors to musculoskeletal pain among dental
professionals. The approval and ethical review of the
procedures and methodologies for collecting data for
survey-based research were provided by the ethical
board. We applied a sample size formula for the survey
design to calculate the sample size. The predicted
population percentage (p) of the sample is projected to
be 92% with a 95% confidence interval, a margin of
error of 5%, and a design effect of 1. The final sample
size was 114 dental professionals.

The sample size was calculated using the formula for
cross-sectional studies:n= [DEFF*Np(1-p)]/ [(d2/Z221-
a/2*(N-1)+p*(1-p)] where Population size(N) was
considered= 328157 (as registered in Dental Council of
India); Confidence limits as % of 100(absolute +/-
%)(d)=5%; Design effect (for cluster surveys-
DEFF)=1 and the predicted population percentage (p)
of the sample is projected to be 92%.%

The snowball sampling technique was employed to

choose participants.

Dental professionals working in the clinical
facilities at the data collection stage and who have
completed their graduation or postgraduation in

Jain L, Hegde V, Shetty R, et al. Ergonomic Awareness Survey: Examining Musculoskeletal Pain Prevalence and
Contributing Factors Among Dental Professional in a Sample of Indian Population. Bulletin of Stomatology and
Maxillofacial Surgery. 2024;20(2):126-141. doi:10.58240/1829006X-2024.2-126

127



dentistry course were included. We excluded retired
professionals, undergraduate students, and dental
professionals who experienced serious accidents,
injuries, or medical diseases such as rheumatoid
arthritis that resulted in permanent musculoskeletal
disability.

The planning and administration of data collection
were done in adherence with the “Checklist for
Reporting  Results of Internet  E-Surveys”
(CHERRIES) checklist.?? The CHERRIES checklist is
a reliable instrument targeted at improving the quality
of web surveys in following areas- study design, tool
development and pre-testing, sample recruitment and
access to the survey, survey administration,
completion, preventing multiple entries, and
analysis.?!

The data collection tool comprised 24 multiple-
choice questions, which were broadly divided into two
categories including socio-demographic information of
the participants and questions specific to dental
ergonomic behavior and MSP. These questions were
administered via a Google Form survey in English. The
survey took time of 5-10 minutes. Before launching
the survey, the research team reviewed and validated
the research tool with a small group of ten dental
professionals from a designated hospital. Cronbach
alpha was also measured to determine the instrument's
reliability, with a value of 0.83 indicating good
consistency. Following the tool validity, two
researchers distributed the questionnaire via email as a
hyperlink to 7 known dentists from different health
facilities, who were then encouraged to share it further
within their professional networks. No incentives were
offered to participants for their participation in the
study. To ensure the authenticity of responses and
prevent multiple submissions from the same
participant, each respondent was required to login
using an email ID. Furthermore, participants could
only access the survey questions after giving informed
consent, which was obtained after they had been
informed of the study's aims and the guarantees of
anonymity and confidentiality. This consent process
was essential to uphold the ethical standards of the
research. The form settings were also adjusted so that
all responses were mandatory, thereby eliminating the
possibility of any blank responses. Participants could
review and edit their answers using the back button.

The responses were transferred to an Excel sheet whose
access was limited to research team members only.

The data was transferred from the Google survey
form to a Microsoft spreadsheet. Data was analyzed
using the Statistical Package for Social Sciences
(SPSS) Version 28 (SPSS Inc., Chicago, IL) software.
Initially, data mining was used to eliminate coding
problems. Categorical variables were reported as
frequency and percentage. Chi-square was applied for
proportion and  differences were considered
statistically significant if the P-value was less than
0.05.

A total of 120 dental practitioners filled out the
google survey forms. A large fraction of the
participants had extensive professional experience,
with 30.8% having 10-20 years in the area and just
13.3% having more than 20 years. The female gender
represented half of the participants with less than 5
years of experience. The majority worked six days a
week (70%) and the average daily work time was 6-8
hours (40%), followed by 8-10 hours (26.7%).
However, more males (45.7%) worked between 6-8
hours than females (48.7%). Sitting was the favored
method for dental practice for both men and women
(92.5%). Practitioners were almost likewise distributed
between general (48.3%) and specialized (51.7%)
practices, with more females (61.5%) practicing as
specialists than males (46.9%). The survey discovered
a substantial right-hand dominance (95%) among
dentists, with no gender differences. In terms of
procedural assistance, the majority (64.2%) received
four-handed support. Magnification aids were rarely
used, with 70% not utilizing any; however, 22.5% did
employ magnification loupes. Pediatric chairs were
used sparingly (6.7%), while surgical tables were
rarely used (5%) by both genders.

Among the distribution of practice-related
responses, only number of hours of work per day
differed significantly between male and female
respondents (P-value<0.001) whereas others were non-
significant.
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Table 1. Distribution of practicerelatedcharacteristicsof therespondentaccordingto gender

Characteristics Male (n=81) Female (n=39) | Total (n=120) | P-value
N % n % n %
Professional 0-5 16 19.8 17 43.6 33 27.5 0.055Ns
Experience (years) |5-10 26 32.1 8 20.5 34 28.3
10-20 27 33.3 10 25.6 37 30.8
>20 12 14.8 4 10.3 16 13.3
No. of working 5 6 7.4 7 17.9 13 10.8 0.163%s
days per week 6 56 69.1 28 71.8 84 70.0
(Days) 61/2 9 11.1 2 5.1 11 9.2
7 10 12.3 2 5.1 12 10.0
No. of hours of <4 1 1.2 1 2.6 2 1.7 0.001™
work per day 4-6 9 11.1 19 48.7 28 23.3
(hours) 6-8 37 45.7 11 28.2 48 40.0
8-10 25 30.9 7 17.9 32 26.7
>10 9 11.1 1 2.6 10 8.3
Mode of dental Sitting 74 914 37 94.9 111 925 0.716Ns
practice Standing 7 8.6 2 5.1 9 7.5
Type of dental General 43 53.1 15 38.5 58 48.3 0.133Ns
practice Specialty 38 46.9 24 61.5 62 51.7
Hand (dominance) | Right 78 96.3 36 92.3 114 95.0 0.389Ns
Left 3 3.7 3 7.7 6 5.0
Assistance during Two 15 185 12 30.8 27 22.5 0.202Ns
dental practice (No. | Four 53 65.4 24 61.5 77 64.2
of Hands) Six 13 16.0 3 7.7 16 13.3
Use of Naked eyes 55 67.9 29 74.4 84 70.0 0.360NS
magnification in Magnification 18 22.2 9 23.1 27 22.5
dental practice Loupes
Microscope 8 9.9 1 2.6 9 7.5
Use of pediatric Yes 4 4.9 4 10.3 8 6.7 0.434Ns
chairs No 77 95.1 35 89.7 112 93.3
Use of OT tables 2—4hrs 5 6.2 1 2.6 6 5.0 0.625Ns
4 -6 hrs 1 1.2 0 0.0 0.8
>8 hrs 1 1.2 0 0.0 1 0.8
Nil 74 91.4 38 97.4 112 93.3

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,

*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

Physical activity involvement was recorded by
67.5% of all individuals, with females (76.9%)
engaging in more physical activity than males (63%).
Cardiovascular activities were the most popular, with
30.8% of all respondents engaging in them.
Interestingly, more females (35.9%) than males
(28.4%) preferred cardiac exercises. Flexibility

training was the second most common activity, with
females outnumbering males (33.3% versus 12.3%).
Strength training and indoor/outdoor sports were less
popular overall, with 9.2% engaging in strength
training and 8.3% participating in sports activities.
When it came to exercise duration, 30-minute sessions
were the most popular across both genders, accounting
for 30.8% of responses. Among lifestyle-related
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responses, only the type of activity differs significantly

between male and female respondents (P-value<0.05).

Table 2. Distribution of lifestylerelatedcharacteristicsof the respondentsiccordingto gender(n = 120)

Characteristics Male (n=81) Female (n=39) Total (n=120) | P-value
N % n % n %
Physical Activity Yes 51 63.0 30 76.9 81 67.5 0.126Ns
Nil 30 37.0 9 23.1 39 325
Type of Activity Cardio Activities 23 28.4 14 35.9 37 30.8 0.022"
Flexibility Training 10 12.3 13 33.3 23 19.2
Strength Training 9 111 2 51 11 9.2
Indoor/Outdoor Sports | 9 111 1 2.6 10 8.3
Nil 30 37.0 9 23.1 39 325
Duration of 30-Min 22 27.2 15 38.5 37 30.8 0.248Ns
Exercise 45-Min 16 19.8 11 28.2 27 225
1-Hour and More 13 16.0 4 10.3 17 14.2
Nil 30 37.0 9 23.1 39 325

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

53.3% of participants reported having work-related
aches and pains. Male professionals indicated a slightly
greater incidence (55.6%) than their female
counterparts (48.7%). The most commonly reported
specific discomforts were back/neck pain (18.3%),
isolated neck pain (15.8%), and back pain (12.5%). In
terms of additional health concerns, 20% of dental
professionals reported having medical conditions
unrelated to dentistry, with an equal distribution

between genders. Hypertension appeared as the most
common disease, impacting 43.8% of males, while
women cited different illnesses as health concerns.
Stress-related to dental work was acknowledged by
56.7% of participants, with a significant gender
difference: more male respondents (67.9%) reported
feeling stressed than females (33.3%). Among health
concerns variables, only "Is your work stressful”
differs significantly between male and female
respondents (P-value<0.001).

Table 3. Distribution of incidenceof varioushealthrelatedissuesof therespondentsccordingto gender(n = 120)

Characteristics Male (n=81) Female (n=39) Total (n=120) | P-value
n % N % n %
Suffer fromany | Yes 45 55.6 19 48.7 65 53.3 0.482Ns
work-related Nil 36 44.4 20 51.3 56 46.7
aches and pain
Area of Pain Back Pain 14 17.3 1 2.6 15 125 0.064Ns
Neck Pain 11 13.6 8 20.5 19 15.8
Back / Neck Pain 17 21.0 5 12.8 22 18.3
Back/ Neck/Shoulder Pain | 1 1.2 3 7.7 4 3.3
Other 2 2.5 2 51 4 3.3
Nil 36 44.4 20 51.3 56 46.7
Have any medical | Yes 16 19.8 8 20.5 24 20.0 0.922Ns
problems other Nil 65 80.2 31 79.5 96 80.0
than dentistry
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Type of medical | Hypertension 7 43.8 2 25.0 9 375 0.323Ns
problem Diabetes 1 6.3 1 12,5 2 8.3
Hypothyroidism 0 0.0 2 25.0 2 8.3
Heart Disease 2 12.5 0 0.0 2 8.3
Other 6 37.5 3 37.5 9 37.5
Nil 65 80.2 31 79.5 96 80.0
Is your work Yes 55 67.9 13 33.3 68 56.7 0.001™
stressful Nil 26 32.1 26 66.7 52 43.3

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

Out of the total participants, only 33.3% reported
that dental ergonomics was included in their school
curriculum. A gender discrepancy was observed, with
a significantly higher proportion of females (46.2%)
than males (27.2%) affirming that they were taught
dental ergonomics during their schooling. Regarding
proactive measures to prevent MSDs, the survey found
that a vast majority (91.7%) had not attended any

workshop focused on the prevention of MSDs. only a
small fraction of the respondents had ever attended a
workshop on this subject—8.3% overall with females
(10.3%) being more likely than males (7.4%) to have
participated in such workshops. The distribution of
responses related to ergonomics such as “Dental
ergonomics taught in school as a part of the
curriculum” differs significantly between male and
female respondents (P-value<0.05).

Table4. Distribution of responsesegardingergonomicof therespondentaccordingto gender(n = 120)

Characteristics Male (n=81) Female (n=39) Total (n=120) P-value
n % N % n %
Dental ergonomics Yes |22 27.2 18 46.2 40 33.3 0.039"
taught in school asa | No 59 72.8 21 53.8 80 66.7
part of the
curriculum
Ever attended any Yes |6 7.4 4 10.3 10 8.3 0.726N°
workshop on the No 75 92.6 35 89.7 110 91.7
prevention of
musculoskeletal
disorders (MSDs)

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

The distribution of professional experience
corresponded with age, as those under 30
predominantly fell within the 0-5 years category
(84.6%), while most of those over 40 had over 10 years
of experience, with 53.8% in the 10-20-year bracket
and 41% exceeding 20 years. Work patterns such as

the number of working days and hours showed no
statistically significant difference across age groups,
with the majority of each group working 6 days per
week. The younger cohort (<30 years) tended to work
fewer hours per day, with 42.3% working 4-6 hours,
compared to the oldest cohort (>40 years) where a
higher percentage (38.5%) worked 8-10 hours.
Regarding practice mode, sitting was the predominant
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choice across all age groups. There was a significant
difference in the type of dental practice (P=0.042) with
the younger dentists (<30 years) skewing towards
specialty practice (73.1%), and the older groups (>40
years) distributed more evenly between general and
specialty practices. Dominant hand use was consistent,
with right-handedness prevailing across all ages. The
use of assistance during dental practice varied
significantly with age, with younger dentists utilizing
two-handed assistance more frequently (46.2%), and
those over 40 utilizing six-handed assistance more

(20.5%). Magnification in dental practice was less
commonly used by the youngest dentists with 92.3%
relying on naked eyes, while older groups were more
likely to use magnification loupes. The use of pediatric
chairs and operating tables was generally low but
increased slightly with age, although these differences
were not statistically significant. Only the type of
dental practice and Assistance during dental practice
(number of hands) show significant association with
age (P-value<0.05 for both).

Table5. Distribution of practicerelatedcharacteristicsof therespondentsccordingto agegroup (n = 120)

Characteristics Age Group (Years) P-value
<30 (n=26) 30 — 39 (n=55) >40 (n=39)
n % n % n %
Professional 0-5 22 84.6 11 20.0 0 0.0 --
Experience (years) | 5—10 4 154 28 50.9 2 5.1
10-20 0 0.0 16 29.1 21 53.8
>20 0 0.0 0 0.0 16 41.0
No. of working 5 3 115 5 9.1 5 12.8 0.469NS
days per week 6 16 61.5 39 70.9 29 74.4
(Days) 61/2 5 19.2 5 9.1 1 2.6
7 2 7.7 6 10.9 4 10.3
No. of hours of <4 0 0.0 2 3.6 0 0.0 0.070Ns
work per day 4-6 11 42.3 10 18.2 7 17.9
(hours) 6-8 7 26.9 27 49.1 14 35.9
8-10 7 26.9 10 18.2 15 385
>10 1 3.8 6 10.9 3 7.7
Mode of dental Sitting 25 96.2 51 92.7 35 89.7 0.628Ns
practice Standing 1 3.8 4 7.3 4 10.3
Type of dental General 7 26.9 31 56.4 20 51.3 0.042"
practice Specialty 19 73.1 24 43.6 19 48.7
Hand (dominance) | Right 24 92.3 52 94.5 38 97.4 0.635N°
Left 2 7.7 3 55 1 2.6
Assistance during | Two 12 46.2 11 20.0 4 10.3 0.005™
dental practice Four 14 53.8 36 65.5 27 69.2
(No. of Hands) Six 0 0.0 8 14.5 8 20.5
Use of Naked eyes 24 92.3 36 65.5 24 61.5 0.062Ns
magnification in Magnification Loupes | 2 7.7 13 26.6 12 30.8
dental practice Microscope 0 0.0 6 10.9 3 7.7
Use of pediatric Yes 1 3.8 3 5.5 4 10.3 0.530Ns
chairs No 26 96.2 52 945 35 89.7
Use of OT tables | 2—4 hrs 1 3.8 3 5.5 2 5.1 0.760NS
4—-6hrs 0 0.0 1 1.8 0 0.0
>8 hrs 0 0.0 0 0.0 1 2.6
Nil 25 96.2 51 92.7 36 92.3
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Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

65.4% of those under 30, 61.8% of those aged 30-
39, and 76.9% of those over 40 were physically active.
Flexibility training was favored by the under-30
cohort, while cardio activities were most popular
among the 30-39 and >40 age groups. The 45-minute

durations of exercise were more common in the < 30
years age group, whereas 30 minutes was more
common in the 30-39 and over-40 group. However,
these differences across age groups were non-
significant.

Table6. Distribution of lifestylerelatedcharacteristicsf the respondentsccordingto agegroup (n = 120)

Characteristics Age Group (Years P-value
<30 (n=26) 30 — 39 (n=55) >40 (n=39)
N % n % n %
Physical Activity Yes 17 65.4 34 61.8 30 76.9 0.295NS
Nil 9 34.6 21 38.2 9 23.1
Type of Activity Cardio Activities 5 19.2 19 345 13 333 0.358Ns
Flexibility Training 7 26.9 5 9.1 11 28.2
Strength Training 3 115 5 9.1 3 1.7
Indoor/Outdoor Sports | 2 7.7 5 9.1 3 7.7
Nil 9 34.6 21 38.2 9 23.1
Duration of 30-Min 5 19.2 20 36.4 12 30.8 0.080Ns
Exercise 45-Min 10 38.5 6 10.9 11 28.2
1-Hour and More 2 7.7 8 145 7 17.9
Nil 9 34.6 21 38.2 9 23.1

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

Among dental professionals, 57.7% under 30 years
of age reported work-related aches and pains, primarily
in the back and neck, with a minimal presence of non-
dental medical conditions. The middle age group (30-
39 years) had a lower incidence of work-related
discomfort at 43.6%, but a slight increase in other
medical issues to 10.9%. The over-40 group

experienced the highest rates of both work-related pain
(64.1%) and additional medical conditions (41%), with
hypertension being notably more common. Stress
levels were high across the middle and older age
groups, at 60% and 59% respectively, compared to
46.2% in the youngest cohort. Having any medical
issues and type of medical problem was found to be
significantly associated with age group.

Table 7. Distribution of incidenceof varioushealthrelatedissuesof therespondentsccordingto agegroup(n =

120)
Characteristics Age Group (Years) P-value
<30 (n=26) 30-39 (n=55) | >40(n=39)
N % N % n %
Suffer fromany | Yes 15 57.7 24 43.6 25 64.1 0.129Ns
work-related Nil 11 42.3 31 56.4 14 35.9
aches and pain
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Area of Pain Back Pain 2 7.7 8 14.5 5 12.8 0.221Ns
Neck Pain 4 15.4 4 7.3 11 28.2
Back / Neck Pain 5 19.2 10 18.2 7 17.9
Back/ Neck/Shoulder Pain | 2 7.7 1 1.8 1 2.6
Other 2 7.7 1 1.8 1 2.6
Nil 11 42.3 31 56.4 14 35.9
Have any medical | Yes 2 7.7 6 10.9 16 41.0 0.001™
problems other Nil 24 92.3 49 89.1 23 59.0
than dentistry
Type of medical | Hypertension 0 0.0 2 3.6 7 17.9 0.022"
problem Diabetes 0 0.0 0 0.0 2 5.1
Hypothyroidism 1 3.8 0 0.0 1 2.6
Heart Disease 0 0.0 1 1.8 1 2.6
Other 1 3.8 3 55 5 12.8
Nil 24 92.3 49 89.1 23 59.0
Is your work Yes 12 46.2 33 60.0 23 59.0 0.472Ns
stressful Nil 14 53.8 22 40.0 16 41.0

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

The study's findings indicated significant age-
related variations in dental professionals' exposure to
ergonomic education and training. Among those under
30, a higher proportion (53.8%) reported that dental
ergonomics was part of their school curriculum. In
contrast, only 36.4% of those aged 30-39 and an even
smaller (15.4%) of those over 40 had received such
education, reflecting historical gaps in ergonomic

training in dental education.

The likelihood of having attended a workshop on
the prevention of musculoskeletal disorders did not
differ significantly across age groups (P=0.126).
However, there was a slight increase in participation
among the older age group (>40 vyears, 15.4%)
compared to the youngest (<30 years, 7.7%) and the
middle age group (30-39 years, 3.6%).

Table 8. Distribution of responsesegardingergonomicof therespondentsiccordingto agegroup (n = 120)

Characteristics Age Group (Years) P-value
<30 (n=26) 30 — 39 (n=55) >40 (n=39)
n % n % n %

Dental ergonomics taught in Yes |14 53.8 20 36.4 6 15.4 0.005™
school as a part of the curriculum | No 12 46.2 35 63.6 33 84.6
Ever attended any workshop on Yes |2 7.7 2 3.6 6 15.4 0.126MNs
the prevention of musculoskeletal | No 24 92.3 53 96.4 33 84.6
disorders (MSDs)

Values are n (% of cases). P-value by Chi-Square test. P-value<0.05 is considered to be statistically significant,
*P-value<0.05, **P-value<0.01, ***P-value<0.001, NS- Statistically Non-Significant.

The distribution of responses related to ergonomics
such as “Dental ergonomics taught in school as a part

of the curriculum” differs significantly across three
groups of the respondents (P-value<0.01).
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The distribution of responses related to health
issues such as “Ever attended any workshop on
prevention of musculoskeletal disorders (MSDs)” did
not differ significantly across three groups of the
respondents (P-value>0.05).

Our study found that 53.3% of dental professionals
suffer from work-associated musculoskeletal pain.
This was comparable to Kumar et al.?* study that
reported a prevalence of 58.3% among dental
professionals. On the other hand, a higher prevalence
is reported in studies conducted among dental
professionals in various parts of India'®?22 and in
systematic reviews conducted at the global leve."*?
The consistency of these results across different studies
highlights the widespread prevalence of MSP within
the dental community that potentially affects the
careers and quality of life of dental professionals,
indicating an urgent need for targeted interventions to
promote healthier work practices in the dental
profession.

In our study, we observed a higher prevalence of
musculoskeletal pain (MSP) among male dental
professionals (55.3%) compared to females (48%),
although this difference was not statistically
significant. This finding contrasts with several existing
Indian studie'®?* and global systematic revie,” which
typically report a higher prevalence of MSP among
females compared to males. The discrepancy in our
findings could be attributed to the sample composition,
particularly the lower proportion of female participants
in our study. This underrepresentation may have
influenced the results, potentially skewing the gender-
specific prevalence rates of MSP.

The prevalence of MSP was found to be highest in
dental professionals who were above the age of 40
years and those who work for more than 6 hours, but
this prevalence was not significantly different from
practitioners below 40 years of age. This was in
congruence with the findings of Gangaraju et al.?? who
showed a similar non-significant association with age.
Contrarily, some studies showed increasing age, a
greater number of working hours, and higher work
experience as the two main risk factors of Work-related
MSP.81225 This increase can be attributed to the long-
term cumulative effects of ergonomic stressors on the
body, particularly among those who work for long

hours. Additionally, aging naturally decreases physical
resilience and recovery rates, making older
professionals  more  susceptible to  chronic
musculoskeletal conditions. Conditions such as
arthritis, which are more common in older age, can also
exacerbate the severity of MSP. The discrepancy
between these findings and our study could be
attributed to the composition of our study's sample,
which consisted of nearly equal numbers of
participants under 30 years and those aged above 40
which might have diluted any potential age-related
differences in MSP prevalence, resulting in a lack of
statistical significance.

The assessment of MSDs according to the most
afflicted body regions shows that male dental
professionals have a higher incidence of back and neck
pain, whereas female practitioners have a higher
prevalence of neck pain, however this difference is not
statistically significant. Similar findings were noted in
other studies conducted in the Indian context or
internationally.?¢2  Contrarily, one Indian study
reported elbow region as more commonly affected
among females.'® The variation in affected region can
be explained by work practices or specific roles which
could predispose them to different stress points.

Our study reveals significant differences in work-
related stress across genders, with male dentists
reporting higher levels of stress compared to their
female counterparts. This finding contrasts with the
results from Marklund et al.,”® where approximately
48.1% of participants, irrespective of gender, reported
experiencing moderate to high levels of stress.
Research by Phedy et al.*® supports the notion that
stress is closely associated with physical symptoms
such as pain, stiffness, fatigue, and discomfort, further
emphasizing the impact of psychological factors on
physical health. Similarly, physical health conditions
such as chronic pain or discomfort and poor sleep
quality may impair individual's capacity to complete
daily tasks, resulting in frustration, decreased job
efficiency, and stress.”® These findings suggest a
complex  relationship  between  stress  and
musculoskeletal disorders among dental professionals,
highlighting the need for targeted interventions that
address both the physical and psychological aspects of
dental practice.

An active lifestyle may significantly reduce the
prevalence of musculoskeletal discomfort.3! According
to our study, physical activity, particularly cardio and
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flexibility of at least 3 minutes is more common among
dental professionals. According to Kumar et al.?* study,
64% of the subjects exercised regularly for more than
30 minutes on at least four to five days each week. For
dental practitioners, Holzgreve et al. suggested a 10-
week resistance training program that can help reduce
pain intensity and protect against MSP. Based on the
available statistics, it appears that a considerable
percentage of dentists recognize the benefits of
physical activity in lowering the risks associated with
their line of work. However, the gap in engagement
levels highlights the need for increased emphasis on
frequent and varied physical activity, particularly
stretching, as a preventive intervention against
musculoskeletal problems in the dentistry community.
Enhanced efforts to promote fitness and ergonomic
practices have the potential to improve dental
practitioners' overall occupational health.

Using magnification lowers forward head tilt and
related neck strain, although their use in dental
practices is limited due to high cost. This minimal
usage is confirmed in our study and others from
different parts of India.®*3* To reduce physical strain
and increase treatment quality, it is vital to promote
affordable  magnifying loupes among dental
practitioners implying a drive to make these ergonomic
equipment more widely available.*

Education on dental ergonomics appears to be more
prevalent among the younger dental professionals,
particularly those under the age of 30, as well as among
females. The trend among younger dentists in India
suggests an increased emphasis on musculoskeletal
disorder prevention in recent dental curricula, aligning
with the rising awareness of occupational health
hazards in dentistry. The higher ergonomic education
reported by women could also reflect the growing
number of female entrants into dental professions in
recent years as the women in our study are mostly
young dental professionals compared to males. This
indicates a potentially influencing a curricular shift
towards ergonomic awareness. Despite these positive
trends in education, there remains a significant gap in
professional development opportunities, as indicated
by the low attendance at workshops dedicated to the
prevention of MSDs across all age groups. This
underscores an area for enhancement in continuing
education  programs,  advocating for  more
comprehensive training in ergonomic practices to
mitigate the risk of MSDs among dental professionals.

This study provides valuable insights into the
prevalence of musculoskeletal pain among dental
professionals; however, it is not without its limitations.
The reliance on self-reported data introduces a degree
of subjectivity, particularly since pain experiences are
inherently personal and can vary greatly between
individuals. Moreover, the smaller sample size reduces
the confidence on robustness of our findings.
Furthermore, the study did not quantify the intensity of
the reported pain, which is a critical aspect of
understanding the impact of musculoskeletal disorders
on the individual's professional and personal life.
Additional variables that could contribute to a
comprehensive understanding of the issue were not
explored. For instance, the average time spent on a
single patient, whether specific dental procedures
exacerbate pain, the number of leaves taken from work
due to musculoskeletal pain (MSP), and the duration of
breaks between patients, were not recorded. The study
also assessed whether ergonomics was included in the
dental curriculum, yet did not extend to evaluating the
depth of knowledge or the practice of ergonomic
principles.

For future research, it is recommended to address
these limitations to enrich the data. To better
understand the association of age, working hours and
gender on MSP, future studies might benefit from a
larger and more varied age distribution among
participants, which could provide a clearer picture of
how MSP prevalence changes with these factors in
dental professionals. Understanding the actual
implementation of ergonomic strategies in the
workplace through randomized trials could vyield
insights into their effectiveness in preventing MSP.
Additionally, future studies should aim to evaluate the
practical application of ergonomic knowledge among
dental professionals, which would inform the
development of targeted interventions for MSP
prevention. A longitudinal design could also be
considered to track changes over time and assess the
long-term efficacy of ergonomic education and
practices.

The present study highlighted a significant
prevalence of work-related musculoskeletal disorders
(MSDs) among Indian dentists, particularly in males
over the age of 40. Factors such as physical activity,
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stress levels, co-existing medical conditions, and
exposure to ergonomic education exhibited notable
differences across both gender and age groups, which
may influence the prevalence of MSDs among dentists.
These findings provide clinicians with vital insights
into enhancing treatment effectiveness and
magnification glasses to reduce strain, optimizing
ergonomic methods, thereby improving both patient
care and practitioner well-being. Furthermore, this
emphasizes the importance of continuing education
programs, encouraging dentistry students to
incorporate ergonomics during clinical sessions, and
advocating for more extensive ergonomic practice
training to reduce the risk of MSDs among dental
professionals.
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AOCTpaKT
Beenenne: Ckenerno-mpimeunas 6ons (MCB) npencrasisier co6oil ceppe3HyI0 OMacHOCTh Ha pabodeM MecTe IS
CTOMATOJIOTOB. BBUIM TNpeAnpuHATH yCWiIHMsA MO H3ydeHuio pacmpoctpaneHHocTH MCB n ¢daktopoB pucka B
pa3nuuHbIX pernoHax Muaun. OqHako OHU B TIEPBYIO OUepeab CBA3aHBI ¢ PaKTOpaMH pUCKa Ha pabodyeM MecTe U He
YUUTHIBAIOT BIMSHUE 00pa3a )U3HU U OCBEIOMIICHHOCTH 00 SproHOMHUKe Kak ¢akTopoB prucka MCB y cromaTonoros.
Takum 00pa3om, 3TO UcciIeaoBaHNE OBUIO HANPABJICHO Ha OLEHKY pacmpocTtpaneHHocTH MCB cpenn ctomMaTonoro
U CBSI3aHHBIX C HUM ()aKTOPOB PUCKA, CBA3aHHBIX C paboTOi, 00pa3oM KH3HH U OCBEJOMIICHHOCTBIO.
Marepuan u wmeroabl [IpoBeneHO TEpeKpecTHOE OOCEPBALMOHHOS HCCICIOBAHHE CPEIH CTOMATOJIOrOB,
paboTalomux B KIMHUYECKUX YupekaeHusx. s orbopa ydacTHHKOB Obla HCIIONB30BaHA METOAWKA BHIOOPKH
CHEXXHOro Koma. MHCTpyMeHT cOopa JaHHBIX YIPAaBISUICS ¢ MOMOIIbI0 onpoca B popme Google. KareropuansHbie
nepeMeHHbIe ObUTH TPECTaBIICHbl KaK 4acToTa M MPOIEHT. XHU-KBaapaT mpuMeHsuics co 3HadenueM P <0,05 kax
3HAYUMBIH.
PesyabTaThl: B uccienoBanmiu npuHsiy yyactie 120 mpakTHKYOIUX CTOMATONOroB. 53,3% y4acTHHKOB COOOIIHITH
o Hammunun MCB cBs3anHOrO ¢ paboroil. MyKUMHBI-TPOPECCHOHAIB HMMENU 0ojee BBICOKHI YPOBEHb
3aboneBaemoctu (55,6%), uem ux Koyutern-eHmuabl (48,7%). Yame Bcero cooOImIanoch O CHEH(DUIESCKUX
auckoMboprax: 6onmu B crnune/mee (18,3%), uzomupoBannoin 6onm B mee (15,8%) u Gomu B crnimue (12,5%).
KonuuecTBo yacoB, otpaboTanubix Kaxaeii aeub (p = 0,001), tun gestensuoctu (p = 0,022), pabounii ctpece (p =
0,001) u spronomuka y4ueoHoii mporpammsl (p = 0,039) 3HAYUTETHHO PA3THIATHCH MEKITY YIACTHUKAMU MYKCKOTO U
XeHckoro nona. Memununckue npooaemsl (p=0,001) u ux sugst (p=0,022), cToMaTOIOTHYECKOE COMPOBOKACHUE BO
Bpems npaktuku (p=0,005) u spronomuka B cromaronoruueckoit nmporpamme (0,005) cymiecTBEHHO pa3anvainch
MEJKTy BO3PaCTHBIMH TPYIIIIaMH.
BoiBoa: Cpeny MHIUICKMX CTOMATOJIOTOB HAOJIOAETCsA 3HAYUTENIbHAs pacrpocTpaHeHHOCTh MSP, cBs3aHHOTO C
pabotoii, ocobernHo cpeau myxunH crapire 40 net. Takue GakTopsl, Kak (pu3nyecKas aKTHBHOCTh, YPOBEHb CTpecca,
COMYyTCTByIOIIME 3a00NeBaHWsl W BO3JCHCTBME HAPrOHOMHUYECKOTO  O0pa3oBaHWs, MOTYT BIHSTh Ha
pacnpoctpanenHocth MCB. Takum o00pa3oM, cylmIecTByeT HEOOXOJUMOCTh B MPOrpaMMax HEMpPEepbIBHOTO
o0pa3oBaHMs W TporaraHje 0ojiee BCECTOPOHHEro OOYYEHHs SPrOHOMHYECKUM INPAKTUKaM Ul CHIDKSHHUS pUCKa
MCB cpenn CTOMaTOJIOTOB.

Jain L, Hegde V, Shetty R, et al. Ergonomic Awareness Survey: Examining Musculoskeletal Pain Prevalence and
Contributing Factors Among Dental Professional in a Sample of Indian Population. Bulletin of Stomatology and
Maxillofacial Surgery. 2024;20(2):126-141. doi:10.58240/1829006X-2024.2-126
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Abstract
Background: Various grafting materials are widely used in rhinoplasty. However, the choice of the optimal
material in different clinical situations remains a matter of debate. The author analyzes the available literature on
the various materials used in rhinoplasty to evaluate the advantages and disadvantages of each.
Methods: For literature analysis, Cochrane Library, Embase and PubMed websites were searched. Autograft,
(septal cartilage, auricular cartilage, costal cartilage), allograft, bone grafts, soft tissue grafts, PRP, fluid cartilage,
rhinofiller and alloplastic implants, were used as search keywords; the effectiveness of the use of each material,
resorption results, complications, functional and aesthetic satisfaction of patients were evaluated. From the 127
articles considered in the analysis, 57 articles that met the inclusion criteria were included. Autologous cartilage
grafts are widely used for dorsal augmentation. Autografts can provide varying amounts of cartilage when high
structural stability is required, bone can be used. However, surgery to harvest a cartilage autograft is not in all cases
acceptable to patients due to the duration of the operation and can cause unpleasant complications at the donor site,
such as prolonged pain, pneumothorax, and scarring. An alternative to autograft is allografts (irradiated and non-
irradiated rib) and the acellular dermal matrix has the advantage of eliminating the need for an additional surgical
site.
Conclusions: With this comprehensive review, the authors hope to clarify the choice of the most optimal material,
which can enable the surgeon to obtain a stable nasal architecture, optimal aesthetic and functional results. Further
research is needed to establish clear guidelines for selecting an appropriate rhinoplasty material.

Keywords:Autografts;Allografts; Alloplastic Materials; Dorsal AugmentatiorRhinoplasty.

Dorsal augmentation rhinoplasty  addresses
aesthetic and functional disorders caused by nasal
dorsum deficiency and is performed using a variety of
surgical techniques and grafting materials, all of which
have distinct advantages and disadvantages.®

Rhinoplasty is one of the most applicable surgical
interventions in modern aesthetic surgery. It
strengthens the harmony of the face and the proportions
of the nose, and may also help relieve breathing
problems. 2
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Etiology of nasal deformity

* Congenital: Cleft palate

* Hereditary: Large dorsal hump
* Traumatic: Crooked nose

* latrogenic: Previous septoplsty/rhinoplasty

Figure 1. Etiology of nasaldeformation

To date, there is no system for selecting the optimal
material for reconstruction of the nasal septum
depending on the clinical situation; there is no analysis
of long-term results and possible complications when
using various grafts. Graft selection remains the
greatest challenge for surgeons performing in dorsal
rhinoplasty.*

A number of materials are used in rhinoplasty
surgery, these include autologous implants (harvested
from the patient's own tissue), allogenous materials
(obtained from cadavers), alloplasts (synthetic
implants).>®

‘aft: auricular cartilage, septal cartilage, rib cartilage,
iliaccrestbone

ft:irradiated rib, pooled acellular dermis

silicone, poly-tetra-fluoro-ethylene (Gore-  Tex),

polyamide mesh

coral,ivory
Figure 2. Graft materials

Each has advantages and disadvantages; these are
discussed in this article.

Defects in the dorsal profile are classified into
major and minor defects. Small defects can be repaired
by placing septal or conchal cartilage precisely along
the dorsum®. Large dorsal defects require total dorsal
augmentation and require a large volume of graft
material, autologous sources such as rib autografts and
autologous bone grafts of the external table skull for
total dorsal augmentation.®

The main dorsal defects are classified based on their
anatomical location: saddle deformity and upper back

curvature.!*

A saddle deformity results from excessive
angulation of the anterior septum creating an apical
depression or separation of the dorsal septum. An
upper back tilt is attributed to excessive removal of the
nasal bones, which causes a very low and deep root.

Rhinoplasty approaches

- Incisions placed Inside the nasal cavity only

- Incisions placed Inside the nasal cavity and outside
on the columella (Rethi Goodman's gull wing or

flying bird incision)

Figure 3. Rhinoplastyapproaches

The ultimate goal of dorsal augmentation
rhinoplasty is to create a soft, smooth nasal bridge with
dorsal aesthetic lines. Dorsal nasal reconstruction
procedures will include grafts, flaps, osteotomies, as
well as camouflage operations.  During dorsal
augmentation rhinoplasty, the graft is placed in the area
of the defect under the periosteum.

Figure 4. Schematistagesf dorsalrhinoplasty
usingtransplant

The choice of transplant remains the biggest

problem for surgeons performing rhinoplasty:*#*3

9 Optimal material features include;

9 Biocompatibility, minimal risk of immunological
response;

9 Structural  elasticity and rebound  over
physiological and sustained time;

9 Easy access with plenty of volume;

Minimum cost;

9 No donor site morbidity.

=
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The ideal graft material must also be readily
available in sufficient quantities and cost-effective; it
is important to emphasize that no ideal material
currently exists.

Graft materials have unique characteristics, uses,
and a literature review presents their uses, risks, and
benefits.

This review discusses the current and most vaccine
options available to the source of the vaccine that may
allow the surgeon to obtain optimal aesthetic and
functional results fillers are used for small corrections,
fascia and fat can be used, supporting implants or grafts
are used for large corrections.

Nasal reconstruction often uses autologous bone
and/or cartilage.'*'® Advantages include lowest
extrusion and resorption rates and perfect
immunogenicity.’

The use of autografts often requires additional
surgical fields, complications from donor sites.®

Cartilage autograft (nasal septum, ear and costal)
remains the gold standard for structural nasal
reconstruction. The most commonly used autobone are
the iliac crest bone and calvarian bone.

When performing operations for aesthetic reasons,
the nasal septum often serves as a source of plastic
material necessary to perform the operation, which,
with excessive resection, also leads to an increase in
complications of an aesthetic and functional nature.
Septal cartilage is ideal for rhinoplasty because of its
location, but it is often deficient in some patients.

Septal cartilage consists of 78% water, 8%
collagen, 3% sulfated glycosaminoglycan and contains
25 million cells per gram.*®

Septal cartilage is preferred for rhinoplasty because
of its ease of access, minimal donor site morbidity, and
it provides a single surgical field. The septal cartilage
is stable and resistant to infection, showing minimal
deformation and resorption.

Conchal cartilage is often used for nasal alar grafts
because of its curved shape, but its volume is also
limited. The conchal cartilage of the ear has a
characteristic curve and is softer and more flexible than
septal cartilage. conchal cartilage is ideal for nasal tip
grafts.?

Conchal cartilage advantages include low
morbidity, relatively large graft volume, and resistance
to resorption can be corrected with PDS foil suture
fixation,

The average surface of the removed amount of
conchal cartilage is 3.5-4.5 cm2, it is necessary, with
care taken to keep at least.?

Costal cartilage abundant volume, relative ease of
harvesting is considered advantages for reconstructing
severe and complex saddle nose deformities.??23

The main indications for the use of costal cartilage
in plastic surgery are:

- Material deficiency as a result of previous
rhinoplasty
- Insufficiency of the nasal skeleton due to trauma

The use of costal cartilage is dictated by a number
of features of its structure, which have a number of
obvious advantages in comparison with ear cartilage:

- Sufficient thickness - up to 5-7 cm;

- Strength;

- The ability to create almost any given
configuration;

- Stability of the resulting structure.

Costal cartilage is collected based on the amount of
material required and is possible in several places:
- Cartilages of the 11th ribs on both sides

Important limiting aspects of costal cartilage
grafting include donor site morbidity and risk of
warping.?

However, the operation of taking a cartilage
autograft is not in all cases acceptable to patients due
to operative time and can cause distressing donor-site
complications such as prolonged pain, pneumothorax,
scarring, second surgical site.

Alternatively, allografts may be preferable and
more acceptable to patients.?>?’ Allografts can be
obtained from patients undergoing septoplasty or taken
from donor banks. If taken from patients, patients are
screened for viral infections before surgery, including
hepatitis B, hepatitis C, and HIV. After the septal
cartilage is obtained, the cartilage is placed in a
solution containing thiomersal (white merithiolate) and
stored in a refrigerator at 4°C in bottles labeled with the
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date of extraction.

Allografts obtained from donor banks are
disinfected, checked and stored in sterilized glass
bottles.  Aseptically  processed  non-terminally
sterilized, fresh-frozen allografts from deceased donors
were developed and made available as an intended
option.?® A costal allograft regulated by the Food and
Drug Administration is provided sterilely; untreated
donor tissues are pre-treated with a low dose of gamma
radiation.

Cadaveric costal cartilage is especially used to
support and lift the dorsum of the nose. The advantages
include no additional intervention, reduced operating
time and the ability to supply in desired quantities.

Its main disadvantages are resorption and curvature.
The rate of resorption varies across studies. During
preparation, the cartilage is irradiated with 30-50
thousand Gy. It is believed that with increasing
radiation power, collagen damage increases and
resorption increases accordingly.?

Fresh frozen cadaveric costal allografts have higher
rates of resorption, infection, and non-donor site graft-
related complications compared with autologous
cartilage.

Statistics on this topic are very contradictory.
Absorption rates ranging from 1 to 75% have been
reported in the long term (5 years or more).*
Resorption can be mild-moderate-complete. It is
impossible to predict the resorption process for each
patient at the same time.

Infection. It occurs from 1 to 9%. It can often be
controlled with antibiotics. In rare cases, the graft may
need to be removed.*!

- Curvature. It is rare when the central part of the
cartilage is used or grafts are prepared using the
oblique section method.®? Before using the
cartilage, it should be kept in saline solution for
about 45 minutes and then checked.

Large saddle nose defects are reconstructed using
bone graft materials that provide adequate structure for
reconstruction. Of the bone allografts, lyophilized
Freeze-Dried Allograft Bone is currently used because
it is strong enough to provide structural support and
overcome soft tissue resistance.®®

AlloDerm is a lyophilized sheet of human dermis
collagen matrix and allows the ingrowth of host tissue
is a good alternative to autogenous dorsal rhinoplasty.3*
Partial AlloDerm absorption, is a definite
disadvantage.

Alloplastic materials can be used successfully for
dorsal augmentation if both the patient and the surgeon
understand the risks involve.® The most commonly
used alloplastic materials for either aesthetic or
reconstructive rhinoplasty include silicone, expanded
polytetrafluoroethylene (Gore-Tex; W. L. Gore and
Associates, Flagstaff, Ariz.), or porous high-density
polyethylene (Medpor; Porex Medical, Fairburn,
Ga.).35'37

Each of these materials has unique structural and
biocompatibility qualities and therefore has been used
for various procedures and indications. As such,
different outcomes and complication profiles can be
expected when using any of these materials for
procedures involving the underlying nasal
architecture.®®

Silicone implants should not be used for the tip of
the nose because it is unable to build the underlying
structure, thereby causing an unnatural result and
potential side effects.

Xenograft costal cartilage is rarely used because of
significant resorption from strong host immune
reactions to foreign antigens in the graft.

Rhinoplasty uses hyaluronic acid (HA) due to its
effectiveness and short recovery time,****2 but HA filler
injections are not without complications: blindness and
skin necrosis have been reported as a result of nasal
filler injections and injection site reactions; infection;
hypersensitivity; vascular disorders, etc.*

In aesthetic rhinoplasty for minor contour
deformations of the nasal surface, liquid cartilage is
also used and its use is a microinvasive procedure.*
Liquid cartilage grafts are more flexible for filling
lesions, they are prepared from septal, lateral or less
commonly conchal cartilage and are inserted through a
needle from the surface of the skin or mucosa shell into
the defect area without any incision or raising a skin
flap.*>4® Its disadvantage is poor mechanical stability
and rapid decomposition, leading to wrinkling and
deformation.

Currently, nasal lipofilling using autologous fat is
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one of the minimally invasive methods for correcting
the aesthetics and contour of the nose; this method is
effective, is a relatively low-morbidity and has a low
incidence of complications.*’-*° Fat injection has been
used for over 20 years in facial soft tissue corrections.*°
Mild complications that did not require additional
treatment or surgery were reported.>®5t,

Despite the growing popularity of fat injections for
aesthetically improving the shape of the nose, there is
no consensus on the advantages and disadvantages of
fat injections.

Aesthetic rhinoplasty also uses platelet-rich fibrin
(PRF) without cartilage or mixed with high-density
fat.52% Platelet-rich fibrin reduced the rate of
resorption of sliced cartilage on the dorsum of the nose,
either increasing its viability or maintaining its
shape.%*%

The use of platelet-rich fibrin in combination with
diced cartilage for dorsal camouflage and
augmentation, tip management and revision
rhinoplasty have shown good results.® PRF plays a
role in stimulating the healing cascade of tendon,
muscle cartilage and bone regeneration.>

The use of PRF in combination with allogeneic
nasal septal cartilage had a positive effect on wound
healing, reduced postoperative edema, and improved
aesthetic results.

Despite significant advances in biomedical
engineering, the ideal transplant material has not yet

been created. The physical properties of the graft must
match those of the recipient site with proportionate
levels of stiffness or flexibility. The surface properties
of the graft should facilitate the attachment of
surrounding connective tissue without excessive
mesenchymal infiltration and capsule formation.

Dorsal augmentation in rhinoplasty remains a
complex and demanding art. Modern technologies
allow the use of both autografts and allografts. Various
graft materials have been described, each of which has
limitations and advantages.
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HCIHOJIb30BAHUE TPAHCILUIAHTATOB IPH JIOPCAJIBHOM AYTMEHTAIIMOHHOM
PUHOIIJIACTHUKE

Apmen Apytionsa?
L Tlnactmueckuit xupypr, MemunuHcKuil IEHTp ACTXMK, Kadeapa YeNrOCTHO-IMIEBOW XUpypruu, EpeBanckuii
roCy/IapCTBEHHBIN MEIUIIMHCKUNA yHUBEpCUTET uM. M. I'epann, Apmenus

AOcTpakT
BBenenne: B puHOIMIACTHKE IIUPOKO HCIIONIB3YIOTCS Pa3IMYHbIC TPAHCIUIAHTAIIMOHHbBIE MaTepuaibl. OHAKO BHIOOP
ONTUMAJIBHOTO MaTepHalia B Pa3IMYHBIX KIMHAYECKUX CHTYAlUSX OCTAeTCS HPEIMETOM IHMCKYCCHi. ABTOp
AHAIN3UPYET UMEIOLIYIOCS JINTEPATYPY O Pa3IUYHbIX MaTepHalaX, HCIOIb3yEMbIX B PUHOILIACTHKE, YTOOBI OLICHUTD
NPEUMYILECTBA U HEAOCTATKH KaXK/I0TO U3 HUX.
MeTtoasi: /[ aHanu3a nurepatypsl ObUT IPOBEACH MOUCK Ha BeO-caiitax Cochrane Library, Embase u PubMed. B
Ka4yeCTBE KITFOUEBBIX CJIOB JJIsI TIOMCKA MCIIOIb30BAIUCH ayTOTPAHCIUIAHTAT (TIEPErOPOIOYHbIH XPSIl, YITHOW XPSIIL,
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peOepHBIN XPpsII), AUTOTPaHCIIaHTAT, KOCTHBIC TPAHCIUIAHTATHI, TPAHCIUIAHTATHI MATKHX TKaHew, PRP, >xumxwmii
XpAll, puHOQWUIEPHl W AIOIIACTUYECKUE HMMILIAHTATHI, ONCHUBAIUCH 3PPEKTUBHOCTh MPUMEHEHUS KaXKIIOTO
MaTepuana, pe3ylbTaThl pE30pOLNH, OCIOXKHEHHS, (YHKIHOHAJIbHAS M OSCTCTUYECKAs YIOBICTBOPEHHOCTD
narueHToB. M3 127 crareii, pacCMOTPEHHBIX B aHAJIN3e, ObUINA BKJIFOUEHBI 57 CTaThH, COOTBETCTBYIOIINE KPUTCPUSIM
BKJIFOUCHUS.

AYTONIOTHYHBIE  XPAIICBbIC TPAHCIUIAHTATHI  IMUPOKO  HCIONB3YIOTCSA  JUIS  JIOPCAIbHOH  ayrMEHTAIIWH.
AyTOTpaHCIUIAHTATBI MOTYT OOECIEUUTh PA3IMYHOE KOJMYECTBO XPsIlla, KOTJa TPeOyeTCs BBICOKAs CTPYKTypHAas
CTaOMILHOCTD, MOKHO UCIIOJIE30BaTh KOCTh. OIHAKO ONIEPAITHs IO B3STHIO XPAIICBOTO Ay TOTPAHCIIAHTATa HE BO BCEX
CIy4asx MpuemieMa Uil MalUeHTOB H3-32 IMPOJOJDKUTEIBLHOCTH OIEpallii M MOXET BBI3BaTh HENPUSATHBIC
OCJIOKHEHMSI Ha JIOHOPCKOM YyYacTKe, TaKWe KaK TPOJOJDKUTEIbHAs O00Jb, ITHEBMOTOPAKC, pyOlieBaHUE.
AJBTEpHATHBON ayTOTPAHCIUIAHTATY SBISIOTCS AJUIOTPAHCIDIAHTATHI (OONy4YeHHBIE W HEOONy4YeHHbIE pebpa), a
OCCKIICTOYHBIN IEPMAITLHBIA MATPUKC HMEET TO MPEHMYIIIECTBO, YTO UCKIFOYAEeT HEOOXOIUMOCTD B JIOTIOJIHUTEIIEHOM
XUPYPTUYECKOM yUYacTKe.

BoiBoabi: C MOMOIIBIO 3TOTO BCECTOPOHHETO 0030pa aBTOPHI HAJICKOTCS MPOSCHUTH BBIOOP Hanboliee ONTUMATIHLHOTO
MaTepuaia, KOTOPBIH CMOMKET MO3BOJIUTH XHUPYPTy MONYYHTh CTAOMJIBHYIO apXUTEKTypy HOCA, ONTHUMAaJIbHEBIC
JCTETUYCCKUE U (YHKIMOHAIBHBIC pe3ynbTaThl. HeoOXOMMBI MalbHEHIIHE HWCCICIOBAaHUS, YTOObI YCTAHOBUTH
YCTKUC pCKOMCHAAINHU 110 BI)I60py moAXoAAICro MaTepuajia ajd puHOILIaCTUKH.
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Abstract
The quality of a dental implant depends on the properties of the surface and contributes to the osseointegration of
the implant into the bone tissue. In modern implantology, titanium and titanium alloys are widely used for the
manufacture of various implants due to their good mechanical properties and biocompatibility. TiO from fabricated
implants may lose its ability to bioactively integrate into bone after storage for less than 2 weeks, during which
degradation of biological activity occurs. To optimize osseointegration, various methods are proposed for
modifying the surface of implants by creating titanium-based micro- or nanostructures.
The purpose of this review is to discuss Ultraviolet Photofunctionalization of implant surface modifications, its
effect on osseointegration and antibacterial properties. The following databases were included in the systematic
search of the relevant literature: PubMed, Embase, AWMF Online, National Clearing House, International
Guidelines Network and Cochrane Library. The following search criteria were used: surface modifications of
implants, improve osseointegration of dental implants using ultraviolet photofunctionalization, effect of UV-
photofunctionalization to improve antibacterial properties of dental implants, photofunctionalization of implants in
the complex of prevention of peri-implantitis. A total of 50 articles were included that examined the effect of the
application of UV radiation on dental implants were included in our study.
The results of a systematic review showed Ultraviolet Photofunctionalization helps improve osseointegration of
implants and has antibacterial properties which is critical for implantologists, and to assist clinicians in selecting
the most appropriate implants to improve implant success and survival.

Keywords:surfacemodificationsof implants; UV-photofunctionalizationantibacterialpropertiesof dentalimplants.

are excellent.! However, primary implant failure due to
insufficient osseointegration occurs in 1-2% of patients
during the first few months due to peri-implantitis,
secondary implant failure develops several years after
successful osseointegration in about 5% of patients.?®

Dental implants have now become the standard
procedure for replacing lost teeth, providing many
benefits, the long-term survival rates of dental implants
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Among the factors that play an important role in the
osseointegration of a titanium dental implant is the
implant surface, and it is known that with the use of
various methods of implant surface modification, the
osseointegration process can be optimized.*

To accelerate early osseointegration and increase
the efficiency of bone-to-implant contact, biomedical
research is aimed at modifying the bioactive properties
of the surface.’

The TiO surface of the implant is able to integrate
with the bone. The surface layer of a titanium implant
turns into titanium dioxide (TiO2) immediately after
exposure to oxygen or atmospheric air.*

Titanium implants are subject to temperature
fluctuations during production, transport and storage.
TiO from fabricated implants may lose its ability to
bioactively integrate into bone after storage for less
than 2 weeks, during which degradation of biological
activity occurs.® This action renews the biological
reactivity of titanium implants, which was lost after
production and storage in air, improves the
osteointegration properties of the implant surface.

Coating the surface of a dental implant promotes
osseointegration of the implant into the bone tissue.”®

The fact that modification of the implant surface
can affect the success of osseointegration has been
proven in various studies.'®

Implant surface modification is used to change it the
surface energy, resulting in improved hydrophilicity,
increased cell proliferation and growth, and an
accelerated osteointegration process.*!2

All of the above methods lead to an increase in the
surface area of the implant while contributing to the
improvement of the hydrophilicity of the surface.**®

According to Goyal et al., treatment of the surface
of the implant can simultaneously increase the surface
area of the implant, improve the migration of cells and
the surface of the implant, and also strengthen the
process of osteointegration.*

It has been shown that surface treatment of implants
significantly increases the surface area and can have a
good effect on implant osseointegration.*>’

Currently, to promote osseointegration for
successful implant therapy, wvarious methods of
modification of titanium implants are used.'®

Surface modification methods include oxidation or
additive processes, such as obtaining micropits on the
implant surface by plasma deposition of titanium
powder, hydroxyapatite and calcium phosphate

deposition, surface acid treatment (SLA), as well as ion
deposition methods, electrochemical treatments
(anodic oxidation), micro-arc oxidation, vacuum
procedures, physical methods: alkaline heat treatment
(AH) and laser melting.1%%

UV irradiation, or photofunctionalization, is one of
the latest surface treatment techniques to promote
osseointegration of implants.??

The phenomenon of photofunctionalization (FF),
first described in 2009, is defined as a general
phenomenon of titanium surface modification after
ultraviolet (UV) irradiation, which changes the
physical and chemical properties of the implant surface
from hydrophobic to superhydrophilic, which
positively influences osteointegration and strengthens
the initial attachment of osteoblasts to the implant
surface. 224

UV radiation has been used for many years in
industrial and medical technology to disinfect various
surfaces. The biological effects of exposure to UV
radiation on implant surfaces are defined as
photofunctionalization, which is a simple and effective
method to promote osseointegration.?

UV  irradiation transforms the naturally
hydrophobic  properties of Ti surfaces into
superhydrophilic ones.?®

Exposure to UV radiation generates surface energy
on the surface of the TiO implant, which converts water
into hydroxyl radicals, hydrogen and oxygen. Research
data have shown that pre-treatment of titanium with
UV light significantly increases its osteoconductivity
due to improved UV catalytic removal of hydrocarbons
from the TiO2 surface, which implies the
photofunctionalization of titanium, which allows faster
and more complete establishment of bone-titanium
integration.?’2°  Ultraviolet radiation causes the
formation of an electrostatic state of titanium surfaces,
the transformation of the surface from hydrophobic to
superhydrophilic, the activation of protein absorption,
and an increase in the activity of fibroblasts and
osteoblasts. Hydrophilicity can enhance the initial
attachment of osteoblast cells to the implant surface.*®

The change in the properties of the implant surface
from  hydrophobic  to  hydrophilic  during
photofunctionalization was checked by lightly
immersing the two implant surfaces in distilled water.!

Photofunctionalization ~was  confirmed by
observing how water rose on the surface of the
photofunctionalized implant immediately after
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Akiyoshi Funato and Takahiro Ogawa in 2013 for
the first time in clinical cases studied the effect of
photofunctionalization on implantation success,
healing time, osseointegration rate and changes in the
level of marginal bone around the implant 1 year after
restoration. In this study, the authors reported that
photofunctionalization accelerated and enhanced the
osseointegration of titanium dental implants in a
variety of clinically complex/impaired bone conditions
and resulted in the preservation of the level of marginal
bone around the implant s reported the need for long-
term large-scale clinical studies.®

The accumulation of pathogenic microorganisms
on dental implants and their components can stimulate
inflammatory reactions in peri-implant tissues.
Bacterial infections remain the leading cause of
implant failure.

Peri-implant mucositis and peri-implantitis are the
most common complications of dental implants
estimated at 29.48% and 9.25% of dental implants,
respectively.®

Dental implant placement takes place in an oral
environment that harbors an abundance of biofilm-
forming bacteria. Due to its transmucosal location, part
of the implant structure is exposed to the oral cavity
and there is no effective way to prevent bacterial
attachment to the implant materials. The development
of infections during the early healing phase is
considered a risk factor for the osseointegration
process, causing higher rates of early implant
failure 3738

UV irradiation of titanium surfaces of implants
demonstrated an antimicrobial effect, positively
reduced the number of pathogenic bacteria in the
periodontium due to enhanced photocatalytic
properties, which.*

Photofunctionalization also reduces the amount of
attachment/accumulation of bacteria on the surface and
components of the implant, thus may have an
antimicrobial effect.*0-42

A recent report showed that implants are exposed to
a complex environment, microbiota of the oral cavity,
photofunctionalization of Ti surfaces can reduce the
attachment and formation of monotypic biofilms of
Staphylococcus aureus and Streptococcus pyogenes,
the main pathogens of implant infections.*

It is known that ultraviolet radiation also has an
antimicrobial effect due to photochemical reactions,
affecting the DNA of bacteria.* Irradiation of titanium

surfaces with UV light showed an antimicrobial effect
due to the enhancement of photocatalytic properties
that suppress periodontopathogenic bacteria. UV
radiation reduces the adhesion of bacteria to the surface
of the TiO implant and can increase the attachment of
epithelial cells to TiO.*

Photofunctionalization of implants is currently also
used in the complex of prevention and treatment of
peri-implantitis.*®

UV treatment decomposes organic compounds and
reduces bacterial adhesion of Streptococcus
sanguinis.*’

Photofunctionalization not only increases the
interaction of the implant surface with the surrounding
bone, which promotes osteointegration, but at the same
time minimizes bacterial colonization, reducing the
risk of biofilm formation.

It is known that ultraviolet radiation also has an
antimicrobial effect due to photochemical reactions,
affecting bacteria. A recent report showed that UV-
modification of Ti surfaces can reduce the attachment
and uniform formation of biofilms of Staphylococcus
aureus and Streptococcus pyogenes, the main causative
agents of implant infections.*®

UV radiation reduces the adhesion of bacteria to the
surface of the TiO implant, it can increase the
attachment of epithelial cells to the surface of the
implant and the formation of a biofilm, suppressing the
growth of bacteria.*

Due to UV, the adsorption of plasma proteins is
enhanced and the attachment, distribution and
proliferation of osteogenic cells are improved, which
can reduce the time of dental implantation.®

Various methods are adopted to improve
osseointegration. UV photofunctionalization is one of
the advanced methods for modifying the surface of
implants. This method can change the wettability of the
surface and eliminate hydrocarbons formed as a result
of aging on the implant surface, can enhance cell
migration, attachment and proliferation, promote
osseointegration and compaction of coronal soft
tissues, and also has an antibacterial effect by
preventing the formation of biofilm on the implant
components, thereby playing vainut role in the
prevention of peri-implantitis. In order to exploit the
results of UV photofunctionalization, additional
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clinical trials targeting complex implantation cases are
needed in the future.
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nimpudwbnyuljugnyyl PnunndnLiyghnbwugdue dhongny, niumpudwbnywljugnyyi
dnunndnLijghnbuqugiwd wgnbgngmitp wnwdbwpnidujut hdyubmbtph hwupuluntiphug
hwnnignibitiph puptpuddwt hwdwp, hdwyubmdtph  $nnndniighntiwugnid - yhphhdwyjuiinhwunh
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BJIUAHUE YO-OPOTOPYHKINOHAINIAIUU TIOBEPXHOCTHU JEHTAJIBHOTI'O UMIIJIAHTATA
HA OCTEOUHTEI'PAIIMIO 1 AHTUBAKTEPUAJIBHBIE CBOMCTBA: CHCTEMATUYECKHWI
OB30P

Hawupa F'amGapsin’
L TIpemomaBatens Kaenapbl XUPYPIUYECKOH CTOMATONOTHS YEIFOCTHO-IMIEBOM XUpyprum, EpeBaHcKuii
roCy/IapCTBEHHBIN MeAUIIMHCKUN yHUBepcuTeT uM. M. I'epanu, EpeBan, Apmenus

AOCTpaKT
KauecTBO JEeHTATBHOIO HWMIUIAHTaTa 3aBUCHT OT CBOMCTB IOBEPXHOCTH U CIIOCOOCTBYET OCTEOMHTETPAIUU
WMILIAHTATa B KOCTHYIO TKaHb. B COBpEMEHHOM MMITJIAHTOJIOTMY TUTAH ¥ TUTAHOBBIE CILIABBI ITMPOKO UCTIONB3YIOTCS
JUIS W3TOTOBJICHUS Ppa3iMYHBIX WMIUIAHTATOB OJiarojaps CBOMM XOpPOIIMM MEXaHHWYECKUM CBOWCTBAM H
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o6uocoBmectTuMocTd. TiO W3 W3TOTOBIEHHBIX HWMIUIAHTATOB MOXXET TMOTEPSATh CIOCOOHOCTh OHOAKTHBHO
WHTETPUPOBATbCS B KOCTh TOCJIE XpaHEHHS MeHee 2 Helellb, B TEYeHHE KOTOPOTO MPOUCXOIUT Aerpaiariys
OMOJOTHYECKOH AaKTUBHOCTU. /[ ONTHMH3aIMM  OCTEOMHTETrPALMM  IPEATIAaraloTCsl pa3IndHble METOBI
MOJTU(HUKALNY TOBEPXHOCTH UMIUIAHTATOB MTyTEM CO3/IaHHSI MUKPO- WIIM HAHOCTPYKTYP HA OCHOBE TUTAHA.

Henpto pmanHOro o630pa sBisieTcs oOCykaeHHe ynbTpaduonaeToBol (GoTopyHKIMOHANIM3AINA MOAUDUKALIHA
MOBEPXHOCTH MMIUIAHTATOB, €€ BIMSHHS HAa OCTCOMHTETPAllIo U aHTHOAKTepHalIbHbIe CBOMCTBA. B cucremarmuecknit
MOKUCK COOTBETCTBYIOIIEH JMTEPATYphl ObUTH BKJIIOUEHBI CleAyiomue 0a3pl maHHbix: PubMed, Embase, AWMF
Online, National Clearing House, International Guidelines Network u Cochrane Library. B kauectBe kputepuen
MONCKa KCIIONB30BAJIMCH CIEAYIOIINE KPUTEPHH MOUCKA: MOAW(GUKAIMA MOBEPXHOCTH UMILIAHTATOB, YIIy4lICHHUE
OCTCOMHTETrpallK ACHTAJIbHBIX HUMIUIAHTATOB C MOMOIIBIO YIbTpaduoneToBol GoTodyHKIHOHATH3AIUH, YPPEKT
Y®-poropyHKunoOHATM3AMNKA ST YIYUIICHUS aHTHOAKTEPHAJIbHBIX CBOWCTB JEHTAIBHBIX HMIUIAHTATOB,
(doToQyHKIIOHATH3AMNS UIMIUIAHTATOB B KOMILIEKCE TPO(MIAKTUKY IEPUUMITIaHTUTA. Beero B Hallle uccneoBaHue
Obuto BkmroyeHo 50 crareil, B KOTOPBIX pacCMaTpUBAJIOCh BIUSHHE NpHMeHeHHs YD-u3imydeHus Ha 3yOHBIE
UMIUTaHTATHI.

Pesynbrathl cucTemMaTHueckoro o03opa TOKazai, 4To YyibTpaduoneToBas (GOTOQYHKIMOHANM3AIUS BIUSET
CIIOCOOCTBYET yIYUIICHUIO OCTEONHTErPALlUH B 00J1a1aeT aHTHOAKTepHATLHBIMU CBOMCTBAMH, YTO HMEET PElIalolee
3HAYCHUC IS HMIIIAHTOJIOIOB, a TaKXKE ITIOMOra€T KJIMHUIIMCTaM B BI)IGOpC HaI/I6OJICC noaAXo X UMIIJIAHTATOB AJIA
yIy4IIeHUs ycIiexa U BBDKMBAEMOCTH HMIUIAHTATOB.
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Abstract

The anatomy and morphology of the location of the location of the mental neurovascular bundle varies significantly
among populations and is largely dependent on many factors, such as the developmental process as well as
comorbidities and diseases. Due to the need of practical health care in express methods of finding the main
projections of the neurovascular bundles and associated foramen, morpho-analytical modeling of the method of
finding the projection of the mandibular foramen on the skin of the mandible was performed. At the request of
ultrasound diagnosticians and maxillofacial surgeons, an attempt was made to calculate a unified point of projection
of the subchondral neurovascular bundle as a reference point for research and evaluation of the effectiveness of the
therapeutic process of mandibular fracture.

We have obtained a coordinate system that can be projected both on the patient's facial skin and on the CT data.
Clear positioning of the chin neurovascular bundle will allow to perform both diagnostic, for example, the study of
blood flow velocity of vessels during ultrasound examination in acute trauma, in persons with increased body mass
index, and treatment, for example, nerve blockade, manipulations with greater accuracy and safety for the patient.

Keywords:morphometric study; morphologic study; chin neurovascular bundle.
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Today facial traumas continue to be an urgent
problem in dentistry and maxillofacial surgery.
Epidemiologic studies of Russian and foreign sources
show a twofold increase in cases of bone injuries of the
maxillofacial region (MFR) over the last thirty years,!?
and the share of mandibular injuries in relation to the
total number of injuries varies between 3.2 and 8%.%°
It should be noted that the frequency of mandibular
traumatism in the Russian Federation over the last
twenty years continues to remain at a high level
without a downward trend.® Injuries to the bones of the
facial skeleton belong to socially significant problems
because they often lead not only to functional
impairment, but also to aesthetic impairment. Such
disorders can lead to disfigurement, which brings a
person not only physical but also psycho-emotional
suffering.’

Most often the working-age population (18-44
years old) is exposed to mandibular trauma, which
makes the problem socially significant. Treatment of
such fractures usually consists in immobilization of the
fragments by applying bicuspid splints. This method of
treatment is orthopedic and accounts for up to 87% of
cases.®® The fundamental criterion for a positive
treatment outcome is the presence of consolidation,
which is determined by radiographs or computed
tomography. However, this method of diagnostic
examination does not fully assess the restoration of
mandibular integrity in mandibular fractures, as well as
the normalization of blood flow.°

One of the objective criteria for the restoration of
bone integrity is the normalization of blood flow,
especially if the fracture line includes the outlet orifice.

The use of Doppler sonography is a clear tool for
assessing the healing process. In the study by Mancini
JC et al. (2016), it was shown that bone atrophy on the
background of jaw fracture slows down the blood flow
velocity in the facial and, predominantly, mental
arteries compared to healthy ones.!

The aim of this study is to develop a protocol for
finding a unified point of projection of the mental
neurovascular bundle as a reference point for research
and evaluation of the effectiveness of the treatment
process in mandibular fractures.

The study was carried out on the passported
anatomical material of the Department of Operative
Surgery and Topographic Anatomy of the N. V.
Sklifosovsky Institute of Clinical Medicine of the I. M.
Sechenov First Moscow State Medical University
(Sechenov University). 100 adult cadavers heads with
preserved bite height were included in the study.
Avrterial staining was performed using liquid, colored,
solidifying, natural silicone injected into the common
carotid artery on both sides (Kleiwer, RF) to enhance
clarity. Previously frozen objects were slowly thawed
naturally, and 24 hours later, immediately before
infusion, the vessels without pronounced pressure were
washed with a mixture of warm physiological solution
and heparin to remove potential thrombizing elements
and prevent intravascular damage. After obtaining
fluid flow through the opposite artery, the vascular bed
was considered ready for injection. Injection of scleral
vessels as well as alveolar branches was considered as
a staining criterion. At the end of staining, the object
was left at room temperature for 3 hours, then the
necessary examinations were performed, followed by
dissection and visualization of the result.
Measurements were performed on the skin of the lower
third of the face using a ruler and caliper. To find the
projection of the jawline and, consequently, the jawline
neurovascular bundle on the skin of the lower third of
the face, we measured the main bony landmarks of the
mandible on the proposed points: A-C; R-Pm; I-Mm.

These landmarks were the following points:

=

| - point projecting to the suture between the

oculomandibular process of the zygomatic bone

and the body of the maxilla;

M - edge of the mandible;

I-M - perpendicular drawn between these points;

C - head (condyle) of the mandible;

A - angle of the mandible;

C-A - length of the mandibular branch;

R - projection on the middle of mandibular branch

length along the longitudinal line A-C;

 Pm - point corresponding to the mental
protuberance (protuberantio mentalis);

1 R-Pm - line drawn from the middle of mandibular
branch to the mental eminence;

1 Fm - point of intersection of lines R-Pm and I-M,

corresponding to the front from the crossing of the

mental aperture area.

=A =2 =2 =8 =4 =4
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To verify the conception, the smallest and largest
limits of values, the error of the mean M and the
standard deviation were determined. At the preparatory
stage, marks were made in the projection of the points

we proposed for landmarks (Figures 1a, b).

Next, a layer-by-layer dissection was performed in
the Fm point (foramen mentalis) to determine the
projection zone (Figures 2a, b).

Figure 1a, b.Dermal construction of projection lines between the landmark points

Figure 2a, b.Dissection of the area of the mental aperture and the arteryeafdme namghe af- facial artery,
a.facialis, was exposed for verification).

Spearman’s correlation coefficient and Mann-
Whitney U-criterion were used in statistical data
processing. Differences at p<0.05 were considered
statistically significant. The values of the correlation
coefficient that are at least average in strength and
>0.500 were considered.

Clinically, the technique was tested by
superimposing a projection through ultrasound of the
jawline region. Patients of both sexes were marked on
the facial skin in the form of 3 intersecting lines using
the above-described technique (Figures 3a, b).

Figures 3a, b.Schematic of determining the projection of the mental aperture by anatomical points on the
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In the area of intersection of two lines: blue (I-M)
and green (R-Pm), we determine the exit point of the
jawline (Fm). To confirm the theory, an ultrasound
examination was performed on a Hitachi Aloka Noblus
(Hitachi, Japan), using a linear high-density transducer

with a frequency of 5-18 MHz. The study was
performed in B-mode (black and white), color Doppler,
energy Doppler, spectral Doppler (spectrum of arterial
and venous blood flow) (Figure 4).

Figure 4. Determination of the location of the mental artery relative to the preformed markings using Doj
flowmetry

Metric data were presented as mean + standard
deviation. Multiple comparisons were preformed using
non-parametric test Mann—-Whitney. The p-value less
than 0.05 was considered significant.

The height (working length) of the mandibular
branch from the condyle "C" (mandibular head),
clinically determined subcutaneously by palpation
anteriorly from the external auditory canal through the
mandibular excursion to the protruding point of the
angle "A", was analyzed to calculate the given
parameters. The following limits were obtained
according to skull type: Dolichocrania, n=31,
Brachycrania, n=34, Mesocrania, n=35. On average,
the height of the mandibular branch was 5.87+0.3 cm.
To test the hypothesis about the significance of the
limits of branch length between cranial index types, i.e.
whether the zone of crossed values between two series
is small enough, the Mann-Whitney U-criterion
between groups was calculated.

Thus, when comparing mesocrania and
dolichocrania the obtained empirical value of Uamp (0)

was in the zone of significance at p<0.05. However,
when comparing mesocrania and brachycrania the
obtained empirical value of Uamp (2) was in the zone
of insignificance at p<0.05. Comparing dolichocrania
and brachycrania the obtained empirical value of Uamp
(0) was in the zone of significance at p<0.05.

The next landmark was chosen as the distance
between points I, which corresponds to the lower edge
of the orbit, and more precisely to the suture between
the maxillary oculomandibular process and the
zygomatic bone. Clinically, it can be additionally
determined by the fossa located below the canine fossa
with the suborbital neurovascular bundle, the
compression of which causes hyposthesia and
paresthesia in patients.

On average, the distance from the suture between
the oculomandibular process of the zygomatic bone
and the body of the maxilla to the lower edge of the
mandible was 77.87+9.93 cm. To test the hypothesis
about the significance of length limits between cranial
index types, that is, whether the zone of crossed values
between two rows is small enough, the Mann-Whitney
U-criterion between groups was calculated.

Thus, comparing mesocrania and brachycrania, the
obtained empirical value of UEmp (0) was within the
zone of significance at p<0.05. Comparing
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dolichocrania and brachycrania, the obtained empirical
value of UEmp (0) was within the zone of significance
at p<0.05. Evaluating mesocrania and brachycrania the
obtained empirical value of Uemp (0) was in the zone
of significance at p<0.05. Thus, a persistent statistical
difference between the distance from the suture
between the ocular process of the zygomatic bone and
the body of the upper jaw to the lower edge of the lower
jaw is determined. This index plays an important
clinical role in calculating the danger and safety zones
for injection and in performing operations in the
maxillofacial region.

To create a target, point coinciding with the
projection of the mandibular foramen and the
neurovascular bundle of the same name, a line was
drawn through the mid-length of the mandibular
branch along the A-C length from point R to the Pm
(protuberantio mentalis). Clinically, this line is
projected onto the skin and runs obliquely along the
body of the mandible. Averaged, the distance from the
mid-length of the mandibular branch to the chin
eminence was 106.21+10.26 cm. To test the hypothesis
about the significance of length limits between cranial
index types, that is, whether the zone of crossing values
between two rows is small enough, the Mann-Whitney
U-criterion was calculated between the groups.

When comparing the length at all skull shapes, the
obtained empirical value of Uamp (3) was in the zone
of insignificance at p<0.05.

From the measurement results, it can be
concluded that there is a statistical difference between
the extreme forms, dolichocrania and brachycrania,
and between mesocrania and dolichocrania. Clinically,
this has significance in the search for permanent
landmarks. According to the results obtained, the
mental artery was located immediately anteriorly at the
intersection of the perpendicular 1-M and the horizontal
R-Pm (Fig.2) As seen in the dissection, the volume of
subcutaneous fat in the study area can significantly
complicate the palpatory method of determining the
artery, especially in conditions of maxillofacial trauma.

Nevertheless, there is still an obvious relevance of
a quick and accurate search for the projection of the
main neurovascular bundles in the clinic of

maxillofacial trauma. Thus, edema, muscle traction,
features of posttraumatic deformity - all this can slow
down the necessary search and reduce the quality of
pre- and clinical stages of treatment and rehabilitation
measures. Studies show the importance of proper
positioning in facial interventions.?

Manson's point is known, which can be determined
quite easily when it is necessary to search for the
projection of the facial artery,™® but no such tactics have
been developed before for the mental neurovascular
bundle.

We have obtained a coordinate system that can be
projected both on the patient's facial skin and on the CT
data. Clear positioning of the chin neurovascular
bundle will allow to perform both diagnostic, for
example, the study of blood flow velocity of vessels
during ultrasound examination in acute trauma, in
persons with increased body mass index, and
treatment, for example, nerve blockade, manipulations
with greater accuracy and safety for the patient.
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Pe3ome

AnaTomust 1 MOP(OJIOTHS PACTIONOKESHUSA MOJAOOPOTOYHOTO COCYIUCTO-HEPBHOTO MyYKa 3HAYUTEILHO BapbUPYET
Cpemd TOMyJSIUA ¥ BO MHOTOM 3aBUCHT OT MHOTHX (PaKTOPOB, TAKMX KakK IMPOIECC Pa3BHTHS, a TAaKKE OT
COMYTCTBYIOIINX M TMEpEeHECEHHBIX 3a00eBaHuil. B CBA3M ¢ MOTPEOHOCTHIO MPAKTHYECKOTO 3APABOOXPAHCHUS B
IKCIIPECC METO/IaX MOMCKa OCHOBHBIX MPOCKIINI COCYIMCTO-HEPBHBIX MYYKOB M aCCOIMHUPOBAHHBIX OTBEPCTHI OBLIO
poBeeHO MOP(O-aHATUTHYECKOE MOICITHPOBAHKE CITOCO0A MTOMCKA MPOSKIMHU TTOA00POI0OYHOTO OTBEPCTHS Ha KOXKY
HwkHeit gemoctu. ITo 3ampocy Bpauelt Y3U-IHArHOCTHKU M YETIOCTHO-THIIEBBIX XHPYProB ObLIA TPEANPHHATA
MOMbBITKA pacyeTa YHUGDHUIUPOBAHHOW TOYKH IMPOCKIUH IMOJ0O0POAOYHOIO COCYAMCTO-HEPBHOTO IMydYKa, Kak
OpPHUEHTHPA JUISl UCCIICIOBAHUI U OIEHKU 3P (PEKTUBHOCTH JISYSOHOTO MPOIECCEe MepeioMa HIDKHEH YETFOCTH.

MBI MOIYYHITA CHCTEMY KOOPANHAT, KOTOPYIO MOKHO HMPOCIMPOBATh KaK Ha KOXY JIMIIA MMAI[MEHTa, TaK ¥ Ha JaHHbIC
KT. YeTkoe pacroiokeHne COCYAUCTO-HEPBHOTO MydYKa MOAOOPOJIKA IMO3BOJHUT MPOBOJUTH KaK ITHATHOCTHKY,
HaTIpUMep, UCCIIETOBAHNE CKOPOCTH KPOBOTOKA COCY/IOB IIPH YIBTPa3BYKOBOM HCCIIEIOBAHUY MIPU OCTPOH TpaBMe, y
JIMII C TIOBBINICHHBIM MHIEKCOM MAaCChl TeJIa, TaK U JCUCHHE, HApuMep, 0JI0Kaay HEPBOB, MAHUITYJISIIUH C OOJIbIICH
TOYHOCTBIO M 0€30ITaCHOCTRIO TS TAINEHTA.
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