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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 10μg/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. 
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Introduction  

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.1 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.2 

 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.3 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.4 

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.5 Stem cells can be found in significant 

quantities 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.6 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.7 

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.8 Angiogenesis is a well-

coordinated process consisting of a series of 

successive steps.9 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.9,10 

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.11 

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.12 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.13 

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.2,14 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 is 

straightforward, repeatable, and very cost-effective.15 

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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Materials and Method 

DPSC isolation and culture 
 

The previously established explant culture 

procedure was used to isolate and expand hDPSCs in 

vitro.16 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% CO2. 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 CO2 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 (P0). 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. 

 

Characterization of cells 
 

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 µl of the 

cell suspension (1 × 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 µl of 

PBS was used to wash. After that, samples were 

collected using the FACS analyzer. Quest Pro 

software was used for data analysis. 

 

Ozone treatment 
 

hDPSCs were exposed to 10 μg/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 × 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. Ozone machine with thin silicon tube 
 

 

Preparing the Conditioned Medium (CM)  
 

In order to collect CM, hDPSCs were seeded at a 

density of 1 × 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-α supplemented with a 1% antibiotic-

antimycotic solution without serum, and it was 

incubated for 48 hours. Culture media were filtered 

using 0.22 µm syringe filters and kept at -80°C until 

additional analysis was performed. Similarly, 

Ozonated CM media were prepared. 
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Control Group Preparation 
 

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 

 

Growth factor analysis 
 

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 µl 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 µl 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.17 

 

 

Yolk sac membrane (YSM) assay for conditioned 

medium functional evaluation 
 

As previously mentioned,18 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 µl 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. 

 

Statistical analysis 
 

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. 

 

 

Results 

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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Figure 2. Isolation and characterization of DPSCs. (A) morphological features of DPSCs. Scale bar, 100 μm (B) flow 

cytometry analysis of cell-surface markers in human DPSCs. Cells were labelled with antibodies against MSC markers 

(CD90, CD105, CD73) and hematopoietic antigens (CD34, CD45, HLA-DR). DPSCs, dental pulp stem cells 

 

 

Growth factor analysis of CM 
 

 Expression of angiopoietin-2 (Ang-2) and 

fibroblast growth factor (FGF-basic) was statistically 

significant (p<0.05) in Ozonated hDPSCs-CM 

compared to only CM. Ozonated hDPSCs-CM 

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). 

 

 
 

Figure 3. Quantitative growth factor analysis by cytometric bead array in the DPSC-derived conditioned media 

*p<0.05 **p<0.01. Angiopoietin-2 (Ang-2), macrophage colony stimulating factor (M-CSF), fibroblast growth 

factor (FGF-basic), hepatocyte growth factor (HGF), and vascular endothelial growth factor (VEGF) 
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YSM assay for functional assessment of CM  
 

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 

quantitative evaluation showed that the Ozonated 

hDPSCs-CM had a greater pro-angiogenic effect than 

other groups (Figure 4). 

 

 
 

Figure 4. Screening of angiogenesis performed by utilizing the in ovo YSM model. (A) Photographs signifying the 

areas which were compared to quantify the angiogenesis. (B) Comparative angiogenesis in terms of vessel density, 

total vessel network, total segments in hDPSC-CM and Ozonated hDPSC-CM. **p<0.01 

 

 

Discussion 

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.19,20 

The growth factors examined in this work are thought 

to be important targets for angiogenesis manipulation 

since they are necessary for angiogenesis.21 

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.22 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.23 

Oxygen is the most effective way to treat a 

compromised graft because it encourages the creation 

of new vessels.24 Low O3 concentrations induce the 

alleged eustress in terms of cellular proliferation, 

which activates cell antioxidant response pathways2  

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.25 

Clinical research has also documented the possible 

therapeutic benefits of conditioned medium obtained 

from stem cells. A prior study by Martínez et al.24 

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.26 

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.27 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.28 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.24 

Dental stem cell-derived CM with growth factors and 

their potential in different physiologic and pathologic 

processes have been the subject of numerous 

investigations.22 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 O3 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. 

 

 

Conclusion 

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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ԳԱԶԱՅԻՆ ՕԶՈՆՈՎ ՄՇԱԿՎԱԾ ՄԱՐԴՈՒ ԱՏԱՄԻ ՊՈՒԼՊԱՅԻ ՑՈՂՈՒՆԱՅԻՆ ԲՋԻՋՆԵՐԻ 

ՍԵԿՐԵՑՈՒՄԸ ՈՒԺԵՂԱՑՆՈՒՄ Է ԱՆԳԻՈԳԵՆԵԶԸ ՀԱՎԻ ՍԱՂՄԻ ՄՈԴԵԼՈՒՄ 

 

դոկտոր Լավանյա Պասալկար,1 պրոֆ. Սունիլ Միշրա,1 դոկտոր Պալլավի Չաննե,1 դոկտոր Սանտոշկումար 

Մաստուդ,1 դոկտոր Վայբհավի Ռաուտ,1 դոկտոր Ավինաշ Սանապ,2 դոկտոր Ավինաշ Խառատ2 

 
1. Բերանի խոռոչի բժշկության և ճառագայթաբանության բաժին, դոկտոր Դ. Յ. Փաթիլի 

ստոմատոլոգիական քոլեջ և հիվանդանոց, դոկտոր Դ. Յ. Փաթիլ Վիդյափեթ, Պունա 411018, 

Հնդկաստան 

https://www.ncbi.nlm.nih.gov/books/NBK482485/
https://www.ncbi.nlm.nih.gov/books/NBK482485/
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2. Վերականգնողական բժշկություն, դոկտոր Դ. Յ. Փաթիլ Վիդյափեթ, Պունա 411018, Հնդկաստան 

Ամփոփում 

Ներածություն. Օզոնն ավելի տարածված է դարձել բժշկության մեջ ամբողջ աշխարհում՝ որպես տարբեր 

հիվանդությունների բուժման օժանդակ մեթոդ: Օզոնի և hDPSCs-CM-ի համադրությունը կարող է 

ուժեղացնել անգիոգենեզը՝ իրենց սիներգետիկ գործողության շնորհիվ, ինչը հանգեցնում է աճի գործոնի 

արտահայտման ավելացման: 

Նպատակը. Հետազոտության նպատակն էր գնահատել օզոնով մշակված մարդու ատամի պուլպայի 

ցողունային բջիջներով պայմանավորված միջավայրի անգիոգեն ներուժը (hDPSCs-CM): 

Մեթոդներ. հեռացված ատամից մեկուսացվել են HDPSC-ները: Անցված չորս բջիջները բնութագրվել են 

հոսքի ցիտոմետրիայով, այնուհետև ենթարկվել են 10 մկգ/մլ գազային օզոնի կոնցերտացիայի: 

Պայմանավորված միջավայրը (CM) ստացվել է մշակված բջիջներից, և կատարվել է աճի գործոնի 

վերլուծություն: Օզոնացված hDPSCs-CM-ի ֆունկցիոնալությունը գնահատվել է Chick Yolk Sac Membrane 

(YSM) վերլուծությամբ: 

Արդյունքներ. անոթային էնդոթելիային աճի գործոն (VEGF): In-ovo YSM փորձարկումը բացահայտեց 

զգալիորեն ավելի մեծ պրոանգիոգեն ներուժ՝ կապված օզոնացված hDPSC-CM-ի հետ: 

Եզրակացություն. Օզոնացված hDPSCs-CM կարծես ամենաարդյունավետ աղբյուրն է անգիոգենեզի 

առաջացման համար: 
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Резюме 

Введeниe: Озон стал более распространенным в медицине по всему миру в качестве вспомогательного 

метода лечения различных заболеваний. Комбинация озона и hDPSCs-CM может усиливать ангиогенез 

благодаря их синергическому действию, что приводит к увеличению экспрессии факторов роста. 

Цель: Целью исследования было оценить ангиогенный потенциал обработанной озоном среды, 

кондиционированной стволовыми клетками пульпы зуба человека (hDPSCs-CM). 

Методы: HDPSC были выделены из удаленного зуба. Пассированные четыре клетки были охарактеризованы 

с помощью проточной цитометрии, а затем подвергнуты воздействию 10 мкг/мл газообразного озона. 

Кондиционированную среду (КС) получали из обработанных клеток и проводили анализ факторов роста. 

Функциональность озонированных hDPSCs-CM оценивали с помощью анализа мембраны куриного желтка 

(YSM). 

Результаты: Oзонированные hDPSC-CM имели значительно более высокую (p<0,01) экспрессию 

ангиопоэтина-2 (Ang-2), фактора роста фибробластов (FGF), фактора роста гепатоцитов (HGF), фактора 

стимуляции колоний макрофагов (M-CSF) и фактор роста эндотелия сосудов (VEGF). Анализ YSM in-ovo 

выявил заметно больший проангиогенный потенциал, связанный с озонированным hDPSC-CM. 

Заключение: Oзонированные hDPSCs-CM являются наиболее эффективным источником индукции 

ангиогенеза. 
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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. 
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Introduction 

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.1-3 

According to WHO, inflammatory periodontal 

diseases are one of the most common dental diseases 

in the world after dental caries.4,5 

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.6-8 

Many authors point to the high frequency and 

varied clinical picture of oral lesions in diseases of the 

gastrointestinal tract.9-11 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.12 

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.13 The development of lesions of the oral 

mucosa aggravates the course of the underlying 

disease and determines the characteristics of 

therapeutic measures.14,15 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.2 

From the last decades of the twentieth century to 

the present time, there has been an increase in the 

incidence of viral hepatitis.16,17 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.18 

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).21,22 

Studies of the oral cavity in chronic diffuse liver 

diseases are of great interest to clinicians since 

pathological processes developing in the liver,23-25 as 

a rule, lead to organic and functional disorders in the 

oral mucosa.26, 27 

Literature data indicate the possibility of 

extrahepatic replication of hepatitis B and C 

viruses28,29 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.30 

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.1,31 

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. 

 

 

Materials and Methods 

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.32 A series of sections 5 

μm 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.31 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.32 

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). 

 

 

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. 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. 

 

 

Table 1. 

Clinical examination data on the oral mucosa in patients with HBV and non-HBV groups 

                                                                                          

                                                                          

Sign  

non-HBV 

n=100 

HBV 

n=95 

p-value⁎ 

absolute 

number 

% absolute 

number 

% 

Erosion on the lips       Absent   

                                     Present 

99 

1 

99 

1 

92 

2 

97.9 

2.1 

>0.614 

Cracks in the corners of the mouth        
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                                     Absent 

                                     Present 

99 

1 

99                  

1 

45 

50 

47.4 

52.6 

<0.001 

Disorders in the mucous membrane relief       

                                      Absent 

                                      Present 

 

97 

3 

 

97 

3 

 

6 

89 

 

6.3 

93.7 

 

 

<0.001 

Hemorrhages on the buccal mucosa and the hard palate               

                                      Absent 

                                      Present                       

 

100 

0 

 

100 

0 

 

8 

87 

 

8.4 

91.6 

 

<0.001 

Telangiectasia on the buccal mucosa  

                                      Absent        

                                      Present 

 

100 

0 

 

100 

0 

 

70 

25 

 

73.7 

26.3 

 

<0.001 

 Coated tongue              Absent 

                                      Present 

100 

0 

100 

0 

15 

80 

15.8 

84.2 

<0.001 

Foci of epithelial desquamation on the surface of the 

tongue          

                                      Absent     

                                      Present 

 

 

100 

0 

 

 

100 

0 

 

 

77 

18 

 

 

81.1 

18.9 

 

 

<0.001 

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

 

 

Table 2. 

Clinical examination data on the oral mucosa in patients with HCV and non-HCV groups 

 

Sign  non-HCV 

n=100 

HCV 

n=96 

p-value⁎ 

absolute 

number 

% absolute 

number 

% 

Erosion on the lips        Absent   

                                      Present 

99 

1 

99 

1 

83 

13 

86.5 

13.5 

<0.001 

Cracks in the corners of the mouth  

                                      Absent 

                                      Present 

 

99 

1 

 

99 

1 

 

55 

41 

 

57.3 

42.7 

 

<0.001 

Disorders in the mucous membrane relief       

                                      Absent 

                                      Present 

 

97 

3 

 

97 

3 

 

10 

86 

 

10.4 

89.6 

 

 

<0.001 

Hemorrhages on the buccal mucosa and the hard palate               

                                      Absent 

                                      Present                       

 

100 

0 

 

100 

0 

 

21 

75 

 

21.9 

78.1 

 

<0.001 

Telangiectasia on the buccal mucosa  

                                      Absent        

                                      Present 

 

100 

0 

 

100 

0 

 

31 

65 

 

32.3 

67.7 

 

<0.001 

 Coated tongue              Absent 

                                      Present 

100 

0 

100 

0 

6 

90 

6.2 

93.8 

<0.001 

Foci of epithelial desquamation on the surface of the 

tongue          

                                      Absent     

                                      Present 

 

 

100 

0 

 

 

100 

0 

 

 

36 

60 

 

 

37.5 

62.5 

 

 

<0.001 

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

 

 

During an external examination of the lips, 

erosions on the lips were detected in 2.1% of patients 

with HBV, which did not differ significantly 

(p>0.614) from non-HBV, where this element of the 

lesion was observed in 1% of cases. The frequency of 

detection of cracks in the corners of the mouth with 
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HBV was 52.6%, which is significantly and 

significantly higher than that in the non-HBV 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. 

 

Table 3. 

The main morphological changes in the oral mucosa with HBV and HCV 

 

Sign  HBV 

n=20 

HCV 

n=20 

absolute 

number 

% absolute 

number 

% 

Inflammatory infiltration        Absent   

                                                 Present 

0 

20 

0 

100 

0 

20 

0 

100 

Circulatory disorders               Absent 

                                                 Present 

1 

19 

5 

95 

0 

20 

0 

100 

Ulcerations of the mucous membrane with fibrinous 

deposits                                   Absent 

                                                Present 

 

19 

1 

 

95 

5 

 

20 

0 

 

100 

0 

Fibrosis of the mucous membrane               

                                                Absent 

                                                Present                     

 

17 

3 

 

85 

15 

 

1 

19 

 

5 

95 

Dystrophic changes in squamous epithelium 

                                                Absent 

                                                Present                     

 

2 

18 

 

10 

90 

 

2 

18 

 

10 

90 

 Lymphoplasmacytic infiltration                                                

                                                Absent        

                                                Present 

 

0 

20 

 

0 

100 

 

2 

18 

 

10 

90 

Neutrophil admixture             Absent 

                                                Present 

12 

8 

60 

40 

16 

4 

80 

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. 

 

  
a b 

Figure 1. Angiomatosis and lymphoplasmacytic infiltration in the lamina propria of the mucous 

membrane in patients with HBV (a) and HCV (b). Lymphoplasmacytic infiltrate is located 

predominantly under the squamous epithelium (hematoxylin and eosin staining x 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 

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). 

 

  
a b 

Figure 2. Migration of the inflammatory infiltrate into the thickness of the epithelial layer 

during exacerbation of stomatitis (staining with hematoxylin and eosin x 400) 
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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 b 

Figure 3. Leukoplakia of the oral mucosa (a). Signs of focal keratinization in the thickness of the 

epithelial layer (b). (Staining with hematoxylin and eosin x400) 

 

  

a b 

Figure 4. Hydropic (a) and vacuolar (b) degeneration in the cells of the epithelial layer (staining 

with hematoxylin and eosin x 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). 

 

  

a b 

Figure 5. Aphthous stomatitis (a). Microerosions of the mucous membrane are 

covered with fibrin deposits (b). Superficial ulcers of the oral mucosa are covered 

with fibrinous deposits (hematoxylin and eosin staining x 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). 

 

  
a b 

Figure 6. Fibrosis with differentiation of vessels into arteries and veins (a). A large number of 

picrinophilic collagen fibers in the stage of restoration of the mucous membrane in hepatitis B and C (b). 

Staining with hematoxylin and eosin x100 (a), picrofuchsin staining according to Van Gieson x100 (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. 

 

 

Discussion 

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.33 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.34 Viral liver damage plays an 

important role in assessing the dental health of 

patients.30 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.35 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.36 

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.37 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. 

 

 

Conclusion 

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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ԲԵՐԱՆԻ ԽՈՌՈՉԻ ԼՈՐՁԱԹԱՂԱՆԹԻ ՆՄՈՒՇԱՌՈՒՆԵՐԻ ՁևԱԲԱՆԱԿԱՆ 

ԱՌԱՆՁՆԱՀԱՏԿՈՒԹՅՈՒՆՆԵՐԸ ՎԻՐՈՒՍԱՅԻՆ ՀԵՊԱՏԻՏ B և C-ՈՎ ԲՈՒԺԱՌՈՒՆԵՐԻ ՄՈՏ 

 

Կարմեն Սահակյան,1 Գայանե Մկրտչյան,2 Լազար Եսայան,3 Վահե Ազատյան4 

 

1. Պրոֆեսոր, հյուսվածաբանության ամբիոնի վարիչ, Մ. Հերացու անվան Երևանի պետական բժշկական 

համալսարան, Երևան, Հայաստան 
2. Հյուսվածաբանության ամբիոնի դոցենտ, Մ. Հերացու անվան Երևանի պետական բժշկական 

համալսարան, Երևան, Հայաստան 
3. Պրոֆեսոր, թերապևտիկ ստոմատոլոգիայի ամբիոնի վարիչ, Մ. Հերացու անվան Երևանի պետական 

բժշկական համալսարան, Երևան, Հայաստան 
4. Թերապևտիկ ստոմատոլոգիայի ամբիոնի պրոֆեսոր, Մ. Հերացու անվան Երևանի պետական 

բժշկական համալսարան, Երևան, Հայաստան 

 

Ամփոփում 

Ներածություն. Ներկայումս ստոմատոլոգիայում կարևոր խնդիր են հանդիսանում բերանի խոռոչի 

լորձաթաղանթի և պարօդոնտի հիվանդությունները: Բերանի խոռոչի ուսումնասիրությունները լյարդի 

քրոնիկ տարածուն հիվանդությունների դեպքում մեծ հետաքրքրություն են ներկայացնում բժիշկների 

համար, քանի որ լյարդում զարգացող պաթոլոգիական պրոցեսները, որպես կանոն, հանգեցնում են բերանի 

լորձաթաղանթի օրգանական և ֆունկցիոնալ խանգարումների: 

Նպատակը. Ուսումնասիրել բերանի խոռոչի լորձաթաղանթի նմուշառուներում ձևաբանական 

առանձնահատկությունները վիրուսային հեպատիտ B և C-ով բուժառուների մոտ: 

Նյութեր և մեթոդներ. Հետազոտությանը մասնակցել են 95 HBV և 96 HCV բուժառուներ բերանի խոռոչի 

և պարօդոնտի ախտահարումներով, ինչպես նաև 100 անձ հսկիչ խմբում առանց HBV և HCV, բայց բերանի 

խոռոչի և պարօդոնտի հյուսվածքների ախտահարումներով: Բուժառուների տարիքը տատանվում էր 21-64 

տարեկանում։ Հետազոտած բոլոր խմբերում կատարվել է 20-ական մորֆոլոգիական ուսումնասիրություն։ 

Արդյունքներ. Ստոմատոլոգիական կարգավիճակն ուսումնասիրելու համար հաշվի են առնվել 

բուժառուների գանգատները և բերանի խոռոչի կլինիկական հետազոտությունից ստացված տվյալները, 

որոնք ներառել են՝ շուրթերի և բերանի անկյունների արտաքին հետազոտություն, բերանի լորձաթաղանթի 

տարբեր հատվածների վիճակի գնահատում։ Կլինիկական տվյալների արդյունքները հաստատելու համար 

կատարվել են բերանի լորձաթաղանթի նմուշառումներ և կատարվել մորֆոլոգիական ուսումնասիրություն:  

Եզրակացություններ. Բերանի լորձաթաղանթի պաթոմորֆոլոգիական ուսումնասիրության ժամանակ 

վիրուսային հեպատիտ B և C-ով բոլոր բուժառուների մոտ հայտնաբերվել են բորբոքային ինֆիլտրացիա, 

արյան շրջանառության խանգարումներ և դիստրոֆիկ փոփոխություններ տափակ էպիթելիում: HBV-ով և 

HCV-ով գրեթե բոլոր հիվանդների մոտ հայտնաբերվել է լիմֆոպլազմոցիտիկ ինֆիլտրացիա:  
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Резюме 

Введение: В настоящее время заболевания слизистой оболочки рта и пародонта являются важной проблемой 

стоматологии. Исследования полости рта при хронических диффузных заболеваниях печени представляют 

большой интерес для клиницистов так как патологические процессы, развивающиеся в печени, как правило, 

приводят к органическим и функциональным нарушениям в слизистой оболочке полости рта. 

Цель исследования явилось изучение морфологических особенностей биоптатов слизистой оболочки 

полости рта у пациентов с ВГВ и ВГС. 

Материал и методы: В исследование участвовали 95 пациентов с ВГВ, 96 пациентов с ВГС с поражением 

СОР и пародонта, а также 100 пациентов контрольной группы без ВГВ и без ВГС, но имеющие поражения 

СОР и пародонта. Возраст пациентов колебался 21-64 лет. Во всех обследуемых нами группах проведены по 

20 морфологических исследований. 

Результаты: Для изучения стоматологического статуса учитывались жалобы пациентов и данные 

клинического осмотра полости рта, который включал: внешний осмотр губ и углов рта, оценку состояния 

различных отделов слизистой оболочки рта. Для подтверждения результатов клинических данных нами 

было проведено морфологическое исследование биоптата слизистой оболочки полости рта. Биоптаты 

брались с пораженных участков слизистой полости рта. 

Выводы: При патоморфологическом исследовании СОР при вирусных гепатитах В и С воспалительная 

инфильтрация, расстройства кровообращения и дистрофические изменения плоского эпителия выявлены у 

всех пациентов, фиброз – у всех пациентов с ВГС. Лимфоплазмоцитарная инфильтрация определена почти 

у всех пациентов с ВГВ и ВГС.  
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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 

DOI: 10.58240/1829006X-2024.2-28 

 

 

BULLETIN OF STOMATOLOGY AND MAXILLOFACIAL SURGERY 

Volume 20, Issue 2 
 

mailto:lfiorillo@unime.it


Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

Cesare DA, Ronsivalle V, Romano GL, et al. Infectious Endocarditis in Dentistry: A summary review on Risks and 

Therapies. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):28-44. doi:10.58240/1829006X-2024.2-28 

29 

 
 

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

 

 

 

Introduction  

Infective endocarditis remains a significant 

problem of general pathology and medical and 

surgical cardiology.1-3 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.4-

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.7, 8 

The disease diagnosis is often relatively late, which 

dramatically aggravates the prognosis.9-11  

The subacute forms often manifest themselves in a 

moderate condition and are even trivial 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.12-15 

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. 

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. 
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Materials and methods 

Search Strategy 

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." 

 

Inclusion Criteria 

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. 

 

Exclusion Criteria 

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 Extraction 

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. 

 

Data Analysis  

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 

Fi-index tool has been performed to reduce the risk 

of auto-citation in this manuscript.19, 20 

 

Clinical Picture 
 

1. Subacute endocarditis 
 

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).21,22 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.23-26 

 

2. Acute endocarditis 
 

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: 

¶ 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;   

¶ surgical entry doors (same germs); 

¶ heroin addiction (gold staphylococcus); 

¶ arteriovenous shunts for hemodialysis (gold 

staphylococcus); 

¶ manipulations on the urinary tract or genitals 

(gram-negative germs);  

¶ 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. Prosthetic endocarditis 
 

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. 

 

 

Results 

Diagnosis 

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. 

 

Symptoms and Tests 
 

1. Subacute forms 
 

¶ 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:27,28 

o 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);  

o 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.  

o the erythrocyte sedimentation rate is variable.  

o electrophoresis shows an increase in y-

globulins, less often an increase in a2-

globulins.  

o the urine sediment rarely shows (in 10% of 

cases) very transient microscopic hematuria.  

o 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.   

 

¶ 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.29 

 

¶ 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.14,15,30 

 

 
 

Figure 1. Aortic insufficiency due to infective 

endocarditis. Vegetations could be observed through 

echocardiographic examination 

 

 
 

Figure 2. Gross pathology of subacute bacterial 

endocarditis involving mitral valve. The heart's left 

ventricle has been opened to show mitral valve fibrin 

vegetations due to infection with Haemophilus 

parainfluenzae. Autopsy. Content Providers(s): 

CDC/Dr. Edwin P. Ewing, Jr. Creation Date: 1972 

Copyright Restrictions: None - This image is in the 

public domain and thus free 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.30 

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.31-33 

 

2. Acute forms 
 

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.34-36 

 

3. Prosthetic endocarditis 
 

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: о 

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.  As a rule, negative blood cultures are 

observed in streptococcal forms.37,38 

 

4. Particular clinical forms 
 

¶ 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.39 

¶ 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.37,40 

 

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-index tool 
 

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. 

 

Complications 
 

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.41, 42 

 

1. Cardiac complications 
 

They are the most frequent (30-40% of cases) and 

almost always require surgical correction.  

 

¶ 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. 

¶ 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 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

Cesare DA, Ronsivalle V, Romano GL, et al. Infectious Endocarditis in Dentistry: A summary review on Risks and 

Therapies. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):28-44. doi:10.58240/1829006X-2024.2-28 

35 

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 

tolerance remains perfect over the course of 

months. 

¶ 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.  

¶ In prosthetic endocarditis, the complications may 

consist of disconnection or thrombosis, which is 

very difficult to recognize.43 

 

2. Arterial complications 
 

There are three types. 

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

represented by cerebral embolisms, with a serious 

prognosis preventing associated cardiac surgery.  

¶ Arterial 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.44 

 

Antibiotic Treatment 
 

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 

1).45 

 

 

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 × 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. Side therapies 
 

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.46 

 

Surgical Treatment 
 

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).  

¶ 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. 

¶ 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. 

¶ 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.47,48 

 

Prophylaxis 
 

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 Chemotherapy49 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 

 

 

 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

Cesare DA, Ronsivalle V, Romano GL, et al. Infectious Endocarditis in Dentistry: A summary review on Risks and 

Therapies. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):28-44. doi:10.58240/1829006X-2024.2-28 

37 

Table 2. For manoeuvres of the oral cavity and the other respiratory tracts 
 

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 1.5g 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 manoeuvres under general anaesthesia on the genitourinary or gastrointestinal tract 
 

The administration of amoxicillin 1g IM, 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. Endocarditis high-risk intervention in 

dentistry 
 

Tooth extractions 

Ablation of tartar 

Surgical periodontal procedures 

Operations involving bone 

Implantology 

 
 

 
 

Figure 3. Schematization of 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.41 

 

 

Discussion  

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.56-58 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.50,51 However, the current 

evidence supports antibiotic prophylaxis in high-risk 

patients, as it has been shown to reduce the incidence 

of endocarditis. 

 

 

Conclusion 

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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Ամփոփում 

Ներածություն. Էնդոկարդիտը սրտի ներքին լորձաթաղանթի ծանր վարակ է, որն առաջանում է մի քանի 

տեսակի բակտերիայից, այդ թվում՝ բերանի խոռոչում հայտնաբերված բակտերիայից: Ատամնաբուժական 

պրոցեդուրաները կապված են խոցելի անհատների մոտ էնդոկարդիտի զարգացման բարձր ռիսկի հետ: 

Նյութեր և մեթոդներ. Համապարփակ գրականության որոնում կիրականացվի էլեկտրոնային տվյալների 

բազաների միջոցով, ներառյալ PubMed, Embase և Cochrane Library: Որոնումը կսահմանափակվի 2003 

թվականի հունվարից մինչև 2023 թվականի հունվարը անգլերենով հրապարակված 

ուսումնասիրություններով: Կօգտագործվեն հետևյալ որոնման տերմինները՝ «էնդոկարդիտ», «վարակիչ 

էնդոկարդիտ», «ատամնաբուժական պրոցեդուրաներ», «ատամնաբուժություն», «բերանի հիգիենա», « 

հակաբիոտիկների պրոֆիլակտիկա» և «կանխարգելում»: 

Այս հոդվածում մենք վերանայում ենք ստոմատոլոգիայում էնդոկարդիտի ռիսկի վերաբերյալ ապացույցները 

և այն կանխարգելելու համար ձեռնարկվող միջոցները: Ապացույցների ձեռքբերում. 

Ուսումնասիրությունները ցույց են տվել, որ ինվազիվ ատամնաբուժական պրոցեդուրաները, ինչպիսիք են 

ատամների հեռացումը և պարոդոնտալ վիրահատությունը, կարող են առաջացնել բակտերիաների 

ներթափանցում արյան մեջ՝ հանգեցնելով վարակիչ էնդոկարդիտի: Առանձնահատուկ անհատներ 

էնդոկարդիտի զարգացման ավելի բարձր ռիսկի են ենթարկվում, ներառյալ նրանք, ովքեր նախկինում 

գոյություն ունեն սրտի հիվանդություններ, պրոթեզավորված սրտի փականներ և էնդոկարդիտի 

պատմություն: Ապացույցների սինթեզ. Ստոմատոլոգիական հիվանդների մոտ էնդոկարդիտի ռիսկը 

նվազագույնի հասցնելու համար Ամերիկյան սրտի ասոցիացիան (AHA) թողարկել է ուղեցույցներ 

հակաբիոտիկների օգտագործման համար՝ նախքան ինվազիվ ատամնաբուժական պրոցեդուրաները, որոնք 

կիրառվում են ամբողջ աշխարհում: Այս ուղեցույցները խորհուրդ են տալիս հակաբիոտիկների 

կանխարգելում էնդոկարդիտի բարձր ռիսկի ենթարկված հիվանդներին, մինչդեռ ցածր ռիսկի հիվանդները 

հակաբիոտիկային պրոֆիլակտիկա չեն պահանջում: Այլ միջոցներ, որոնք կարող են օգնել նվազեցնել 

ատամնաբուժական հիվանդների մոտ էնդոկարդիտի վտանգը, ներառում են բերանի խոռոչի հիգիենայի լավ 
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պրակտիկա, կանոնավոր ատամնաբուժական ստուգումներ և ցանկացած ատամնաբուժական վարակի վաղ 

բուժում: 

Եզրակացություն. Կարևոր է ճանաչել էնդոկարդիտի նշաններն ու ախտանիշները և բարձր ռիսկային 

հիվանդներին ուղղորդել անհապաղ բժշկական օգնության համար, քանի որ ստոմատոլոգիայում այս 

վիճակի վտանգը զգալի է: Ատամնաբույժները և բուժաշխատողները պետք է տեղյակ լինեն ռիսկի 

գործոնների մասին և համապատասխան միջոցներ ձեռնարկեն վարակի վտանգը նվազագույնի հասցնելու 

համար, ներառյալ հակաբիոտիկների կանխարգելումը և բերանի խոռոչի հիգիենայի լավ գործելակերպը: 

Հետագա հետազոտություններ են անհրաժեշտ ատամնաբուժական հիվանդների մոտ էնդոկարդիտի 

վտանգը հասկանալու և արդյունավետ կանխարգելիչ ռազմավարություններ մշակելու համար: 
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Резюме 

Введение: Эндокардит — это тяжелая инфекция внутренней оболочки сердца, вызываемая несколькими 

типами бактерий, в том числе обитающими во рту. Стоматологические процедуры связаны с более высоким 

риском развития эндокардита у уязвимых людей. 

Материалы и методы: Комплексный поиск литературы будет проводиться с использованием электронных 

баз данных, включая PubMed, Embase и Cochrane Library. Поиск будет ограничен исследованиями, 

опубликованными на английском языке с января 2003 г. по январь 2023 г. Будут использоваться следующие 

ключевые слова для поиска: «эндокардит», «инфекционный эндокардит», «стоматологические процедуры», 

«стоматологическая помощь», «гигиена полости рта». антибиотикопрофилактика» и «профилактика». 

В этой статье мы рассматриваем данные о риске эндокардита в стоматологии и мерах, которые можно 

предпринять для его предотвращения. Сбор доказательств: исследования показали, что инвазивные 

стоматологические процедуры, такие как удаление зубов и пародонтальная хирургия, могут вызвать 

попадание бактерий в кровоток, что приводит к инфекционному эндокардиту. Определенные люди 

подвергаются более высокому риску развития эндокардита, в том числе с ранее существовавшими 

заболеваниями сердца, протезами сердечных клапанов и эндокардитом в анамнезе. Обобщение фактических 
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данных: Чтобы свести к минимуму риск эндокардита у стоматологических пациентов, Американская 

кардиологическая ассоциация (AHA) выпустила рекомендации по использованию антибиотиков для 

профилактики перед инвазивными стоматологическими процедурами, которые используются во всем мире. 

Эти рекомендации рекомендуют антибиотикопрофилактику пациентам с высоким риском эндокардита, 

тогда как пациентам с низким риском антибиотикопрофилактика не требуется. Другие меры, которые могут 

помочь снизить риск эндокардита у стоматологических пациентов, включают соблюдение правил гигиены 

полости рта, регулярные осмотры у стоматолога и раннее лечение любых стоматологических инфекций. 

Заключение։ Крайне важно распознавать признаки и симптомы эндокардита и направлять пациентов из 

группы высокого риска за неотложной медицинской помощью, поскольку риск развития этого состояния в 

стоматологии значителен. Стоматологи и медицинские работники должны знать о факторах риска и 

принимать соответствующие меры для минимизации риска заражения, включая антибиотикопрофилактику 

и соблюдение правил гигиены полости рта. Необходимы дальнейшие исследования, чтобы понять риск 

эндокардита у стоматологических пациентов и разработать эффективные профилактические стратегии. 
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Introduction 

The concept of osseointegration, whose 

foundations were born during the 1960s thanks to 

Brånemark's studies,1,2 is a prerogative for implant 

success.3 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. 

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. 
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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 phenomenon4-7 

which can also be influenced by the geometric and 

surface characteristics of the implant;8-10 by the bone 

quality of the implant site;11,12 by the surgical 

technique used13-16 and by factors attributable to the 

patient, such as post-surgery healing phenomena, any 

comorbidities or the ability to scrupulously follow the 

indications in the post-operative period.17  

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.18-20 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.18-21. In another studies Author show that 

it could be right the use of photobiomodulation for 

improve the bone healing.22-23 However the 

mantainment of the bone around of the implant seems 

to depend by the position of the implant respect to the 

biological width.24 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.25 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.26   

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;27 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.28 

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).29 

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,30 the material with which the prosthetic 

abutment is constructed,31 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,28 the correct 

function of the prosthesis.32 

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.33-35 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.36-41 

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.42-46 

The biological width of the peri-implant soft 

tissues was extensively described in a study carried 

out by Berglundh in 199647 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.48 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 199849 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 1998.50 The 

stability of the prosthetic abutment and the accuracy is 

very important for the absolutely reducing of bacteria 

colonization.51-55 

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,47 vascular 

stents, sutures for general dental surgery are currently 

produced with this material.48 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. 

 

 

Materials and Methods 

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. 
 

 
 

Figure 1a. Cover and healing screws 

 

 
 

Figure 2b. PTFE Healing Screws in vivo 

 

 

Results 

1. SEM analysis before use in 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. SEM analysis after use in 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 

chemical-physical properties, which has the same ease 

of use as the titanium screw, is also preferable from an 

aesthetic point of view. 

 

 

 

Figure 1A. Titanium screw BEFORE use, the surface appears to be 

free of any organic material (23x) 

Figure 1B. Titanium screw BEFORE use, the surface appears 

to be free of organic material (92x) 
 

  

Figure 2A. PTFE screw BEFORE use, the surface is free of organic 

material (23x) 

Figure 2B. PTFE screw BEFORE the use, the surface is free of 

organic material (92x) 

   

Figure 3A. Titanium screw AFTER use, the surface 

appears to be moderately contaminated with 

organic material (23x) 

Figure 3B. Titanium screw AFTER 

use, visible organic material (92x) 

 

Figure 3C. Titanium screw AFTER 

use, organic material visible at high 

magnification (200x) 
 

  

Figure 4A. PTFE screw AFTER use, the surface is not 

contaminated by organic material (23x) 

Figure 4B. PTFE screw AFTER use, the surface is not 

contaminated by organic material (92x) 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

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 Surgery. 2024;20(2):45-55. 

doi:10.58240/1829006X-2024.2-45 

50 

Discussion 

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. 

Conclusions 

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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SEM և IN VIVO ՈՒՍՈՒՄՆԱՍԻՐՈՒԹՅՈՒՆ ՏԻՏԱՆԻ և ՊՈԼԻՏԵՏՐԱՖՏՈՐԷԹԻԼԵՆԱՅԻՆ 

ՄԱԿԵՐԵՍՆԵՐԻ ԼՆԴԵՐԸ ՁԵՒԱՎՈՐՈՂ ՊՏՈՒՏԱԿՆԵՐԻ ԿՊՉՄԱՆ ԲՆՈՒԹԱԳՐԵՐԻ 

 

Լյուսիա Մեմ,1 Էնրիկո Մարկետի,2 Կիարա Բելֆիորետտի,1 Ալեսիո Մարանի,1 Սերենա Գրեգո,1 

Ֆրանչեսկո Սամպալմիերի,1 Ֆաբրիցիո Բամբինի1 

 
1. Կլինիկական գիտությունների և ստոմատոլոգիայի ամբիոն, Մարկեի պոլիտեխնիկական համալսարան, 

Անկոնա, Իտալիա 
2. Կյանքի, առողջապահության, բնապահպանական գիտությունների բաժին, Լ'Աքվիլայի համալսարան, 

Լ'Աքվիլա, Իտալիա 

 

Ամփոփում 

Ներածություն. Իմպլանտների և դրանց օժանդակող պրոթեզների երկարատև սպասարկումը կախված է 

բազմաթիվ գործոններից: Մասնավորապես, հիվանդի բիոտիպը կարևոր է, որտեղ կերատինացված լնդերի 

զգալի հաստության առկայությունը պետք է ապահովի իրական կենսաբանական կնիքի առկայությունը, որի 

ձևավորման վրա նույնպես ազդում է լնդերը ձեւավորող պտուտակը: Սովորաբար օգտագործվող լնդերը 

ձեւավորող պտուտակները պատրաստված են տիտանից; Այնուամենայնիվ, դրանց արժեքը դրդում է 

ատամնաբույժին օգտագործել դրանք ոչ պատշաճ մեկանգամյա օգտագործման համար: Հետևաբար, լնդերը 

ձեւավորող պտուտակների կառուցման համար տիտանից բացի այլ նյութեր օգտագործելու 

հնարավորությունը, օրինակ՝ պոլիտետրաֆտորէթիլենը (PTFE) կարող է շահավետ լինել: 

Նպատակներ. Այս փորձարարական կլինիկական հետազոտության նպատակն է փորձարկել լնդերը 

ձեւավորող նոր PTFE պտուտակներ՝ օգտագործելով դրանց քիմիական-ֆիզիկական բնութագրերը և 

անկասկած տնտեսական առավելությունները: 

Նյութեր և մեթոդներ. Քննարկվել է 10 հիվանդ և յուրաքանչյուրում տեղադրվել է 2 իմպլանտ: Երկրորդ 

փուլում յուրաքանչյուր հիվանդի մոտ տեղադրվել է տիտանային լնդերը ձեւավորող պտուտակ և PTFE 

լնդերը ձեւավորող պտուտակ: 7 օր հետո դրանք հեռացվել են՝ էլեկտրոնային մանրադիտակի տակ 

վերլուծություն թույլ տալու համար: Արդյունքներ. Պտուտակների SEM վերլուծությունը ցույց տվեց, որ 

PTFE մակերեսը կարող է շատ ավելի քիչ օրգանական նյութեր կուտակել, քան տիտանի հսկիչ 

պտուտակները: Ավելին, ապացուցվել է, որ PTFE լնդերը ձեւավորող պտուտակները նվազեցնում են կրկնակի 

օգտագործման արդյունքում առաջացած բորբոքման մակարդակը՝ համեմատած ավանդական լնդերը 

ձեւավորող պտուտակների հետ: 
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Եզրակացություն. PTFE լնդերը ձեւավորող պտուտակի նվազեցված արժեքը նյութի ներքին բնութագրերի 

հետ միասին ներկայացնում են խոստումնալից բնութագրեր, որոնք կարող են ձեռնտու դարձնել դրանց 

օգտագործումը կլինիկական պրակտիկայում: 
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Резюме 

Введение: Долгосрочное обслуживание имплантатов и протезов, которые они поддерживают, зависит от 

многих факторов. В частности, важен биотип пациента, где наличие значительной толщины ороговевшей 

десны должно обеспечивать наличие настоящей биологической пломбы, на формирование которой также 

влияет заживляющий винт. Обычно используемые заживляющие винты изготовлены из титана; однако их 

стоимость побуждает стоматолога использовать их не по назначению. Поэтому возможность использования 

материалов, отличных от титана, таких как политетрафторэтилен (ПТФЭ), для изготовления заживляющих 

винтов может быть выгодной. 

Цель: Целью данного экспериментально-клинического исследования является испытание новых ремонтных 

винтов из ПТФЭ, используя их химико-физические характеристики и несомненные экономические 

преимущества. 

Материалы и методы: рассмотрено 10 пациентов, каждому из которых установлено по 2 имплантата. 

Каждому пациенту на втором этапе были установлены титановый винт и винт из ПТФЭ. Через 7 дней их 

удаляли для проведения анализа под электронным микроскопом. Результаты: СЭМ-анализ винтов показал, 

что поверхность ПТФЭ обладает способностью накапливать гораздо меньше органических материалов, чем 

титановые контрольные винты. Кроме того, было показано, что фиксирующие винты из ПТФЭ снижают 

уровень воспаления, вызванного повторным использованием, по сравнению с традиционными защитными 

винтами. 

Выводы: Сниженная стоимость винтов из ПТФЭ вместе с собственными характеристиками материала 

представляют собой многообещающие характеристики, которые могут сделать их использование выгодным 

в клинической практике.
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Introduction 

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.1 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.2 

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).3 Though many novel 

treatments have been proposed for periodontitis and 

gingivitis, ancient methods of using herbal medicines 

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.  
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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. 4 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.5 

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.6  

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.8 

 

 

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. 

 

 

Triphala9 

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.  

¶ 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. 

¶ 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. 

¶ Anti-bacterial effect: 50 µg/ml Triphala 

concentrations inhibited Streptococcus mutans 

species.  

¶ Anti-plaque effect: Tannic acid causes protein 

denaturation and ultimately bacterial cell death 

and is well adsorbed on the surface of bacterial 

cells. 

¶ 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.11 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.12 

 

 

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.13 

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.11,12 

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.12 

 

 

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.13 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 GSK3. 

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.14 

 

 

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.15 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.16 

 

 

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.17 

 

 

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.18 

 

 

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.19 

 

 

Lythrum salicaria  

Potent antioxidant properties; aqueous extracts 

inhibited ROS production from stimulated neutrophils 
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which were isolated and cultured from humans.19 

 

 

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.20 

 

 

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.19 

 

 

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.21 

 

 

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.22 

 

 

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.23 

 

 

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.24 

 

 

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.25 

 

 

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).26 

 

 

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.27 

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-κB activation through a mechanism 

independent of Iκ-B (inhibitor of nuclear factor kappa 

Bphosphorylation.28 

 

 

Conclusion 

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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ՈՍԿՐԱԴԱԲՈՂ ԽՈՏԱԲՈՒՅՍԵՐԻ ԴԵՐԸ  ՊԱՐOԴՈՆՏԻՏԻ ԲՈՒԺՈՒՄԱՆ ՄԵՋ 

 

Բոյապատի Ռամանարայանա,1 Բհավյասրի Գադամ,2 Ռամա Բրահմամ Լանկա,3 

Մանասի Չիննադուրայ Մուդալիյար4 

 
1. Պրոֆեսոր, պարoդոնտոլոգիայի ամբիոն, Սիբարայի ատամնաբուժական գիտությունների ինստիտուտ, 

Թակելլապադու, Գունթուր Անդրա Պրադեշ, Հնդկաստան 
2. BDS, MDS, խորհրդատու պարoդոնտոլոգ, մասնավոր պրակտիկա, Ֆլորիդա, ԱՄՆ 
3. BDS, MS, DMD, ստոմատոլոգիա, գլխավոր ստոմատոլոգի օգնական, Ընտանեական ստոմատոլոգիա, 

Տեխաս, ԱՄՆ 
4. BDS, ընդհանուր ստոմատոլոգիա, մասնավոր պրակտիկա, Միդլենդ, Տեխաս, ԱՄՆ 

 

Ամփոփում 

Պարoդոնտիտը քրոնիկ բորբոքային հիվանդություն է, որն ախտահարում է ատամների կրող 

կառուցվածքները՝ հանգեցնելով լնդերի արյունահոսության, փափուկ հյուսվածքների կորստի, թուլացած 

ատամների կորստի: Պարoդոնտալ հիվանդությունները բազմագործոն բնույթ ունեն, և ավանդական 

բուժումները, ինչպիսիք են ատամնափառի վերահսկման մեթոդները, հակամանրէային դեղամիջոցների 

օգտագործումը և տարբեր վիրաբուժական մոտեցումները, ցույց են տվել սահմանափակ 

արդյունավետություն դրանց բուժման համար: Հետևաբար, այլընտրանքային բուժումների որոնումը 

կենտրոնացած է եղել, որոնց թվում բուսական արտադրանքները կարևորություն են ձեռք բերել իրենց 

բնորոշ հակաօքսիդանտ, հակաբորբոքային, հակակոլագենազային, օստեոբլաստների խթանման և 

օստեոկլաստների արգելակման հատկությունների շնորհիվ, որոնք օգնում են ոսկորների ձևավորմանը: Այս 

ակնարկը կենտրոնանում է խոտաբույսերի տարբեր տեսակների վրա, որոնք օգտագործվում են 

պարոդոնտալ հիվանդությունների բուժման համար: 

 

 

 

РОЛЬ КОСТНОВЯЗЫВАЮЩИХ ТРАВ В ЛЕЧЕНИИ ПАРОДОНТИТА 

 

Бояпати Раманарайана,1 Бхавьясри Гаддам,2 Рама Брахмам Ланке,3 Манаси Чиннадурай Мудалияр4 

 
1. Профессор кафедры пародонтологии Института стоматологических наук Сибара, Таккеллападу, Гунтур 

Андхра-Прадеш, Индия 
2. BDS, MDS, консультант-пародонтолог, частная практика, Флорида, США 
3. BDS, MS, DMD, стоматология, помощник главного стоматолога, Familia Dental, Техас, США 
4. BDS, Общая стоматология, частный врач, Мидленд, Техас, США 

 

Абстракт 

Пародонтит — хроническое воспалительное заболевание, поражающее опорные структуры зубов, 
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приводящее к кровоточивости десен, потере мягких тканей, подвижности зубов и потере зуба. Заболевания 

пародонта являются многофакторными по своей природе, традиционные методы лечения, такие как методы 

контроля зубного налета, использование противомикробных препаратов и различные хирургические 

подходы, продемонстрировали ограниченную эффективность в их лечении. Следовательно, был 

сосредоточен поиск альтернативных методов лечения, среди которых растительные продукты приобрели 

важное значение благодаря присущим им антиоксидантным, противовоспалительным, антиколлагеназным 

свойствам, стимуляции остеобластов и ингибированию остеокластов, что помогает в формировании кость. 

В настоящем обзоре основное внимание уделяется различным видам трав, которые используются при 

лечении заболеваний пародонта. 
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Introduction 

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).1 

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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DOI: 10.58240/1829006X-2024.2-64 

 

 

BULLETIN OF STOMATOLOGY AND MAXILLOFACIAL SURGERY 

Volume 20, Issue 2 
 

mailto:dr.ramanarayana@gmail.com


Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Boyapati R, Gaddam B, Chalasani J, Dhulipalla R. Ultrasonography – A Diagnostic Surrogate in Periodontology. 

Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):64-74. doi:10.58240/1829006X-2024.2-64  

65 

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.2 

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.3-6 

 
 

Table 1: Ultrasonography introduction in Periodontology 

Spranger,1971 First, try the US in periodontology to determine the height of the alveolar crest in 

periodontal patients. 

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 Assessed the measurement of gingival thickness using an ultrasonic device with 

a 5 MHz transducer. 

Joseph Heyman, 1998 Invented the periodontal structure mapping system using an ultrasonic probe at 

NASA. 

 

 

PROPERTIES OF ULTRASOUND  
 

¶ Ultrasound waves do not pass-through air. 

¶ Difficulty in penetrating bone and can only see the 

outer surface of bony structures. 

¶ The reflected portion of the beam produces the 

ultrasonic image. 

¶ The principles of ultrasound imaging are based on 

the sonar used by bats, ships at sea, and anglers 

with fish detectors. 

¶ Echoes are produced as the sound passes through 

the body. They can be used to identify the object's 

distance, shape, and consistency. 

¶ Ultrasonography is a non-invasive and 

inexpensive technique for real-time imaging of 

superficial tissues.  

¶ No ionizing radiation is involved, and waves have 

a constant velocity of ~1500 m/s in water. It is 

similar to that in the soft tissue.7 

 

 

PRINCIPLES OF ULTRASOUND 
 

¶ The ultrasound device generates electrical 

impulses converted into high-frequency 

ultrasound waves by a transducer (it converts one 

form of energy into another). 

¶ In the US, electric energy is converted to sonic 

energy.  

¶ The main component of the transducer is the 

piezoelectric crystal (lead zirconate titanium).  

¶ 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.  

¶ The sonic waves reflected towards the transducer 

produce an electric signal which is amplified, 

processed, and displayed as an image on a 

monitor. 

 

 

ULTRASOUND - MECHANISM OF ACTION 
 

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 (Continuous wave exposure): 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 40-450C 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.8  

 

 

SCANNING MODES IN ULTRASONOGRAPHY 
 

Still images and cine loops  

The real-time imaging modality ultrasound records 

and stores two types of images, still images and cine 

loops.  

ü Still images 

¶ Refer to single 2D image frames. 

¶ These images give a snapshot of the field of 

view.  
 

ü Cine loops 

¶ Refer to videos (a temporal collection of 

consecutive still images). 

¶ 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.8 

 

 

APPLICATION OF ULTRASOUND IN 

PERIODONTAL DISEASE DIAGNOSIS  
 

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 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Boyapati R, Gaddam B, Chalasani J, Dhulipalla R. Ultrasonography – A Diagnostic Surrogate in Periodontology. 

Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):64-74. doi:10.58240/1829006X-2024.2-64  

67 

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.6 

 

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.10 

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.6 

 

 

ULTRASOUND APPLICATION IN 

PERIODONTICS  
 

Periodontal assessment: An 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. 

Removal of endotoxin and 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.11 

 

 

ULTRASONOGRAPHY IN PERI-IMPLANT 

DISEASES  
 

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.12 

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.9
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Figure 1. Clinically healthy implant with no 

signs of inflammation and minimal bone loss 

found on the peri-apical film. Ultrasound 

images depict mesial, mid-facial, and distal 

sites. [crown (C), abutment (A), implant (I), 

bone surface (B), interdental papilla (P), 

crestal bone (CB), implant platform (IP)]  

 

Figure 2. Implant with peri-implant mucositis, 

mucosal swelling, bleeding on probing (BOP), 

and normal bone level in the peri-apical film. 

Ultrasound images depict mesial, mid-facial, 

and distal sites with normal bone levels. 

[abutment (A), bone (B), crown (C), crestal 

bone (CB), implant (I), implant platform (IP), 

mucosa (M), papilla(P)] 

 

Figure 3. Implant with peri-implantitis. 

Clinically present with signs of inflammation, 

bleeding on probing, and apparent bone loss on 

the mesial site on the peri-apical film. 

Ultrasound images show bone loss. [abutment 

(A), bone (B), crown (C), crestal bone (CB), 

implant (I), implant platform (IP), mucosa (M), 

papilla (P)] 
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Figure 4. Implant with hard and soft tissue 

deficiency. Clinically, slight inflammation with 

some bone loss is seen on the peri-apical film. 

Ultrasound images clearly show thin mucosa 

and crestal bone, indicating tissue deficiency. 

Mid-facial view shows evident implant 

exposure. [abutment (A), bone (B), crown (C), 

crestal bone (CB), implant (I), implant platform 

(IP), mucosa (M), 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] 

 

 

 

LIMITATIONS OF ULTRASOUND 

 

¶ Need for a medium for conduction of sound 

conduction. 

¶ Inability to penetrate bone and a narrow field 

view.  

¶ 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.  

¶ Able to image a focused site in 2D but not the 

entire jawbone.  

¶ As ultrasonic imaging is new to dentistry, 

adapting to this technology requires a learning 

curve.9 

 

 

Discussion 

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.13 

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.14 

 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.15 

Tartan et al. in 2019 evaluated 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.16 

Thone-Muhling et al. in 2021 demonstrated 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.17-18 

C Moore et al. in 2021 used 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.2 

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.19 

 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 Paulo et al. 

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.20 

 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.21 

The volumetric blood-flow imaging derived from 

the three-dimensional color flow is considered an 

official biomarker of quantitative imaging biomarkers 

alliance in periodontology.9 

 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.6 

 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.22  

 

 

Conclusion 

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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ՈՒԼՏՐԱՁԱՅՆԱՅԻՆ ՀԵՏԱԶՈՏՈՒԹՅՈՒՆ – ՊԱՐOԴՈՆՏՈԼՈԳԻԱՅՈՒՄ ԱԽՏՈՐՈՇՄԱՆ 

ՍՈՒՐՈԳԱՏ 

 

Բոյապատի Ռամանարայանա,1 Բհավյասրի Գադամ,2 Ջահնավի Չալասանի,3  

Դուլիպալլա Ռավինդրանաթ4 

 
1. BDS, MDS, պրոֆեսոր, պարoդոնտոլոգիայի ամբիոն, Սիբարայի ատամնաբուժական գիտությունների 

ինստիտուտ, Թակելլապադու, Գյունթուր, Անդրա Պրադեշ, Հնդկաստան 
2. BDS, MDS, պարոդոնտոլոգ (մասնավոր պրակտիկա), Ֆլորիդա, Ամերիկայի Միացյալ Նահանգներ 
3. BDS, MDS, Սիբարայի ատամնաբուժական գիտությունների ինստիտուտ, Թակելլապադու, Գյունթուր, 

Անդրա Պրադեշ, Հնդկաստան 
4. BDS, MDS, պրոֆեսոր և պարոդոնտոլոգիայի ամբիոնի վարիչ, Սիբարայի ատամնաբուժական 

գիտությունների ինստիտուտ, Թակելլապադու, Գյունթուր, Անդրա Պրադեշ, Հնդկաստան 

 

Ամփոփում 

Ստոմատոլոգիայում ուլտրաձայնը օգտագործում է ակուստիկ էներգիայի փոխանցումը և արտացոլումը: 

Համատարած զարկերակը և դրա արտացոլումը ստացվում են ինչպես փոխարկիչով (ուլտրաձայնային 

սենսոր): Կլինիկական առումով փոխարկիչները առաջացնում են ուլտրաձայն, որը էլեկտրական էներգիան 

վերածում է ուլտրաձայնային ալիքների: Ուլտրաձայնային հետազոտության հիմնական գիտելիքները և այլ 

կողմնակի ազդեցությունները անհրաժեշտ են դրա օգտագործման մեթոդներ մշակելու համար: Այն ունի մի 

քանի կիրառություն ստոմատոլոգիայում և պարոդոնտոլոգիայում և օգտագործվում է պարոդոնտի 

առողջության բուժման և պահպանման համար: 

Պարoդոնտալ ուլտրաձայնը ոչ ինվազիվ ախտորոշիչ մեթոդ է գրպանի խորությունը չափելու և պարոդոնտի 

առողջությունը գնահատելու համար: Բացի այդ, ցածր ինտենսիվության իմպուլսային ուլտրաձայնը 

արդյունավետորեն գնահատում է պարոդոնտի բուժումը և ցուցադրում դրա վերականգնման ներուժը: 

 

 

 

УЛЬТРАСОНОГРАФИЯ – СУРРОГАТ ДИАГНОСТИКИ В ПАРОДОНТОЛОГИИ 

 

Раманарайана Бояпати,1 Гаддам Бхавьясри,2 Джахнави Чаласани,3 

Равиндранатх Дхулипалла4 

 
1. BDS, MDS, профессор кафедры пародонтологии, Институт стоматологических наук Сибара, 

Таккеллападу, Гунтур, Андхра-Прадеш, Индия 
2. BDS, MDS, пародонтолог (частная практика), 5601 D Goldfish St, Лутц, Флорида, Соединенные Штаты 

Америки 
3. BDS, MDS, Институт стоматологических наук Сибара, Таккеллападу, Гунтур, Андхра-Прадеш, Индия 
4. BDS, MDS, профессор и заведующий отделением пародонтологии, Институт стоматологических наук 

Сибара, Таккеллападу, Гунтур, Андхра-Прадеш, Индия 

 

Абстракт 

Ультразвук в стоматологии использует передачу и отражение акустической энергии. Распространенный 

импульс и его отражение принимаются как преобразователем (ультразвуковым датчиком). Клинически 
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датчики генерируют ультразвук, который преобразует электрическую энергию в ультразвуковые волны. 

Базовые знания и другие побочные эффекты ультразвука необходимы для разработки методов его 

применения. Он имеет несколько применений в стоматологии и пародонтологии и используется для лечения 

и поддержания здоровья пародонта.  

Пародонтологическое УЗИ представляет собой неинвазивный метод диагностики для измерения глубины 

кармана и оценки состояния пародонта. Кроме того, импульсный ультразвук низкой интенсивности 

эффективно оценивает заживление пародонта и демонстрирует потенциал его регенерации. 
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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 ZAI) 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 ZZI) is the 

only site where the results on the healthy side and the cleft side did not show a statistically significant difference.  

 

DOI: 10.58240/1829006X-2024.2-75 

 

 

BULLETIN OF STOMATOLOGY AND MAXILLOFACIAL SURGERY 

Volume 20, Issue 2 
 

mailto:valeriifilonenko@gmail.com


Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Filonenko V, Kaniura O, Kopchak A, Kiriienko Y. X-Ray Density of Bone Tissues of the Dentognathic Apparatus in 

Children with Congenital Unilateral Cleft Lip and Palate. Bulletin of Stomatology and Maxillofacial Surgery. 

2024;20(2):75-85. doi:10.58240/1829006X-2024.2-75  

76 

 
 

Keywords: density of bone structures; computed tomography; congenital cleft lip and palate; Hounsfield scale. 

 

 

 

 

Introduction 

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.1 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.1,2,3-6 

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.1 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.1,2,7-13 

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.14-16 The physico-

mechanical characteristics of the bone tissue of the 

jaws, in particular its density in various areas,17-20 

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. 

 

 

Materials and methods 

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, 

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 ZAI, 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. 
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512 х 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: 

¶ 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 (Іnfirmus) cleft side: 

corresponding points ZZS and ZZI (Figure 1); 

¶ 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 (Іnfirmus) cleft side: corresponding points 

ZAS and ZAI (Figure 2); 

¶ 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); 

¶ 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. Determination of XRBD on the zygomatic 

process of the upper jaw at the level of the zygomatic-

maxillary suture 

 

Figure 2. Determination of XRBD at the intersection 

of the compact plates of the floor of the maxillary sinus 

and zygomatic alveolar ridge 

 

Figure 3. Determination of XRBD at the junction of 

the compact plate of the hump of the upper jaw and 

sphenoid bone 
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Figure 4. Determination of XRBD at the most concave 

point of the nasolabial buttress 

 

 

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 

quantitative 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 

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). 

 

 

Results 

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 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Filonenko V, Kaniura O, Kopchak A, Kiriienko Y. X-Ray Density of Bone Tissues of the Dentognathic Apparatus in 

Children with Congenital Unilateral Cleft Lip and Palate. Bulletin of Stomatology and Maxillofacial Surgery. 

2024;20(2):75-85. doi:10.58240/1829006X-2024.2-75  

79 

(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 ZAI 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. XRBD measurement results in pairs of points ZZS and ZZI, ZAS and ZAI, NS and NI, TSS and TSI with 

maximum gradients of equivalent strains in YAG (n=19) 

 

Measurement 

points 

XRBD, 

М ± SD, HU 

XRBD, 

Min-Мах, HU 

XRBD, 

95% CI, HU 

Difference in pair, % 

(р<0.05) 

ZZS 

ZZI 

1126 ± 213 

1189 ± 237 

713-1422 

820-1782 

1023-1229 

1074-1303 

- 

ZAS 

ZAI 

1164 ± 293 

971 ± 207 

648-1665 

603-1289 

1022-1305 

871-1070 

16,6 

NS 

NI 

1356 ± 274 

1118 ± 207 

746-1741 

778-1532 

1224-1489 

1018-1218 

17,6 

TSS 

TSI 

1083 ± 262 

922 ± 220 

653-1513 

518-1209 

957-1210 

815-1028 

14,9 

 
 

 

Comparison of the averages of two independent 

samples of the XRBD values in the YAG (n=19) at the 

ZAS and ZAI 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 ZAI 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. 

 

 
 

Figure 5. Diagram of the range of the results of 

the XRBD measurements (HU) in YAG (n=19) in 

pairs of points ZZS and ZZI, ZAS and ZAI, NS and 

NI, TSS and 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. XRB measurement results in pairs of points ZZS and ZZI, ZAS and ZAI, NS and NI, TSS and TSI with 

maximum gradients of equivalent strains in OAG (n=23) 

 

Measurement 

points 

XRBD, 

М ± SD, HU 

XRBD, 

Min-Мах, HU 

XRBD, 

95% CI, HU 

Difference in pair, % 

(р<0.05) 

ZZS 

ZZI 

1123±280 

1046±249 

723-1672 

531-1565 

1001-1244 

938-1153 

- 

ZAS 

ZAI 

1055±279 

1053±322 

626-1581 

546-1691 

934-1175 

914-1192 

- 

NS 

NI 

1221±240 

1073±191 

866-1617 

845-1455 

1117-1325 

990-1156 

12,1 

TSS 

TSI 

999±170 

991±193 

749-1346 

677-1359 

925-1073 

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 ZZI (p=0.332), ZAS and ZAI 

(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. 

 

 
 

Figure 6. Diagram of the range of the results of 

the XRBD measurements (HU) in patients of OAG 

(n=23) in four pairs of points ZZS and ZZI, ZAS and 

ZAI, NS and NI, TSS and TSI 

In the groups of XRBD, measurement results in all 

eight points: ZZS and ZZI, ZAS and ZAI, NS and NI, 

TSS and TSI in YAG (n=19) and OAG (n=23) patients 

with unilateral CLP there are sufficiently high 

coefficients of variation of values (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-I. 

Accordingly, the average values of AV-S YAG 

and AV-S OAG, as well as AV-I YAG and AV-I 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-I YAG and AV-I OAG 

by age groups are shown in table 2. 
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Table 3. Statistics of the average values of the XRBD measurement results AV-S YAG and AV-S OAG, as well as 

AV-I YAG and AV-I OAG by age groups 

 

Average values in 

YAG and OAG 

XRBD, 

М ± SD, HU 

XRB, 

Min-Мах, HU 

XRBD, 95% CI, 

HU 

Difference in pair, 

% (р<0.05) 

AV-S YAG 

AV-S OAG 

1182±278 

1099±256 

648-1741 

626-1672 

1119-1246 

1046-1152 

7,6 

AV-I YAG 

AV-I OAG 

1050±240 

1041±243 

518-1782 

531-1691 

995-1104 

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-I YAG and AV-I 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-I YAG 

and AV-I OAG. 

 

 
 

Figure 7. Diagram of the range of AV results of 

XRBD measurements (HU) in YAG and OAG: AV-S 

YAG and AV-S OAG, AV-I YAG and AV-I OAG 

 

 

Applying Scheffe's method of multiple 

comparisons revealed that the difference between the 

mean AV-S YAG and AV-I YAG, as could be 

predicted on the basis of the presented XRBD analysis 

in YAG patients, is statistically significant (p=0.02). 

 

 

 

Discussion 

Considering the importance of changes in the 

structure of bone tissue that occur in the process of 

adaptive remodeling,1 determination of X-ray density 

indicators in children with unilateral CLP using CT of 

the skull with subsequent 3D reconstruction of 

images1,2,3-6 is an important diagnostic criterion in 

planning surgical and orthodontic interventions.1 

The use of the Hounsfield scale (HU)1,2,7-13 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,14-16 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.17-20 

 

 

Conclusions  

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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ԱՏԱՄԱԾՆՈՏԱՅԻՆ ՍԱՐՔԱՎՈՐՄԱՆ ՈՍԿՐԱՅԻՆ ՀՅՈՒՍՎԱԾՔՆԵՐԻ ՌԵՆՏԳԵՆԱԲԱՆԱԿԱՆ 

ԽՏՈՒԹՅՈՒՆԸ ԵՐԵԽԱՆԵՐԻ ՄՈՏ ՇՐԹՈՒՆՔԻ ԵՎ ՔԻՄՔԻ ԲՆԱԾԻՆ ՄԻԱԿՈՂՄԱՆԻ 

ՃԵՂՔՎԱԾՔՆԵՐՈՎ 

 

Վալերի Ֆիլոնենկո,1 Օլեքսանդր Կանյուրա,2 Անդրեյ Կոպչակ,3 Յուրի Կիրենկո4 

 
1. Բժշկական գիտությունների թեկնածու, դոցենտ, ատամնաբուժական ֆակուլտետի դեկանի տեղակալ, 

օրթոպեդիկ ստոմատոլոգիայի օրթոդոնտիայի և պրոպեդևտիկայի ամբիոնի դոցենտ, Օ.Օ. Բոգոմոլեցի 

անվան Ազգային բժշկական համալսարան, Կիև, Ուկրաինա 
2. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, գիտական-մանկավարժական և բժշկական 

աշխատանքների գծով պրոռեկտոր, օրթոպեդիկ ստոմատոլոգիայի օրթոդոնտիայի և պրոպեդևտիկայի 

ամբիոնի պրոֆեսոր, Օ.Օ. Բոգոմոլեցի անվան Ազգային բժշկական համալսարան, Կիև, Ուկրաինա 
3. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, դիմածնոտային վիրաբուժության և ժամանակակից 

ատամնաբուժական տեխնոլոգիաների ամբիոնի վարիչ, Հետդիպլոմային կրթության ինստիտուտ, O. 

Բոգոմոլեցի անվան Ազգային բժշկական համալսարան, Կիև, Ուկրաինա 
4. Օրթոպեդիկ ստոմատոլոգիայի օրթոդոնտիայի և պրոպեդևտիկայի ամբիոնի ասպիրանտ, Օ.Օ. 

Բոգոմոլեցի անվան Ազգային բժշկական համալսարան,Կիև, Ուկրաինա 

 

Ամփոփում 

Արդիականություն. Ծնոտի ոսկրային հյուսվածքի ֆիզիկամեխանիկական բնութագրերը, մասնավորապես 

դրա խտությունը, որոշում են օրթոդոնտիկ միջամտությունների արդյունավետությունը և որոշիչ 

պարամետր են օրթոդոնտիկ սարքերի կողմից դրա վրա ազդող ուժերը հաշվարկելիս: Համակարգչային 

տոմոգրաֆիայի ժամանակ խտության քանակական գնահատման համար օգտագործվել է Հաունսֆիլդի 

ռենտգենյան ճառագայթման թուլացման սանդղակը (HU):  

Աշխատանքի նպատակը․ կատարել վերին ծնոտի ոսկրային հյուսվածքի ռադիոլոգիական խտության 

ցուցանիշների վերլուծություն երեխաների մոտ շրթունքի և քիմքի բնածին միակողմանի ճեղքվածքներով՝ 

օգտագործելով գանգի համակարգչային տոմոգրաֆիայի մեթոդը: 

Նյութեր և մեթոդներ. Վերլուծության առարկա են հանդիսացել 42 երեխայի վերին ծնոտի ոսկրային 

հյուսվածքների ճառագայթային խտության չափումների տվյալները այն հատվածներում, որոնք 

համապատասխանում են օրթոդոնտիկ սարքերի ազդեցության տակ առավելագույն ճնշմանը: 

Արդյունքներ. Կլինիկորեն հաստատվել է, որ հետազոտական խմբում ընդգրկված բոլոր հիվանդների մոտ 

ձախակողմյան ճեղքվածքներով դեպքերը քանակապես գերակշռում են աջակողմյանների նկատմամբ: 

Կրտսեր տարիքային խմբում չափումների արդյունքները հայմորյան ծոցի հատակի կոմպակտ թիթեղների և 

զիգոմատիկ ալվեոլային գագաթի (ZAS և ZAI) հատման կետերում ցույց են տալիս, որ առողջ կողմում 

խտությունը ավելի է 16,6%-ով, քան ճեղքվածքի կողմում, քիթ-ճակատային որմահերցի (NS և NI) առավել 

գոգավոր կետերում` 17,6%-ով, վերին ծնոտի ելուստի կոմպակտ թիթեղի և սեպաձև ոսկորի (TSS և TSI) 

միացման վայրում՝ 14.9%-ով: Միայն վերին ծնոտի այտոսկրի ելուստում զիգոմատիկ- ծնոտային կարի 

մակարդակով (ZZS և ZZI), առողջ կողմի և ճեղքվածքի կողմի արդյունքները վիճակագրորեն նշանակալի 

տարբերություն չեն ունեցել: Ավագ տարիքային խմբում NS և NI կետերում երկու անկախ նմուշների միջինի 

համեմատությունը բացահայտեց առողջ կողմում խտության արժեքների տարածվածությունը 12,1% -ով: 

ZZS և ZZI, ZAS և ZAI, TSS և TSI կետերում չափումների վիճակագրորեն նշանակալի տարբերություններ 

չեն հայտնաբերվել: Ընդորում, կրտսեր տարիքային խմբի համար առողջ կողմի միջին նշանակությունը 7,6%-

ով ավելի է, քան ավագի համար։ 

Եզրակացություն. Ոսկրային հյուսվածքի ռենտգենյան խտության որոշումը հնարավորություն է տալիս 

բաշխել օրթոդոնտիկ սարքերի ուժային ազդեցությունը դրանց ակտիվացման գործընթացում և ստանալ նոր 

տվյալներ ծնոտի ոսկորների արտաքին բեռնվածության ծավալի վերաբերյալ: 
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Абстракт 

Актуальность: Физико-механические характеристики костной ткани челюстей, в частности ее плотность, 

определяют эффективность ортодонтических вмешательств и являются определяющим параметром при 

расчете сил, действующих на ткани посредством ортодонтических аппаратов. Шкала ослабления 

рентгеновских лучей Хаунсфилда (HU) использовалась для количественной оценки плотности во время 

компьютерной томографии. 

Цель: Проанализировать рентгенологическую плотность костной ткани верхней челюсти у детей с 

врожденной односторонней расщелиной губы и неба методом компьютерной томографии черепа. 

Материалы и методы: Предметом анализа послужили данные измерения рентгенологической плотности 

костных тканей верхней челюсти 42 детей в зонах, соответствующих максимальной нагрузке под 

воздействием ортодонтических аппаратов. 

Pезультаты: Клинически установлено, что среди всех пациентов, включенных в основную группу, случаи с 

левосторонними расщелинами количественно преобладают над правосторонними. Результаты измерений в 

младшей возрастной группе в точках пересечения компактных пластинок дна верхнечелюстной пазухи и 

скулового альвеолярного отростка (ZAS и ZAI) свидетельствуют о том, что плотность на здоровой стороне 

на 16,6% выше, чем на здоровой. расщелина сбоку; на здоровой стороне на 17,6% выше в наиболее вогнутых 

точках носогубного выступа (NS и NI); и на 14,9% выше на здоровой стороне в месте соединения компактной 

пластинки горба верхней челюсти и клиновидной кости (TSS и TSI). Скуловой отросток верхней челюсти на 

уровне скулово-верхнечелюстного шва (ZAS и ZAI) — единственный участок, где результаты на здоровой 

стороне и стороне расщелины не показали статистически значимой разницы. В старшей возрастной группе 

сравнение средних значений двух независимых выборок в точках NS и NI выявило преобладание значений 

плотности на 12,1% на здоровой стороне. Статистически значимых различий в измерениях в точках ZZS и 

ZZI, ZAS и ZAI, TSS и TSI обнаружено не было. При этом средний показатель на здоровой стороне для 

младшей возрастной группы на 7,6% больше, чем для старшей. 

Выводы: Определение рентгенологической плотности костной ткани позволяет распределить величину 

силового воздействия ортодонтических аппаратов в процессе их активации и получить новые данные о 

величине внешних нагрузок на кости челюсти.
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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. 
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Introduction 

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.1 

 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.2,3 

The first is called "juvenile" diabetes, in which it 

occurs at a young age and is mediated by autoimmune 

destruction of insulin-producing pancreatic β-cells, 

while the latter refers to cellular insulin resistance.4 

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.5,6 

                       

 
 

Figure 1. Pathogenesis of Type I Diabetes Mellitus 
 

 

According to the International Diabetes Federation 

(IDF) the number of people with diabetes is likely to 

reach 783.2 million by 2045.7,8 

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.9,10 

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.11 

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.12-14 

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.15-17 

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.21 

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.22,23 

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.24 
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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 

significantly higher level of local inflammatory 

mediators such as TNFα, IL-1β, prostaglandin E 2, 

which causes high osteoclast activity.25 Release of 

inflammatory mediators into systemic blood 

circulation, through which cytokines dysregulation 

associated with diabetes may be exacerbated by 

periodontal infection. 

 

 
 

Figures 2. In patients with diabetes mellitus and periodontitis, a significantly higher level of local inflammatory 

mediators such as TNFα, IL-1β, prostaglandin E 2, which causes high osteoclast activity25 

 

 

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.26 

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.27 

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 diabetes28.  

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.29 

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.30 

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.31 

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.32 

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.33 

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.34 

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.35  

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.36 

Consequently, the leakage of glucose from the duct 

cells increases, which leads to an increase in the level 

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.37  

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.38 

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. 

 

 
 

Figure 3. Vicious cycle of diabetes mellitus and formation of dental caries, periodontal disease43 
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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.39,40 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.41 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.42

 

 
 

 

  
 

Figure 4. Defeat teeth and gingivitis in patients with 

diabetes mellitus 
 

 

Figure 5. Periodontal disease in patients with diabetes 

mellitus 

   
 

Figure 6. Oral stomatitis in 

patients with diabetes mellitus 

 

Figures 7, 8. Oral candidiasis in patients with diabetes mellitus 
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Figure 9. Angular Cheilitis in 

patients with diabetes mellitus 

Figure 10. Glossitis in patients 

with diabetes mellitus 

Figure 11. Lichenoid reaction 

patients with diabetes mellitus 

 

 

Halitosis, or bad breath, is one of the early 

symptoms of diabetes44. The risk of halitosis (bad 

breath) increases with elevated levels of HbA1c.  

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.45-47 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.45 

Tooth loss results in difficulty chewing, difficulty 

speaking, cosmetic problems, social interaction and 

social isolation which worsens patients' health and 

quality of life.48,49 

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.50,51 

The development of dental implants opens up new 

opportunities in orthopedic rehabilitation of patients 

with diabetes mellitus.51-56 

Because of the high risk of implant complications, 

in the past diabetes mellitus has made implant 

placement a relative contraindication, as it delays 

wound healing, increases the risk of infection, and 

impairs bone metabolism.52-57 

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.58-64 

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.  

 

 

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 
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control. Promoting a healthy oral cavity for patients 

with diabetes mellitus is of paramount importance. 
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ՇԱՔԱՐԱՅԻՆ ԴԻԱԲԵՏՈՎ ՀԻՎԱՆԴՆԵՐԻ ՄՈՏ ԲԵՐԱՆԻ ԽՈՌՈՉԻ ԴՐՍևՈՐՈՒՄՆԵՐԸ; 

ԳՐԱԿԱՆՈՒԹՅԱՆ ՎԵՐԼՈՒԾՈՒԹՅՈՒՆ 

 

Հակոբ Խաչատրյան1 

 
1. Դիմածնոտային վիրաբույժ, Կենտրոնական կլինիկական զինվորական հոսպիտալ (ՀՀ 

պաշտպանության նախարարություն), Երևանի Մ. Հերացու անվան պետական բժշկական 

համալսարանի վիրաբուժական ստոմատոլոգիայի և դիմածնոտային վիրաբուժության ամբիոն, Երևան, 

Հայաստան 
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Ամփոփում 

Ներածություն. Շաքարային դիաբետը առաջացնում է մի շարք բարդություններ՝ մարմնի տարբեր 

հատվածներում, ներառյալ բերանի խոռոչը, որոնց տեսակը և աստիճանը կախված է հիվանդության 

տևողությունից, դրա ծանրությունից և հիվանդի տարիքից:  

Նպատակը. Այս գրականության վերլուծության նպատակն էր ամփոփել բերանի խոռոչի դրսևորումները 

շաքարային դիաբետով հիվանդների մոտ: 

Մեթոդներ. Որոնման ռազմավարությունը կիրառվել է հնարավորինս շատ համապատասխան 

հրապարակումներ հայտնաբերելու նպատակով: Տվյալների աղբյուրները փնտրվել են չորս էլեկտրոնային 

տվյալների բազաներ՝ PubMed, Scopus, Web of Science և Cochrane Central Register of Controlled Trials-ը: 

Որոնման համար օգտագործված հիմնական բառերն են՝ շաքարային դիաբետ, բերանի խոռոչի 

բարդություններ, բերանի խոռոչի դրսևորումներ դիաբետով հիվանդների մոտ, ատամների կարիես,  

պարoդոնտալ հիվանդություն, թքագեղձի դիսֆունկցիա, քսերոստոմիա: Որոնված 146 

ուսումնասիրություններից ընդգրկվել են 64 հոդվածներ, որոնք համապատասխանում են համակարգված 

գրականության այս վերլուծության ընդգրկման չափանիշներին: 

Արդյունքներ. Համակարգված վերանայման արդյունքները ցույց են տվել, որ շաքարային դիաբետով 

հիվանդների բերանի խոռոչի դրսևորումները և բարդությունները վերջերս ճանաչվել և գրանցվել են որպես 

շաքարային դիաբետի հիմնական բարդություն: Ավելի ու ավելի շատ ապացույցներ կան, որ շաքարային 

դիաբետով հիվանդների մոտ բերանի խոռոչի քրոնիկական բարդությունները բացասաբար են ազդում 

արյան գլյուկոզի վերահսկման վրա: Բերանի խոռոչի դրսևորումնեը ներառում են բազմաթիվ 

բարդություններ, որոնցով տառապում են դիաբետով հիվանդները, ներառյալ պարoդոնտալ 

հիվանդությունը, ատամների կարիեսը, բերանի խոռոչի վարակները, թքագեղձի դիսֆունկցիան, համի 

դիսֆունկցիան, լեզվի  հիվանդությունըները, բերանի տհաճ հոտը և որքինը: 

Եզրակացություն. Բերանի խոռոչի, հատկապես պարoդոնտալ հիվանդության հետ կապված 

բարդությունների կանխարգելումն ու բուժումը կարևոր են շաքարային դիաբետով հիվանդների մոտ՝ 

գլիկեմիկ հսկողության վրա դրանց հնարավոր անբարենպաստ ազդեցության պատճառով: Շաքարային 

դիաբետով հիվանդների բերանի խոռոչի առողջացումը առաջնային նշանակություն ունի 

 

 

 

ОРАЛЬНЫЕ ПРОЯВЛЕНИЯ У БОЛЬНЫХ САХАРНЫМ ДИАБЕТОМ; ОБЗОР ЛИТЕРАТУРЫ 

 

Акоп Хачатрян1 

 
1. Челюстно-лицевой хирург, Центральный клинический военный госпиталь (Министерство обороны 

Республики Армения), кафедра челюстно-лицевой хирургии, Ереванский государственный медицинский 

университет им. М. Гераци, Армения 

 

Введение: Сахарный диабет вызывает ряд осложнений в различных регионах организма, в том числе в 

полости рта, тип и степень которых зависят от давности заболевания, его тяжести и возраста больного. 

Цель: Целью данного обзора литературы было обобщить проявления в полости рта у пациентов с сахарным 

диабетом.  

Методы: Стратегия поиска применялась с целью выявления как можно большего количества 

соответствующих публикаций. Источники данных. Был произведен поиск в четырех электронных базах 

данных: PubMed, Scopus, Web of Science и Кокрейновском центральном регистре контролируемых 

исследований. Ключевыми словами, использованными для поиска, были «Сахарный диабет», «Осложнения 

в полости рта при диабете», «Проявления в полости рта», «Пародонтоз», «Ксеростомия». Из 146 выявленных 

исследований в общей сложности было включено 64 статей, которые соответствовали критериям включения 

в этот систематический обзор.  

Результаты: Результаты систематического обзора показали, что оральные проявления и осложнения у 

пациентов с сахарным диабетом в последнее время признаны и зарегистрированы как основные осложнения 
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сахарного диабета. Появляется все больше доказательств того, что хронические осложнения в ротовой 

полости у пациентов с диабетом отрицательно влияют на контроль уровня глюкозы в крови. Осложнения 

полости рта включают множество осложнений, от которых страдают пациенты с диабетом, в том числе 

заболевания пародонта, кариес зубов, инфекции полости рта, дисфункция слюнных желез, дисфункцию 

вкуса, аномалии языка, неприятный запах изо рта и плоский лишай. 

Заключение: Профилактика и лечение осложнений со стороны полости рта, особенно заболеваний 

пародонта, важны у пациентов с диабетом из-за их возможного неблагоприятного воздействия на 

гликемический контроль. Содействие здоровью полости рта больных сахарным диабетом имеет 

первостепенное значение. 
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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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Introduction 

Currently, dental implantation is widespread in 

surgical dentistry and is one of the most optimal 

ways to restore the chewing function of the patient.1 

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.2 

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 

volume of bone tissue in the area of the dental implant 

platform, after the start of its functioning.3 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 I. 

Urban serves to increase the horizontal volume of 

bone tissue when using osteocompensating material 

and a resorbable membrane. The resulting 

conglomerate is immobilized by pins and sutured.4 

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.5 

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. 

 

 

Material and methods 

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 

women and <115 g/l for men); pregnancy; oncological 

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. 
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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 

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 1. The initial  situation. Vestibular 

projection. Implants 3.5, 3.6 were 

prosthetics 4 years ago 

Figure 2. The initial  situation. X-ray of 

dental implants in positions 3.5, 3.6 

 

 
 

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.6-9 

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 

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 3. The initial  situation of the 

CBCT   

Figure 4. Soft tissue defect of the 

alveolar process. The absence of an 

attached keratinized gum 

Figure 5. Soft tissue defect of the 

alveolar process. The absence of an 

attached keratinized gum 

 

 

In this regard, manipulations to create an attached 

gum zone were included in the treatment plan, since it 

is known that one of the conditions for the formation 

of a protective soft tissue barrier is the presence of a 

strip of attached gum in the periimplant area with a 

width of about 4 mm10. 

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.11 

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 
 

¶ Oral cavity Scan (STL) (Figure 6); 

¶ Obtaining a model of the mandible from the 

CBCT (STL) (Figure 7); 

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

¶ Modeling of the navigation template 

(Dicom+STL) (Figure 10,11); 

¶ Modeling of the template and bone block in the 

"plastycad" program (Figure 12). The surgical 

stage; 

¶ Installation of two dental implants according to 

a digital surgical template in a strictly; 

¶ Planned position, simultaneously with the fixation 

of an individual bone graft (Figures 15, 21); 

¶ Installation of gum shapers, soft tissue plastics to 

increase the volume of the attached gum (Figures 

24-27); 

¶ Orthopedic stage; 

¶ Manufacture of ZrO2 designs. 

 

The preparatory stage 
 

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 cavity scan 

(STL) 

Figure 7. Obtaining a model of the 

mandible from the CBCT (STL) 

Figure 8. Bone block modeling 

(STL) 
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Figure 9. Modeling of 

the bone block (STL)  

Figure 10. Navigation 

template modeling (Dicom 

+STL) 

Figure 11. Navigation 

template modeling 

(Dicom+STL)  

Figure 12. Modeling of 

the template and bone 

block in the PlastyCad 

program 

 

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 stages Surgical stage No. 1 
 

Bone augmentation with simultaneous dental 

implantation 

 

 

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 13. Cut design Figure 14. Visualization 

of the mandibular nerve 

Figure 15. Fixation the 

navigation template to the 

teeth 

Figure 16. Creating a 

bed for dental implants 

 

 

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 

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 17. Pre-installation of 

dental implants to eliminate 

angular divergence 
 

Figure 18. An example of a crack in a 

bone block during surgery 

Figure 19. Positioning of the 

bone block on the alveolar 

process 

    
Figure 20. Perforation of 

the cortical plate 

Figure 21. Installation of 

dental implants 

Figure 22. Fixation of 

the bone block with 

dental implants 

Figure 23. The initial  

situation before installing 

of the gum shaper 

 

 

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 stage No. 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 

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.12 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. 

It is 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. The design of 

the incision before 

installing the gum shaper  

Figure 25. Dental implant 

cover screws  

Figure 26. Removing the 

cover screws 

Figure 27. Installation of 

gum shapers 

 
 

After installing the gum shapers, a permanent 

zirconium dioxide structure supported by implants 

was fixed, made individually after scanning the 

patient's oral cavity (Figures 28, 29). After 10 days, no 

complaints were found at the control examination. 

 
 

   

Figure 28. Fixation of a permanent 

structure supported by implants, 

vestibular projection 

Figure 29. Fixation of a permanent 

structure supported by implants, 

occlusal projection 

Figure 30. X-ray after surgery 

 

 

 

Results and discussion 

In this clinical case, thanks to digital planning and 

the production of an individual template, it was 

possible: 

¶ eliminate traumatization of anatomically 

important structures during surgery; 

¶ ensure control of the depth of the implantation 

bed; 

¶ optimize orthopedic treatment on implants with 

the distribution of chewing loads. 

 

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 

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 ISQ MegaGen device, which is 

designed to determine the area of contact between 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. Formation of a 

stable soft tissue buffer 

zone around the installed 

implant 3.5 

Figure 32. Formation of a 

stable soft tissue buffer 

zone around the installed 

implant 3.6 

Figure 33. Stabilization 

of the implant in 

position 3.5  

Figure 34. Stabilization 

of the implant in position 

3.6 

 

 

 

Conclusion 

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 

satisfaction and quality of life. 

 

 

Declarations 

Conflicts of interest and financial disclosures  

The author declares that he has no conflict percent 

and there was no external source of funding for the 

research in question.  

 

Ethical approval  

The study was approved by the University ethics 

committee and was conducted in accordance with the 

Declaration of the World Medical Association.  

 

Informed consent 

Informed consent was obtained from all individual 

participants included in the study. 

 

Source of funding 

The work was not funded. 

 

 

 

 

 
 

1. Bondarets AI, Gunenkova IV, Samoĭlova NV. 

Some aspects of terminology, classification and 

incidence of hypodontia. Stomatology. 

2014;2:47—51. eLibrary ID: 21568146 

2. Park KB, Park SJ, Dinu C, et al. New suggestions 

of success criteria for dental implants: a 

comprehensive review&update. International 

Journal of Future Dentistry. 2021;1(2):92—98 

3. Lysov AD, Postnikov MA, Chigarina SE, 

Alesheva MD, Lysova VA. The application of the 

medication Superlimf in the peri-implant area after 

vestibuloplasty. Clinical Dentistry (Russia). 

2024;27(1):40—48. doi:10.37988/1811-

 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Lysov AD, Postnikov MA, Krapchatov VV, et al. Digital Protocol of Dental Implantation with the Use of an Individual 

Bone Graft and the Creation of a Soft-Tissue Barrier. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):98-

108. doi:10.58240/1829006X-2024.2-98  

106 

153X_2024_1_40 

4. Urban I. Vertical and horizontal ridge 

augmentation: new perspectives. 1st ed. Germany: 

Quintessence Publishing 2017. p. 117-146. Urban 

I. Vertical 2: The Next Level of Hard and Soft 

Tissue Augmentation. 1st Edition. Germany: 

Quintessence Publishing 2022. p. 6-7 

5. Khoury F, Hanser T. 3D vertical alveolar crest 

augmentation in the posterior mandible using the 

tunnel technique: A 10-year clinical study. Int J 

Oral Implantol (Berl). 2022;15(2):111-126 

6. Rajalakshmi SB, Rajasekar A, Thiyaneswaran N. 

Correlation Between Width Of Keratinized 

Gingiva And Peri-Implant Health Status In 

Mandibular First Molar - A Cross Sectional Study. 

Journal of Pharmaceutical Negative Results. 

2022;13(9):8746–8752. 

doi:10.47750/pnr.2022.13.S09.1026 

7. Ramanauskaite A, Schwarz F, Sader R. Influence 

of width of keratinized tissue on the prevalence of 

peri-implant diseases: A systematic review and 

meta-analysis. Clin Oral Implants Res. 

2022;33(23):8-31. doi:10.1111/clr.13766 

8. Vlachodimou E, Fragkioudakis I, Vouros I. Is 

There an Association between the Gingival 

Phenotype and the Width of Keratinized Gingiva? 

A Systematic Review. Dent J (Basel). 

2021;9(3):34. doi:10.3390/dj9030034 

9. Lysov AD. Clinical and laboratory justification of 

new vestibuloplasty technology during the 

formation of the periimplant buffer zone: master’s 

thesis. Samara: Samara State Medical University, 

2020;191 

10. Lysov AD, Saadoun AP. Periodontal, Functional, 

and Esthetic Integration of Peri-Implant Soft 

Tissue: WHS Concept. Journal of Oral 

Implantology. 2022;18-25. doi:10.1563/aaid-joi-

D-21-00103 

11. Popov NV, Kolsanov AV, Trunin DA, Volova LT, 

Nikolaenko AN. Dental implantation with digital 

reconstruction of the alveolar bone. Samara State 

Medical University of the Ministry of Health of the 

Russian Federation. 2020;45-51. 

12. Bulanov SI, Lysov AD, Lysova MD, Lysov DN, 

Sofronov MV. A method for increasing the volume 

of soft tissues using a free connective tissue 

autograft in installation of gum shapers on dental 

implants. Patent of the Russian Federation. 2016 

 

 

 

 

ԱՏԱՄՆԵՐԻ ԻՄՊԼԱՆՏԱՑԻԱՅԻ ԹՎԱՅԻՆ ԱՐՁԱՆԱԳՐՈՒԹՅՈՒՆ՝ ՕԳՏԱԳՈՐԾԵԼՈՎ 

ԱՆՀԱՏԱԿԱՆ ՈՍԿՐԱՅԻՆ ՓՈԽՊԱՏՎԱՍՏՈՒՄ և ՍՏԵՂԾԵԼՈՎ ՓԱՓՈՒԿ ՀՅՈՒՍՎԱԾՔՆԵՐԻ 

ՊԱՏՆԵՇ 

 

Ալեքսանդր Դմիտրիևիչ,1 Միխայիլ Պոստնիկով,2 Կրապչատով Վլադիսլավ,3 Ելենա Բուլիչևա,4  

Իվան Բուտյուգին,5 Յուլիա Ալպատիևա,6 Վալերիա Լիսովա,7 Ելիզավետա Պոստնիկովա8 

 
1. Բժշկական գիտությունների թեկնածու, Ռեավիզ բժշկական համալսարանի ստոմատոլոգիայի ամբիոնի 

դոցենտ, Սամարա, Ռուսաստան 
2. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, Ռուսաստանի առողջապահության նախարարության 

Սամարայի պետական բժշկական համալսարանի թերապևտիկ ստոմատոլոգիայի ամբիոնի վարիչ, 

Սամարա, Ռուսաստան 
3. Ընդհանուր ստոմատոլոգ, վիրաբույժ ստոմատոլոգ, օրթոպեդ ստոմատոլոգ, ստոմատոլոգիական 

կլինիկա «Դենտալ-Անտիստրես», Սամարա, Ռուսաստան 
4. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, օրթոպեդիկ ստոմատոլոգիայի և նյութագիտության 

ամբիոնի պրոֆեսոր ակադ. I. P. Pavlova Սանկտ Պետերբուրգի առաջին պետական բժշկական 

համալսարանի մեծահասակների օրթոդոնտիայի դասընթացով, Ռուսաստանի Դաշնության 

Առողջապահության նախարարության, Սանկտ Պետերբուրգ, Ռուսաստան 
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5. Բժշկական գիտությունների թեկնածու, դոցենտ, Սանկտ Պետերբուրգի բժշկասոցիալական ինստիտուտի 

կլինիկական ստոմատոլոգիայի ամբիոնի դոցենտ, Սանկտ Պետերբուրգ, Ռուսաստան,  
6. Բժշկական գիտությունների թեկնածու, օրթոպեդիկ ստոմատոլոգիայի և նյութագիտության ամբիոնի 

ասիստենտ մեծահասակների օրթոդոնտիայի դասընթացով, ակադ. I. P. Pavlova Սանկտ Պետերբուրգի 

առաջին պետական բժշկական համալսարանի անվ. Ռուսաստանի Դաշնության Առողջապահության 

նախարարության, Սանկտ Պետերբուրգ, Ռուսաստան 
7. Ռուսաստանի Առողջապահության նախարարության Սամարայի պետական բժշկական համալսարանի 

Ստոմատոլոգիական ֆակուլտետի ուսանող, Սամարա Ռուսաստան  
8. Պերմի անվան պետական բժշկական համալսարանի Ստոմատոլոգիական ֆակուլտետի ուսանող, Պերմ, 

Ռուսաստան 

 

Ամփոփում 

Հոդվածում ներկայացված է 3-րդ սեգմենտի մասնակի երկրորդական ադենտիայով հիվանդի վերականգնման 

մեթոդ՝ բարդացած ալվեոլային պրոցեսի ատրոֆիայով։ Բուժման ընթացքում կատարվել է ոսկրային 

հյուսվածքի մեծացում՝ անհատական ոսկրային փոխպատվաստման միջոցով՝ իմպլանտների 

միաժամանակյա տեղադրմամբ, պայմաններ են ստեղծվել փափուկ հյուսվածքային պատնեշի ձևավորման 

համար, տեղադրված իմպլանտների հիման վրա ստեղծվել են մշտական օրթոպեդիկ կառույցներ։ 

Նկարագրված են ոսկրային փոխպատվաստման ընդհանուր տեսակները՝ ըստ Կուրիի և Ուրբանի: 

Ներկայացված է կլինիկական դեպք՝ նախնական իրավիճակ, անամնեզ, ռադիոգրաֆիա, CBCT: 

Նկարագրված է տվյալ կլինիկական դեպքում բուժման ընտրության ժամանակ որոշումների կայացման 

տրամաբանությունը՝ հաշվի առնելով հիվանդի անհատական առանձնահատկությունները: Ցուցադրված են 

ալվեոլային ոսկրերի վերականգնման մեթոդով նավիգացիոն իմպլանտացիայի վրա հիմնված վիրաբուժական 

միջամտության տեսակի էությունն ու առանձնահատկությունները։ Նկարագրված են մեկ թվային 

տարածության օգտագործման առավելությունները: Նախապատրաստական փուլում հիվանդի բերանի 

խոռոչը սկանավորվում է և CBCT-ից ստացվում է ծնոտի մոդել STL ձևաչափով: Թվային պլանավորման փուլը 

ներառում է ոսկրային բլոկի մոդելավորում, նավիգացիոն կաղապարի մոդելավորում և այդ մոդելավորումների 

համատեղում: Նկարագրված են «Diagnocat», «RealGuide», «PlastyCad» ծրագրերը: Վիրահատական փուլում 

ատամնաբուժական իմպլանտները տեղադրվում են թվային վիրաբուժական կաղապարի միջոցով՝ խիստ 

պլանավորված դիրքում՝ անհատական ոսկրային փոխպատվաստման ֆիքսման հետ միաժամանակ։ Երկրորդ 

վիրաբուժական փուլում լնդերի ձևավորիչները տեղադրվում են փափուկ հյուսվածքների մեկ փուլով 

պլաստիկ վիրահատությամբ։ Նկարագրված է փափուկ հյուսվածքների պլաստիկ վիրաբուժության մեթոդն 

ըստ Կազանջանի։ Բուժման այս մեթոդի կիրառման արդյունքները ներկայացված են և դրա 

արդյունավետությունը ցուցադրվում են այնպիսի ցուցիչներով, ինչպիսիք են՝ տեղադրված իմպլանտների 

դիրքում նոր ոսկրային հյուսվածքի բարձրությունը, իմպլանտի հարթակից սկսած կերատինացված լնդի 

բարձրությունը և ատամնաբուժական իմպլանտների կայունացումը ISQ MegaGen սարքը վիրահատությունից 

4 ամիս անց.  

Եզրակացություն. Նկարագրվում է թվային տեխնոլոգիաների ազդեցությունը Ստոմատոլոգիական 

պրակտիկայի վրա և հոդվածում նկարագրված բուժման արձանագրության երկարաժամկետ օգուտները։ 

 

 

 

ЦИФРОВОЙ ПРОТОКОЛ ДЕНТАЛЬНОЙ ИМПЛАНТАЦИИ С ПРИМЕНЕНИЕМ 

ИНДИВИДУАЛЬНОГО КОСТНОГО ТРАНСПЛАНТАТА И СОЗДАНИЕМ МЯГКОТКАНОГО 

БАРЬЕРА 

 

Александр Лысов,1 Михаил Постников,2 Владислав Крапчатов,3 Елена Булычева,4 Иван Бутыгин,5 

Юлия Алпатьева,6 Валерия Лысова,7 Елизавета Постникова8 

 
1. Доцент кафедры стоматологии Медицинского университета «Реавиз». Самара, РФ 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Lysov AD, Postnikov MA, Krapchatov VV, et al. Digital Protocol of Dental Implantation with the Use of an Individual 

Bone Graft and the Creation of a Soft-Tissue Barrier. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):98-

108. doi:10.58240/1829006X-2024.2-98  

108 

2. Профессор, заведующий кафедрой терапевтической стоматологии ФГБОУ ВО «Самарский 

государственный медицинский университет» Минздрава России, Самара, РФ. 
3. Стоматолог общей практики, хирург-стоматолог, стоматолог-ортопед, Стоматологическая клиника 

«Дентал-Антистресс», Самар, РФ 
4. Профессор, профессор кафедры ортопедической стоматологии и материаловедения с курсом ортодонтии 

взрослых Федерального государственного бюджетного образовательного учреждения высшего 

образования «Академик И.П. Павлова Первая ул. Санкт-Петербургский государственный медицинский 

университет» Минздрава России. Санкт-Петербург, РФ 
5. Доцент, доцент кафедры клинической стоматологии Частного образовательного учреждения высшего 

образования «Санкт-Петербургский медико-социальный институт». Св. Петербург, РФ 
6. Ассистент кафедры ортопедической стоматологии и материаловедения с курсом ортодонтии взрослых 

ФГБОУ ВО «Академик И.П. Павлова Первая ул. Санкт-Петербургский государственный медицинский 

университет» Минздрава России. Санкт-Петербург, РФ 
7. Студентка института стоматологии ФГБОУ ВО «Самарский государственный медицинский университет» 

Минздрава России. Самара, РФ 
8. Студентка стоматологического факультета И.М. Первый Московский государственный медицинский 

университет имени Сеченова (Сеченовский университет). Москва, РФ 

 

Резюме 

В статье представлен метод реабилитации пациента с частичной вторичной адентией в 3 сегменте, 

осложненной атрофией альвеолярного отростка. В ходе лечения выполнялась аугментация костной ткани с 

применением индивидуального костного трансплантата с одномоментной установкой деннтальных 

имплантатов, создавались условия для формирования мягкотканого барьера, изготавливались постоянные 

ортопедические конструкции с опорой на установленные имплантаты. Описываются распространенные виды 

костной пластики по Кури и Урбану.  

Представляется клинический случай: исходная ситуация, анамнез, рентгенограмма, КЛКТ. Описывается 

логика принятия решения при выборе лечения в рамках данного клинического случая с учетом 

индивидуальных особенностей пациента.  Демонстрируются суть и особенности вида хирургического 

вмешательства на основе навигационной имплантации с применением метода реконструкции альвеолярной 

кости. Описываются преимущества использования единого цифрового пространства. На подготовительном 

этапе происходит сканирование полости рта пациента, получение модели челюсти из КЛКТ в формате STL. 

На этапе цифрового планирования происходит моделирование костного блока, моделирование 

навигационного шаблона и объединение этих моделировок. Описываются программы «Диагнокат», 

«RealGuide», «PlastyCad».  

На хирургическом этапе осуществляется установка дентальных имплантатов по цифровому хирургическому 

шаблону в строго запланированном положении, одномоментно с фиксацией индивидуального костного 

транспланатата. На втором хирургическом этапе осуществляется установка формирователей десны с 

одномоментной пластикой мягких тканей. Описывается способ пластики мягких тканей по Казанджану. 

Приводятся результаты использования данного способа лечения и демонстрируется его эффективность с 

помощью таких показателей как высота новой костной ткани в позиции установленных имплантатов, высота 

кератинизированной десны начиная от платформы имплантатов и стабилизация дентальных имплантатов с 

помощью аппарата ISQ MegaGen через 4 месяца с момента операции.  

В заключении описывается влияние цифровых технологий на стоматологическую практику и преимущества 

описанного в статье протокола лечения в долгосрочной перспективе. 
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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. 
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Introduction 

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.1 

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.2-4 
 

Causes of the disease gingival fibromatosis: 

¶ Genetic pathology - single gene mutations, some 

forms of Down syndrome; 

¶ Long-term use of certain medications - 

antiepileptic drugs, immunosuppressants; 

¶ 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.5 

Connective tissue consists of excess collagen and 

contains relatively few fibroblasts and blood vessels.6,7 

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.8,9 

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 I collagen.1 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.10 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.11,12 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.13 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.14 

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.15-18 

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.19-20 

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.21-23 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 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

Tatintsyan L, Yessayan L, Tarasenok V, et al. Clinical Effectiveness of Treatment of Gingival Fibromatosis. Clinical Case 

Report. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):109-116. doi: 10.58240/1829006X-2024.2-109 

111 

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.24,25,26 

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. 

 

 

Clinical case report 

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 

recession in the area of the 11th tooth. 

 

 
 

Figure 1. Preliminary diagnosis: gingival 

fibromatosis 

 

Treatment plan and progress: 
 

Clinical stage 1 
 

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.

 

   
Figure 2. Excess gum tissue is excised 

to the level of physiological norm 

Figure 3. Biopsy material in 

formaldehyde solution 

Figure 4. The wound surface gingival self-

adhesive film with solcosperyl (Diplen Denta S) 

was applied 
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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.

 

  
a b 

Figure 5. HE 200x Epithelial hyperplasia, acanthosis, nipple elongation, thinning, areolar fibrosis, 

inflammatory infiltrate is seen 

 

  

a b 

Figure 6a. HE 200x Hank's hyalinized collagen 

fibrils with different orientations, paravascular 

lymphoplasmacytic infiltrates 

Figure 6b. HE 400x Hank's hyalinized collagen 

fibrils with different orientations, paravascular 

lymphoplasmacytic infiltrates 

 

 

Stage 2 wedge (after 1 week) 
 

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 

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 weeks after surgery 

 

 

Stage 3 after surgery  
 

Final control of the gum regeneration process and 

giving recommendations. 

Inspection of the post-paricion 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. 

Recommendations: The patient was warned about 

a possible relapse and also instructed on hygiene 

measures. 

 

Conclusion 

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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ԼՆԴԵՐԻ ՖԻԲՐՈՄԱՏՈԶԻ ԲՈՒԺՄԱՆ ԿԼԻՆԻԿԱԿԱՆ ԱՐԴՅՈՒՆԱՎԵՏՈՒԹՅՈՒՆԸ. 

ԿԼԻՆԻԿԱԿԱՆ ԴԵՊՔԻ ՀԱՇՎԵՏՎՈՒԹՅՈՒՆ 

 

Լյուդմիլա Տատինցյան,1 Լազար Եսայան,2 Վլադիսլավ Տարասենոկ,3 Ռոման Ալավերդյան,3 

Կարմեն Սահակյան,4 Գայանե Հակոբյան,5 Վալերի Տատինցյան6 

 
1. Երևանի պետական բժշկական համալսարանի թերապևտիկ ստոմատոլոգիայի ամբիոնի դոցենտ, Երևան, 

Հայաստան 
2. Պրոֆեսոր, Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի թերապևտիկ 

ստոմատոլոգիայի ամբիոնի վարիչ, Երևան, Հայաստան 
3. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի oրդինատոր, Երևան, Հայաստան 
4. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի հյուսվածաբանության և 

սաղմնաբանության ամբիոնի վարիչ, պրոֆեսոր, Երևան, Հայաստան 
5. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի ախտաբանական անատոմիայի և 

կլինիկական մորֆոլոգիայի ամբիոնի դասախոս, Երևան, Հայաստան, 
6. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի թերապևտիկ ստոմատոլոգիայի 

ամբիոնի պրոֆեսոր, Երևան, Հայաստան 

 

Ամփոփում 

Լնդերի ֆիբրոմատոզը լնդի և պարoդոնտի հատվածում ֆիբրոզ հյուսվածքի անվերահսկելի աճն է: Այն կարող 

է լինել ժառանգական կամ ձեռքբերովի և ունի պռոզրեսիվ բնույթ, լնդային ֆիբրոմատոզը կարող է մասամբ 

կամ ամբողջությամբ ծածկել ատամները՝ առաջացնելով էսթետիկ, հնչյունական և ծամելու զգալի 

խանգարումներ, որոնք պահանջում են վիրահատական բուժում: 

Պաթոլոգիայի հիմնական ախտանշանները՝ ֆիբրոմատոզի հատվածում պսակների մասնակի կամ 

ամբողջական ծածկում, աճի հարթ կլորացված եզրեր, հիպերտրոֆիկ հյուսվածքների խտության ավելացում, 

լնդերի հավասար վարդագույն երանգ և արյունահոսության բացակայություն: Ախտանիշների 

ինտենսիվությունը որոշում է հիվանդության փուլը: Տարբերությունն այն է, որ եթե կիզակետային ձևով 

ձևավորվում է միայն մեկ ախտահարում, ապա ընդհանրացված ձևով մի քանի պաթոլոգիական տարածքներ 

միաձուլվում են միմյանց հետ: Առանց բուժման, հյուսվածքների աճը անխուսափելիորեն կհանգեցնի 

ուղեկցող պաթոլոգիաների զարգացմանը, պարoդոնտալ գրպանների ձևավորում, ոսկրերի ատրոֆիա, առողջ 

ատամների կորուստ և ծամելու ֆունկցիայի խանգարում։ 

Այս դեպքի զեկույցում մենք քննարկում ենք 33-ամյա կնոջ դեպքը, ով ներկայացել է լնդերի գերաճով (լնդային 

ֆիբրոմատոզ): Ախտորոշումը հիմնված է կլինիկական, ռադիոլոգիական և ախտահիստոլոգիական 

հետազոտությունների վրա: Այս դեպքում կատարվել է արտաքին գինգիվոտոմիա՝ տեղային անզգայացման 

տակ ստորին ծնոտի վրա։ Բուժումը տեղի է ունեցել հատուկ ինքնասոսնձվող թաղանթի տակ (Diplen Denta S 

(solcoseryl-ով)), հիվանդը գոհ է մնացել։ Հիվանդին զգուշացվել է հնարավոր ռեցիդիվների մասին, ինչպես նաև 

հրահանգվել է հիգիենայի միջոցների մասին։ 
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Резюме 

Фиброматоз десен – это неконтролируемый рост фиброзной ткани в области десен и пародонта Фиброматоз 

может быть наследственным или приобретенным, носить прогрессирующий характер и может частично или 

полностью покрывать зубы, вызывая значительные эстетические, фонетические и жевательные нарушения, 

требующие хирургической коррекции. 

Основные симптомы патологии: частичное или полное зарастание фиброз тканей в области коронок; ровный 

закругленный край наростов; повышенная плотность гипертрофированных тканей; ровный розовый оттенок 

десен и отсутствие кровоточивости. Отличие состоит в том, что если при очаговой форме формируется лишь 

единичный очаг, то при генерализованной форме несколько патологических участков сливаются друг с 

другом. Без лечения разрастание тканей неизбежно приведет к развитию сопутствующих патологий, 

образование пародонтальных карманов, атрофия костей, потеря здоровых зубов и нарушение функции 

жевания. 

В этом клиническом отчете мы обсуждаем случай 33-летней женщины, у которой наблюдался разрастание 

десен (фиброматоз десен). Диагноз был основан на клинических, рентгенологических и патогистологических 

исследованиях. В этом случае под местной анестезией была выполнена наружная гингивотомия на нижней 

челюсти. Заживление проходило под специальной самоклеящейся мембраной (Диплен Дента С (с 

солкосерилом), пациентка осталась довольна. Больную предупредили о возможном рецидиве, а также 

проинструктировали о мерах гигиены. 
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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: ISQ (Implant Stability Quotient) and, 

MBL (Marginal Bone Level). 

Results: Only minor prosthetic complications were recorded. When installing implants, the average value of ISQ 

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. 
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Introduction  

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.1-3 

Implant dentistry, based on Bråenemark's well-

documented research and supported by numerous 

reports over the past decades, have confirmed its 

outstanding effectiveness.4,5 

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 ubiquitous6. 

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.7 

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.8,9 

Immediate prosthetic concept consists of fixing the 

abutments and CAD/CAM manufactured temporary 

structure immediately after implant installation.10-12 

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.13-15 

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.16-

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. 

 

 

Materials and methods 

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. 

Before surgery, the patient washed with a 0.2% 

chlorhexidine solution for 1 minute. Local anesthesia 

was induced with a 4% solution of articaine with 

adrenaline in a ratio of 1:100,000. Implants were 

installed according to a pre-planned position according 

to a standard protocol. A total of 356 Bio3 implants 

GmbH (Germany) were placed, 67 of which were 

inserted into extraction sockets. Implants were placed 

with minimum of 35Ncm insertion torque value with 

the graded torque wrench. After installing the implants, 

the primary stability of ISQ (Implant Stability 

Quotient) implants was assessed by resonance 

frequency analysis (RFA) during implant placement, 

after 4-5 months of loading. Then, multi-unit 

abutments abutments were immediately placed their 

height adjusted and suturing was done using 3/0 black 

silk sutures (Ethicon Mersilk, Johnson & Johnson Pvt 

Ltd). The impression transfer was fixed before 

scanning. The scanner is a data acquisition system that 

records the 3D geometry of the infrastructure and 

converts the actual dental model into a virtual dental 

model. After impression transfer scanning, they have 

been removed from multiunit abutments. Based on the 

obtained intraoral scans, temporary prosthetic 

structures were manufactured in the technical 

laboratory; on the second day of implantation, after 

fitting in the oral cavity, they were fixed onto multi-

unit abutments using screws. After fixation with 

25Ncm temporary provisional structures the screw 

access area covered with composite material. In several 

temporary restorations, the occlusion required only 

minor adaptations due to precise digital preoperative 

planning. Final dental prosthetics was performed 4-5 

months after implantation with CAD/CAM software 

(Procera-Software®, Nobel Biocare, Göteborg, 

Sweden) fabricate supported metal-ceramic or 

zirconium dioxide restorations. The accurately fitting 

prosthetic structures was screw retained with 25Ncm 

and the screw access area covered with composite 

material. CT image is taken before implants insertion 

and after prosthetic rehabilitation (stages of immediate 

implant placement with immediate loading are shown 

in the figures 1-8). 

 

 
 

Figure 1. Planning implant placement on CT Program Figure 2. Intraoral scanning before removal of old 

prosthetic structures 
 

  
Figure 3. Intraoral view after implant placement 

 

Figure 4. The impression transfer is installed on a multi-unit 

abutment and scanned 
 

 
 

Figure 5. CT after 2 weeks after implant placement Figure 6. Obtained intraoral scans for the production of 

temporary prosthetic structures 
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Figure 7. Intraoral view one day after implant placement, 

temporary prosthetic structures fixed to a multiunit abutment 

using screws 

Figure 8. Intraoral view 5 month after implant placement, 

final zirconium prosthetic structures fixed to a multiunit 

abutment using screws 

 

 

The clinical indices included the following 

parameters: ISQ, peri-implant marginal bone level 

(MBL), immediately (base line for comparison) and 

3 months, 1 year, 3 years, and 5 years 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. 

 

 

Statistical analysis 

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. 

 

 

Results 

At the one-year follow-up appointment, healthy 

mucosal and stable crestal peri-implant conditions 

observed. The CT optimal prosthetic and osseous 

conditions.  Only minor orthopedic complications were 

recorded. When installing implants, the average value 

of RFA records was 62.8 ISQ (Implant Stability 

Quotient) and after 5 months, respectively, 74.6 ISQ. 

All patients reached the 60-month follow-up period, 

after 12 months the average value of marginal bone 

resorption (MBL) was 091, ± 0.25, after 36 months the 

average value of the MBL value was 1.08 ± 0.42 mm, 

after 60 months the average MBL value was 1.25 ± 

0.37 mm, 

 

Table 1. Mean marginal bone loss (MBL) after 

prosthetic loading 
 

Time after prosthetic loading 

After  12 month After 36 month After 60 month 

0.91± 0.25mm 1.08±0.42 mm 1.25 ± 0.37 mm 

 

The p values <0.05 were considered statistically 

significant 
 

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. 

 

 

Discussion  

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.19,20 

Prosthetic rehabilitation using implants is a long-

term good solution for partially and completely 

edentulous patients, with a high rate of survival and 

success.21 

Typically, the traditional implantation protocol 

includes several stages, after the installation of the 

implants, an osseointegration healing period lasting 

from 2 to 6 months and an oropedic stage that includes 

numerous visits to the prosthetists before the 

installation of the final prosthesis.22 

Since its inception, implant dentistry has developed 

dynamically and now modern protocols of immediate 

implantation and immediate loading are an ideal, 

predictable procedure for replacing teeth and there by 

restoring aesthetics and function.23 

The use of preoperative virtual three-dimensional 

implant planning allowed for controlled and immediate 

implant installation and immediate functional loading 

using accurately fitting provisional prosthetic 

structures was effective.24 

  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.25,26 

The clinical success of immediate functional 
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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.8,27-32 

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.33-36 

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.37 

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. 

 

 

Conclusions 

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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ԻՄՊԼԱՆՏՆԵՐԻ ԱՆՀԱՊԱՂ ՏԵՂԱԴՐՈՒՄ, ԱՆՄԻՋԱԿԱՆ ԲԵՌՆՎԱԾՈՒԹՅՈՒՆ ԼՐԻՎ ԹՎԱՅԻՆ 

ՏԵԽՆՈԼՈԳԻԱՅԻ ՄԻՋՈՑՈՎ ՊԱՏՐԱՍՏՎԱԾ ԻՄՊԼԱՆՏՈՎ ԱՋԱԿՑՎՈՂ ՊՐՈԹԵԶՈՎ; 

ՎԵՐԱՀՍԿՎՈՂ ԴԵՊՔԵՐԻ ՇԱՐՔ 

 

Տիգրան Հակոբյան,1 Ալֆրեդ Գրիգորյան,2 Կուրդ Բոլեն,3 Գագիկ Հակոբյան4 
 

1. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Վիրաբուժական ստոմատոլոգիայի և 

դիմածնոտային վիրաբուժության ամբիոնի ասիստենտ, Կամար ստոմատոլոգիական կենտրոնի 

հիմնադիր, Երևան, Հայաստան 
2. Բժիշկ, Կամար ստոմատոլոգիական կենտրոն, Երևան, Հայաստան 
3. Պրոֆեսոր Օլսթեր համալսարան, Բիրմինգհեմ, Միացյալ Թագավորություն 
4. Պրոֆեսոր, Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Վիրաբուժական 

ստոմատոլոգիայի և դիմածնոտային վիրաբուժության ամբիոնի վարիչ, Հայաստան 

 

Ամփոփում 

Նպատակը. Այս հեռանկարային դեպքերի շարքի ուսումնասիրության նպատակն էր գնահատել 

իմպլանտների անհապաղ բեռնման կլինիկական արդյունքները վիրաբուժական պլանավորման եռաչափ 

ծրագրաշարի միջոցով: 

Նյութեր և մեթոդներ. Հետազոտությունն ընդգրկել է 84 հիվանդի, որոնք բուժվել են համակարգչային 3D 

պլանավորման անմիջական բեռնման վիրաբուժական արձանագրության միջոցով և վերականգնվել 

CAD/CAM տեխնոլոգիայի միջոցով պատրաստված ֆիքսված ժամանակավոր պրոթեզով: Ընդհանուր 

առմամբ տեղադրվել է 356 իմպլանտ, որոնցից 67-ը տեղադրվել են անհապաղ։ Կլինիկական ցուցանիշները 

ներառում էին հետևյալ պարամետրերը՝ ISQ, MBL: 

Արդյունքներ. Արձանագրվել են պրոթեզավորման միայն աննշան բարդություններ: Իմպլանտների 

տեղադրման ժամանակ RFA գրառումների միջին արժեքը կազմել է 62,8 ISQ (Իմպլանտի կայունության 

գործակից) և 5 ամիս հետո, համապատասխանաբար, 74,6 ISQ: Բոլոր հիվանդները հասել են 60-ամսյա 

հսկողության շրջանին, 12 ամիս հետո սահմանային ոսկրային ռեզորբցիայի միջին արժեքը (MBL) եղել է 091, 

± 0,25, 36 ամսից հետո MBL-ի միջին արժեքը եղել է 1,08 ± 0,42 մմ, 60-ամիսից հետո MBL-ի միջին արժեքը 

եղել է 1,25 ± 0,37 մմ, կուտակային գոյատևման մակարդակը`97,8%:Արդյունքները հաստատում են 

վիրաբուժական և պրոթեզավորման այս արձանագրության արդյունավետությունը։ 

Եզրակացություն. Համակարգչային եռաչափ վիրտուալ պլանավորման, իմպլանտների անհապաղ 

տեղադրման և CAD/CAM-ի միջոցով պատրաստված ժամանակավոր կառույցների անհապաղ բեռնումը թույլ 

տվեցին բուժման կարճ գործընթաց՝ կանխատեսելի էսթետիկ և ֆունկցիոնալ արդյունքներով: 
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НЕМЕДЛЕННАЯ УСТАНОВКА ИМПЛАНТАТА, НЕМЕДЛЕННАЯ НАГРУЗКА С ПОЛНОСТЬЮ 

ЦИФРОВЫМ ИЗГОТОВЛЕНИЕМ ПРОТЕЗА ПОДДЕРЖИВАЕМОГО ИМПЛАНТАТОМ; СЕРИЯ 

КОНТРОЛИРУЕМЫХ СЛУЧАЕВ 

 

Тигран Акопян,1 Альфред Григорян,2 Курд Боллен,3 Гагик Акопян4 
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Ереванского государственного медицинского университета им. М. Гераци, Армения 

 

Абстракт 

Цель: Целью этого проспективного исследования серии случаев была оценка клинических результатов 

немедленной нагрузки на имплантат с использованием программного обеспечения для трехмерного 

хирургического планирования. 

Материалы и методы: В исследование были включены 84 пациента, пролеченных с использованием 

компьютерного 3D-планирования хирургического протокола с немедленной нагрузкой и реабилитированных 

с помощью фиксированной временной конструкции, изготовленной с помощью CAD/CAM. Всего было 

установлено 356 имплантатов, 67 из которых вставлены в лунки для экстракции. Клинические индексы 

включали следующие параметры: ISQ, MBL. 

Результаты: Были зарегистрированы только незначительные осложнения при протезировании. При 

установке имплантатов среднее значение записей RFA составило 62,8 ISQ (Коэффициент стабильности 

имплантата) и через 5 месяцев соответственно 74,6 ISQ. Все пациенты достигли 60-месячного срока 

наблюдения, через 12 мес среднее значение маргинальной костной резорбции (MBL) составило 091, ± 0,25, 

через 36 мес среднее значение среднего значения MBL составило 1,08 ± 0,42 мм, через 60 мес. месяцев среднее 

значение MBL составило 1,25±0,37 мм, кумулятивная выживаемость составила 97,8%. Результаты 

подтверждают эффективность этого хирургического и ортопедического протокола. 

Выводы: Компьютерное трехмерное виртуальное планирование, сочетание немедленной установки 

имплантатов и немедленной нагрузки временных конструкций с использованием CAD/CAM позволило 

сократить процесс лечения с предсказуемыми эстетическими и функциональными результатами. 
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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. 
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Introduction 

Musculoskeletal pain (MSP) is a serious workplace 

hazard for dental professionals, affecting not only 

individual health but also organizational productivity 

and financial stability.1 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.2 This Work-

related MSP can have significant socio-economic 

consequences caused by disability, absenteeism, lower 

job quality, and lower job satisfaction.3 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.4 In Italy, 87.2% of dental practitioners 

reported having MSP; in Peru, 91.4% reported having 

MSP.5 In Pakistan,6 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,7-10 with females and ergonomic behavior 

being the key risk factors.10-12 

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.13 

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.14 

Additionally, repetitive force, mechanical stressors, 

vibration, cold temperature, and extrinsic stress 

increase the risk further.15 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.16-18 However, the frequency of 

MSDs among dental professionals varies greatly across 

India due to differences in MSD risk factors and 

predictors.19 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. 

 

 

Materials and Methods 

Study design and sampling 

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/Z21-

α/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%.17 

The snowball sampling technique was employed to 

choose participants.  

 

Participants 

Dental professionals working in the clinical 

facilities at the data collection stage and who have 

completed their graduation or postgraduation in 
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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.  

 

Data collection tool and procedure 

The planning and administration of data collection 

were done in adherence with the “Checklist for 

Reporting Results of Internet E-Surveys” 

(CHERRIES) checklist.20 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.21 

 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.  

 

 

Statistical analysis  

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. 

 

 

Results 

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 practice-related characteristics of the respondents according to gender 

 

Characteristics 
 

Male (n=81) Female (n=39) Total (n=120) P-value 

N % n % n %  

Professional 

Experience (years) 

0 – 5  16 19.8 17 43.6 33 27.5 0.055NS 

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 

days per week 

(Days) 

5 6 7.4 7 17.9 13 10.8 0.163NS 

6 56 69.1 28 71.8 84 70.0 

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 

work per day 

(hours) 

<4 1 1.2 1 2.6 2 1.7 0.001*** 

4 – 6 9 11.1 19 48.7 28 23.3 

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 

practice 

Sitting 74 91.4 37 94.9 111 92.5 0.716NS 

Standing 7 8.6 2 5.1 9 7.5 

Type of dental 

practice 

General 43 53.1 15 38.5 58 48.3 0.133NS 

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 

dental practice (No. 

of Hands) 

Two  15 18.5 12 30.8 27 22.5 0.202NS 

Four 53 65.4 24 61.5 77 64.2 

Six 13 16.0 3 7.7 16 13.3 

Use of 

magnification in 

dental practice 

Naked eyes 55 67.9 29 74.4 84 70.0 0.360NS 

Magnification 

Loupes 

18 22.2 9 23.1 27 22.5 

Microscope 8 9.9 1 2.6 9 7.5 

Use of pediatric 

chairs 

Yes 4 4.9 4 10.3 8 6.7 0.434NS 

No 77 95.1 35 89.7 112 93.3 

Use of OT tables 2 – 4 hrs 5 6.2 1 2.6 6 5.0 0.625NS 

4 – 6 hrs 1 1.2 0 0.0 1 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. 

 

 

Lifestyle characteristics 

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 lifestyle related characteristics of the respondents according to 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 32.5 

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 11.1 2 5.1 11 9.2 

Indoor/Outdoor Sports 9 11.1 1 2.6 10 8.3 

Nil 30 37.0 9 23.1 39 32.5 

Duration of 

Exercise 

30-Min 22 27.2 15 38.5 37 30.8 0.248NS 

45-Min 16 19.8 11 28.2 27 22.5 

1-Hour and More 13 16.0 4 10.3 17 14.2 

Nil 30 37.0 9 23.1 39 32.5 
 

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. 

 

 

Health-related responses 

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 incidence of various health-related issues of the respondents according to gender (n = 120) 

 

Characteristics  Male (n=81) Female (n=39) Total (n=120) P-value 

n % N % n % 

Suffer from any 

work-related 

aches and pain 

Yes 45 55.6 19 48.7 65 53.3 0.482NS 

Nil 36 44.4 20 51.3 56 46.7 

Area of Pain Back Pain 14 17.3 1 2.6 15 12.5 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 5.1 4 3.3 

Nil 36 44.4 20 51.3 56 46.7 

Have any medical 

problems other 

than dentistry 

Yes 16 19.8 8 20.5 24 20.0 0.922NS 

Nil 65 80.2 31 79.5 96 80.0 



Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

 

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 

131 

Type of medical 

problem 

Hypertension 7 43.8 2 25.0 9 37.5 0.323NS 

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 

stressful 

Yes 55 67.9 13 33.3 68 56.7 0.001*** 

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. 

 

 

Ergonomic awareness 

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). 

 

 

Table 4. Distribution of responses regarding ergonomics of the respondents according to gender (n = 120) 

 

Characteristics  Male (n=81) Female (n=39) Total (n=120) P-value 

n % N % n % 

Dental ergonomics 

taught in school as a 

part of the 

curriculum 

Yes 22 27.2 18 46.2 40 33.3 0.039* 

No 59 72.8 21 53.8 80 66.7 

Ever attended any 

workshop on the 

prevention of 

musculoskeletal 

disorders (MSDs) 

Yes 6 7.4 4 10.3 10 8.3 0.726NS 

No 75 92.6 35 89.7 110 91.7 

 

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. 

 

 

Practice-related characteristics of the 

respondents according to age group 

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). 

 

 

Table 5. Distribution of practice-related characteristics of the respondents according to age group (n = 120) 

 

Characteristics  Age Group (Years) P-value 

<30 (n=26) 30 – 39 (n=55) >40 (n=39) 

 n % n % n %  

Professional 

Experience (years) 

0 – 5  22 84.6 11 20.0 0 0.0 -- 

5 – 10  4 15.4 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 

days per week 

(Days) 

5 3 11.5 5 9.1 5 12.8 0.469NS 

6 16 61.5 39 70.9 29 74.4  

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 

work per day 

(hours) 

<4 0 0.0 2 3.6 0 0.0 0.070NS 

4 – 6 11 42.3 10 18.2 7 17.9  

6 – 8 7 26.9 27 49.1 14 35.9  

8 – 10 7 26.9 10 18.2 15 38.5  

>10 1 3.8 6 10.9 3 7.7  

Mode of dental 

practice 

Sitting 25 96.2 51 92.7 35 89.7 0.628NS 

Standing 1 3.8 4 7.3 4 10.3  

Type of dental 

practice 

General 7 26.9 31 56.4 20 51.3 0.042* 

Specialty 19 73.1 24 43.6 19 48.7  

Hand (dominance) Right 24 92.3 52 94.5 38 97.4 0.635NS 

 Left 2 7.7 3 5.5 1 2.6  

Assistance during 

dental practice 

(No. of Hands) 

Two  12 46.2 11 20.0 4 10.3 0.005** 

Four 14 53.8 36 65.5 27 69.2  

Six 0 0.0 8 14.5 8 20.5  

Use of 

magnification in 

dental practice 

Naked eyes 24 92.3 36 65.5 24 61.5 0.062NS 

Magnification Loupes 2 7.7 13 26.6 12 30.8  

Microscope 0 0.0 6 10.9 3 7.7  

Use of pediatric 

chairs 

Yes 1 3.8 3 5.5 4 10.3 0.530NS 

No 26 96.2 52 94.5 35 89.7  

Use of OT tables 2 – 4 hrs 1 3.8 3 5.5 2 5.1 0.760NS 

 4 – 6 hrs 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. 

 

 

Lifestyle characteristics 

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. 

 

 

Table 6. Distribution of lifestyle related characteristics of the respondents according to age group (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 34.5 13 33.3 0.358NS 

 Flexibility Training 7 26.9 5 9.1 11 28.2  

Strength Training 3 11.5 5 9.1 3 7.7  

Indoor/Outdoor Sports 2 7.7 5 9.1 3 7.7  

Nil 9 34.6 21 38.2 9 23.1  

Duration of 

Exercise 

30-Min 5 19.2 20 36.4 12 30.8 0.080NS 

45-Min 10 38.5 6 10.9 11 28.2  

1-Hour and More 2 7.7 8 14.5 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. 

 

 

Health issues 

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 incidence of various health-related issues of the respondents according to age group (n = 

120) 

 

Characteristics  Age Group (Years) P-value 

<30 (n=26) 30 – 39 (n=55) >40 (n=39) 

N % N % n % 

Suffer from any 

work-related 

aches and pain 

Yes 15 57.7 24 43.6 25 64.1 0.129NS 

Nil 11 42.3 31 56.4 14 35.9  
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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 

problems other 

than dentistry 

Yes 2 7.7 6 10.9 16 41.0 0.001*** 

Nil 24 92.3 49 89.1 23 59.0  

Type of medical 

problem 

Hypertension 0 0.0 2 3.6 7 17.9 0.022* 

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 5.5 5 12.8  

Nil 24 92.3 49 89.1 23 59.0  

Is your work 

stressful 

Yes 12 46.2 33 60.0 23 59.0 0.472NS 

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. 
 

 

Ergonomic awareness 

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 years, 15.4%) 

compared to the youngest (<30 years, 7.7%) and the 

middle age group (30-39 years, 3.6%). 

 

 

Table 8. Distribution of responses regarding ergonomics of the respondents according to age group (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 

school as a part of the curriculum 

Yes 14 53.8 20 36.4 6 15.4 0.005** 

No 12 46.2 35 63.6 33 84.6  

Ever attended any workshop on 

the prevention of musculoskeletal 

disorders (MSDs) 

Yes 2 7.7 2 3.6 6 15.4 0.126NS 

No 24 92.3 53 96.4 33 84.6  

        
 

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). 

 

 

Discussion  

Our study found that 53.3% of dental professionals 

suffer from work-associated musculoskeletal pain. 

This was comparable to Kumar et al.21 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 India16,22,23 and in 

systematic reviews conducted at the global leve.l7,12 

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 studie16,24 and global systematic revie,7 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.22 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.6,12,25 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.26-28 Contrarily, one Indian study 

reported elbow region as more commonly affected 

among females.16 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.,29 where approximately 

48.1% of participants, irrespective of gender, reported 

experiencing moderate to high levels of stress. 

Research by Phedy et al.30 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.29 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.31 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.21 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.32-34 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.33 

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 yield 

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. 

 

 

Conclusion  

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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Ամփոփում 

Ներածություն. Մկանային-կմախքային ցավը ստոմատոլոգիական մասնագետների համար 

աշխատավայրում լուրջ վտանգ է: Հնդկաստանի տարբեր շրջաններում փորձ է արվել ուսումնասիրել ՄՍՀ-

ների տարածվածությունը և ռիսկի գործոնները: Այնուամենայնիվ, դրանք հիմնականում կապված են 

աշխատավայրի ռիսկի գործոնների հետ և անտեսում են ապրելակերպի և էրգոնոմիկայի իրազեկման 

ազդեցությունը որպես ստոմատոլոգների մկանային-կմախքային ցավի ռիսկի գործոններ: Հետևաբար, այս 

ուսումնասիրությունը նպատակ ուներ գնահատել մկանային-կմախքային ցավի տարածվածությունը 

ստոմատոլոգների և դրա հետ կապված աշխատանքի, ապրելակերպի և իրազեկման հետ կապված ռիսկի 

գործոնների շրջանում: 

Նյութեր և մեթոդներ. Կլինիկական հաստատություններում աշխատող ստոմատոլոգների միջև 

իրականացվել է խաչաձև դիտողական հետազոտություն: Մասնակիցների ընտրության համար կիրառվել է 

ձնագնդի նմուշառման տեխնիկան: Տվյալների հավաքագրման գործիքը կառավարվել է Google Form հարցման 

միջոցով:Կատեգորիկ փոփոխականները ներկայացվել են որպես հաճախականություն և տոկոս: Chi-square-ը 

կիրառվել է P-արժեքով <0,05 որպես նշանակալի: 

Արդյունքներ. Հետազոտությանը ընդգրկվել են 120 ստոմատոլոգներ: Մասնակիցների 53.3%-ը հայտնել է, որ 

ունի աշխատանքի հետ կապված ՄՍՀ: Տղամարդ մասնագետներն ավելի մեծ հաճախականություն են ունեցել 

(55,6%), քան նրանց կին գործընկերները (48,7%): Ամենատարածված հատուկ անհանգստությունները եղել են 

մեջքի/պարանոցի ցավը (18,3%), պարանոցի մեկուսացված ցավը (15,8%) և մեջքի ցավը (12,5%): Ամեն օր 

աշխատած ժամերի քանակը (p=0.001), գործունեության տեսակը (p=0.022), աշխատանքային սթրեսը 

(p=0.001) և էրգոնոմիկան ուսումնական ծրագրում (p=0.039) էականորեն տարբերվում էին տղամարդկանց և 

կանանց միջև: Բժշկական խնդիրները (p=0.001) և դրանց տեսակները (p=0.022), ստոմատոլոգիական 

աջակցությունը պրակտիկայի ընթացքում (p=0.005) և էրգոնոմիկան ատամնաբուժական ուսումնական 

պլանում (0.005) զգալիորեն տարբերվել են տարիքային խմբերում: 

Եզրակացություն. Աշխատանքի հետ կապված մկանային-կմախքային ցավի զգալի տարածվածություն կա 

հնդիկ ստոմատոլոգների շրջանում, հատկապես 40 տարեկանից բարձր տղամարդկանց մոտ: Գործոնները, 

ինչպիսիք են ֆիզիկական ակտիվությունը, սթրեսի մակարդակը, համատեղ գոյություն ունեցող բժշկական 

պայմանները և էրգոնոմիկ կրթության ենթարկվածությունը, կարող են ազդել մկանային-կմախքային ցավի 

տարածվածության վրա: Այսպիսով, անհրաժեշտություն կա շարունակական կրթական ծրագրերի և 

էրգոնոմիկ պրակտիկաների ավելի համապարփակ վերապատրաստման ջատագովության՝ 

ատամնաբուժական մասնագետների շրջանում մկանային-կմախքային ցավի ռիսկը մեղմելու համար: 
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Абстракт 

Введение: Скелетно-мышечная боль (МСБ) представляет собой серьезную опасность на рабочем месте для 

стоматологов. Были предприняты усилия по изучению распространенности МСБ и факторов риска в 

различных регионах Индии. Однако они в первую очередь связаны с факторами риска на рабочем месте и не 

учитывают влияние образа жизни и осведомленности об эргономике как факторов риска МСБ у стоматологов. 

Таким образом, это исследование было направлено на оценку распространенности МСБ среди стоматологов 

и связанных с ним факторов риска, связанных с работой, образом жизни и осведомленностью. 

Материал и методы  ̋ Проведено перекрестное обсервационное исследование среди стоматологов, 

работающих в клинических учреждениях. Для отбора участников была использована методика выборки 

снежного кома. Инструмент сбора данных управлялся с помощью опроса в форме Google. Категориальные 

переменные были представлены как частота и процент. Хи-квадрат применялся со значением P <0,05 как 

значимый. 

Результаты: В исследовании приняли участие 120 практикующих стоматологов. 53,3% участников сообщили 

о наличии МСБ связанного с работой. Мужчины-профессионалы имели более высокий уровень 

заболеваемости (55,6%), чем их коллеги-женщины (48,7%). Чаще всего сообщалось о специфических 

дискомфортах: боли в спине/шее (18,3%), изолированной боли в шее (15,8%) и боли в спине (12,5%). 

Количество часов, отработанных каждый день (р = 0,001), тип деятельности (р = 0,022), рабочий стресс (р = 

0,001) и эргономика учебной программы (р = 0,039) значительно различались между участниками мужского и 

женского пола. Медицинские проблемы (р=0,001) и их виды (р=0,022), стоматологическое сопровождение во 

время практики (р=0,005) и эргономика в стоматологической программе (0,005) существенно различались 

между возрастными группами. 

Вывод: Среди индийских стоматологов наблюдается значительная распространенность MSP, связанного с 

работой, особенно среди мужчин старше 40 лет. Такие факторы, как физическая активность, уровень стресса, 

сопутствующие заболевания и воздействие эргономического образования, могут влиять на 

распространенность МСБ. Таким образом, существует необходимость в программах непрерывного 

образования и пропаганде более всестороннего обучения эргономическим практикам для снижения риска 

МСБ среди стоматологов. 
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Introduction 

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.1,2 

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.3  

 

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. 
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Figure 1. Etiology of nasal deformation 

 

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.4 

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).5-8 

 

 
 

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 dorsum9. 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.10 

The main dorsal defects are classified based on their 

anatomical location: saddle deformity and upper back 

curvature.11 

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. 

 

 
 

Figure 3. Rhinoplasty approaches 

 

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. Schematic stages of dorsal rhinoplasty 

using transplant 

  

The choice of transplant remains the biggest 

problem for surgeons performing rhinoplasty:12,13 

¶ Optimal material features include; 

¶ Biocompatibility, minimal risk of immunological 

response; 

¶ Structural elasticity and rebound over 

physiological and sustained time; 

¶ Easy access with plenty of volume; 

¶ Minimum cost; 

¶ 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.14-16 Advantages include lowest 

extrusion and resorption rates and perfect 

immunogenicity.17 

 

Autografts 

The use of autografts often requires additional 

surgical fields, complications from donor sites.18 

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. 

 

Septal cartilage 

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.19 

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 

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.20 

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.21 

 

Costal cartilage  

Costal cartilage abundant volume, relative ease of 

harvesting is considered advantages for reconstructing 

severe and complex saddle nose deformities.22,23 

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.24 

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. 

 

Allografts 

Alternatively, allografts may be preferable and 

more acceptable to patients.25-27 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.28 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.29 

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).30 

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.31 

- Curvature. It is rare when the central part of the 

cartilage is used or grafts are prepared using the 

oblique section method.32 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.33 

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.34 

Partial AlloDerm absorption, is a definite 

disadvantage. 

Alloplastic materials  

Alloplastic materials can be used successfully for 

dorsal augmentation if both the patient and the surgeon 

understand the risks involve.35 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.38 

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 

Xenograft costal cartilage is rarely used because of 

significant resorption from strong host immune 

reactions to foreign antigens in the graft. 

 

Hyaluronic acid (HA) 

Rhinoplasty uses hyaluronic acid (HA) due to its 

effectiveness and short recovery time,39-42 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.43 

 

Liquid cartilage grafts 

In aesthetic rhinoplasty for minor contour 

deformations of the nasal surface, liquid cartilage is 

also used and its use is a microinvasive procedure.44 

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.45,46 Its disadvantage is poor mechanical stability 

and rapid decomposition, leading to wrinkling and 

deformation. 

 

Autologous fat 

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.47-49 Fat injection has been 

used for over 20 years in facial soft tissue corrections.49 

Mild complications that did not require additional 

treatment or surgery were reported.50,51. 

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. 

 

Platelet-rich fibrin (PRF) 

Aesthetic rhinoplasty also uses platelet-rich fibrin 

(PRF) without cartilage or mixed with high-density 

fat.52,53 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.54,55 

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.56 PRF plays a 

role in stimulating the healing cascade of tendon, 

muscle cartilage and bone regeneration.57 

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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ՓՈԽՊԱՏՎԱՆՅՈՒԹԵՐԻ ԿԻՐԱՌՈՒՄԸ ՔԹԻ ՄԵՋՔԻ ՌԻՆՈՊԼԱՍՏԻԿԱՅԻ ՄԵՋ 

 

Արմեն Հարությունյան1 

 
1. «Աստղիկ» բժշկական կենտրոնի դիմածնոտային վիրաբուժության բաժանմունքի պլաստիկ վիրաբույժ, 

Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի Վիրաբուժական ստոմատոլոգիայի և 

դիմածնոտային վիրաբուժության ամբիոն, Հայաստան 

 

Ամփոփում 

Ներածություն. Ռինոպլաստիկայի մեջ լայնորեն կիրառվում են տարբեր փոխպատվաստման նյութեր: 

Այնուամենայնիվ, տարբեր կլինիկական իրավիճակներում օպտիմալ նյութի ընտրությունը մնում է 

քննարկման առարկա: Հեղինակը ուսումնասիրում է ռինոպլաստիկայի մեջ օգտագործվող տարբեր նյութերի 

վերաբերյալ առկա գրականությունը՝ գնահատելու յուրաքանչյուրի առավելություններն ու թերությունները: 

Մեթոդներ. Cochrane Library, Embase և PubMed կայքերը որոնվել են գրականությունը վերանայելու համար: 

Օգտագործված որոնման հիմնաբառերն էին աուտոփոխպատվաստում (միջնապատի աճառ, ականջի աճառ, 

կողային աճառ), ալոփոխպատվաստում, ոսկրային փոխպատվաստում, փափուկ հյուսվածքների 

փոխպատվաստում, PRP, հեղուկ աճառ, ռինոֆիլերներ և ալոպլաստիկ իմպլանտներ; Գնահատվել է 

յուրաքանչյուր նյութի արդյունավետությունը, ռեզորբցիայի արդյունքները, բարդությունները, հիվանդների 

ֆունկցիոնալ և էսթետիկ բավարարվածությունը: Վերլուծության մեջ վերանայված 127 հոդվածներից 

ընդգրկվել են ներառման չափանիշներին համապատասխանող 57 հոդվածներ: 

Աուտո աճառի փոխպատվաստումը լայնորեն կիրառվում է քթի մեջքի մեծացման համար:  

Աուտոփոխպատվաստները կարող են ապահովել աճառի տարբեր քանակություն, երբ պահանջվում է բարձր 

կառուցվածքային կայունություն, կարող է օգտագործվել աուտոոսկորը: Այնուամենայնիվ, աճառի 

աուտոփոխպատվաստման վիրահատությունը ոչ բոլոր դեպքերում է ընդունելի հիվանդների համար՝ 

վիրահատության տևողության պատճառով և կարող է տհաճ բարդություններ առաջացնել դոնորի տեղում, 

ինչպիսիք են երկարատև ցավը, պնևմոթորաքսը և սպիները: Աուտոփոխպատվաստման այլընտրանքը 

ալոփոխպատվաստներն են (ճառագայթված և չճառագայթված կողեր), իսկ առանց բջջային մաշկային 

մատրիցն առավելություն ունի՝ վերացնելով լրացուցիչ վիրաբուժական տեղամասի անհրաժեշտությունը: 

Եզրակացություն. Այս համապարփակ վերանայմամբ հեղինակները հույս ունեն պարզաբանել 

ամենաօպտիմալ նյութի ընտրությունը, որը վիրաբույժին թույլ կտա հասնել քթի օպտիմալ էսթետիկ և 

ֆունկցիոնալ արդյունքների: Հետագա հետազոտություններ են անհրաժեշտ՝ ռինոպլաստիկայի 

համապատասխան նյութ ընտրելու հստակ ուղեցույցներ սահմանելու համար: 

 

 

 

ИСПОЛЬЗОВАНИЕ ТРАНСПЛАНТАТОВ ПРИ ДОРСАЛЬНОЙ АУГМЕНТАЦИОННОЙ 

РИНОПЛАСТИКЕ 

 

Армен Арутюнян1 

 
1. Пластический хирург, Медицинский центр Астхик, кафедра челюстно-лицевой хирургии, Ереванский 

государственный медицинский университет им. М. Гераци, Армения 

 

Абстракт 

Введение: В ринопластике широко используются различные трансплантационные материалы. Однако выбор 

оптимального материала в различных клинических ситуациях остается предметом дискуссий. Автор 

анализирует имеющуюся литературу о различных материалах, используемых в ринопластике, чтобы оценить 

преимущества и недостатки каждого из них. 

Методы: Для анализа литературы был проведен поиск на веб-сайтах Cochrane Library, Embase и PubMed. В 

качестве ключевых слов для поиска использовались аутотрансплантат (перегородочный хрящ, ушной хрящ, 
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реберный хрящ), аллотрансплантат, костные трансплантаты, трансплантаты мягких тканей, PRP, жидкий 

хрящ, ринофиллеры и аллопластические имплантаты; оценивались эффективность применения каждого 

материала, результаты резорбции, осложнения, функциональная и эстетическая удовлетворенность 

пациентов. Из 127 статей, рассмотренных в анализе, были включены 57 статьи, соответствующие критериям 

включения.  

Аутологичные хрящевые трансплантаты широко используются для дорсальной аугментации. 

Аутотрансплантаты могут обеспечить различное количество хряща, когда требуется высокая структурная 

стабильность, можно использовать кость. Однако операция по взятию хрящевого аутотрансплантата не во всех 

случаях приемлема для пациентов из-за продолжительности операции и может вызвать неприятные 

осложнения на донорском участке, такие как продолжительная боль, пневмоторакс, рубцевание. 

Альтернативой аутотрансплантату являются аллотрансплантаты (облученные и необлученные ребра), а 

бесклеточный дермальный матрикс имеет то преимущество, что исключает необходимость в дополнительном 

хирургическом участке. 

Выводы: С помощью этого всестороннего обзора авторы надеются прояснить выбор наиболее оптимального 

материала, который сможет позволить хирургу получить стабильную архитектуру носа, оптимальные 

эстетические и функциональные результаты. Необходимы дальнейшие исследования, чтобы установить 

четкие рекомендации по выбору подходящего материала для ринопластики. 
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Introduction 

Dental implants have now become the standard 

procedure for replacing lost teeth, providing many 

benefits, the long-term survival rates of dental implants 

are excellent.1 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.2,3 

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. 
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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.4 

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.5 

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.4 

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.6 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.7-9  

The fact that modification of the implant surface 

can affect the success of osseointegration has been 

proven in various studies.10,11 

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.4,12  

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.4,13 

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.14 

It has been shown that surface treatment of implants 

significantly increases the surface area and can have a 

good effect on implant osseointegration.15-17 

Currently, to promote osseointegration for 

successful implant therapy, various methods of 

modification of titanium implants are used.18 

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.19-21 

UV irradiation, or photofunctionalization, is one of 

the latest surface treatment techniques to promote 

osseointegration of implants.22 

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.23,24 

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.25 

UV irradiation transforms the naturally 

hydrophobic properties of Ti surfaces into 

superhydrophilic ones.26 

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.27-29 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.30 

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.31 

 Photofunctionalization was confirmed by 

observing how water rose on the surface of the 

photofunctionalized implant immediately after 
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immersion in water, the surface of the non-

photofunctionalized implant remained 

hydrophobic.32,33

 

 

 
 

Figure 1. Chematic comparison between the physiochemical properties of the titanium's surface as received "aged " 

and the titanium's surface following PhF. A) Photofunctionalized surface shows much higher wettability across the 

implant surface than the non-treated surface. B) The surface charge on the UV treated surface becomes positive, 

allowing the negatively charged osteoblasts and stem cells to attach alone or through serum proteins. The non-

treated surface is negatively charged and the only method of cells to attach is via bridging divalent cations (Mg++, 

Ca++). Monovalent cations (Na+ and K+) competitively inhibit cell attachment. C) Photofuncionalization removes 

the hydrocarbon layer from the surface allowing for more protein absorption, and better attachment and spread of 

osteoblasts34 

 

 
 

Figure 2. Effect of photofunctionalization on titanium and tissue, and clinical significance34 
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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.35 

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.36 

 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.37,38 

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.39 

Photofunctionalization also reduces the amount of 

attachment/accumulation of bacteria on the surface and 

components of the implant, thus may have an 

antimicrobial effect.40-42 

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.43 

It is known that ultraviolet radiation also has an 

antimicrobial effect due to photochemical reactions, 

affecting the DNA of bacteria.44 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.45 

Photofunctionalization of implants is currently also 

used in the complex of prevention and treatment of 

peri-implantitis.46 

UV treatment decomposes organic compounds and 

reduces bacterial adhesion of Streptococcus 

sanguinis.47 

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.48 

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.49 

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.50 

 

 

Conclusion 

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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ԱՏԱՄՆԱՅԻՆ ԻՄՊԼԱՆՏԻ ՄԱԿԵՐԵՍԻ ՈՒԼՏՐԱՄԱՆՈՒՇԱԿԱԳՈՒՅՆ 

ՖՈՏՈՖՈՒՆԿՑԻՈՆԱԼԱՑՄԱՆ ԱԶԴԵՑՈՒԹՅՈՒՆԸ ՕՍՏԵՈԻՆՏԵԳՐԱՑԻԱՅԻ և 

ՀԱԿԱԲԱԿՏԵՐԻԱԼ ՀԱՏԿՈՒԹՅՈՒՆՆԵՐԻ ՎՐԱ. ԳՐԱԿԱՆՈՒԹՅԱՆ ԱԿՆԱՐԿ 

 

Նաիրա Ղամբարյան1 

 
1. Երևանի Մ. Հերացու անվան պետական բժշկական համալսարանի վիրաբուժական ստոմատոլոգիայի և 

դիմածնոտային վիրաբուժության ամբիոնի դասախոս, Երևան, Հայաստան  

 

Ամփոփում 

Ատամնային իմպլանտի որակը կախված է մակերեսի հատկություններից և նպաստում է իմպլանտի 

օստեոինտեգրմանը ոսկրային հյուսվածքի մեջ: Ժամանակակից իմպլանտոլոգիայում տիտանի և տիտանի 

համաձուլվածքները լայնորեն օգտագործվում են տարբեր իմպլանտների արտադրության համար՝ շնորհիվ 

իրենց լավ մեխանիկական հատկությունների և կենսահամատեղելիության: TiO-ից պատրաստված 

իմպլանտները կարող է կորցնել ոսկորին բիոակտիվ կերպով ինտեգրվելու իր ունակությունը 2 շաբաթից 

պակաս պահեստավորումից հետո, որի ընթացքում տեղի է ունենում կենսաբանական ակտիվության 

դեգրադացիա: Օստեոինտեգրացիան օպտիմալացնելու համար առաջարկվում են իմպլանտների մակերեսը 

փոփոխելու տարբեր մեթոդներ՝ ստեղծելով տիտանի վրա հիմնված միկրո կամ նանոկառուցվածքներ: 

Այս ակնարկի նպատակն է քննարկել իմպլանտի մակերեսի ուլտրամանուշակագույն 

ֆոտոֆունկցիոնալացումը, դրա ազդեցությունը օսսեոինտեգրման և հակաբակտերիալ հատկությունների 

վրա: Համապատասխան գրականության համակարգված որոնման մեջ ներառվել են հետևյալ տվյալների 

բազաները՝ PubMed, Embase, AWMF Online, National Clearing House, International Guidelines Network և 

Cochrane Library: Օգտագործվել են որոնման հետևյալ չափանիշները՝ իմպլանտների մակերևութային 

փոփոխություններ, ատամնաբուժական իմպլանտների օսսեոինտեգրացիայի բարելավում 

ուլտրամանուշակագույն ֆոտոֆունկցիոնալացման միջոցով, ուլտրամանուշակագույն 

ֆոտոֆունկցիոնալացման ազդեցությունը ատամնաբուժական իմպլանտների հակաբակտերիալ 

հատկությունների բարելավման համար, իմպլանտների ֆոտոֆունկցիոնալացում պերիիմպլանտիտի 

կանխարգելման համալիրում: Ընդհանուր առմամբ 50 հոդված է ներառվել, որոնք ուսումնասիրել են 

ատամնաբուժական իմպլանտների վրա ուլտրամանուշակագույն ճառագայթման կիրառման ազդեցությունը, 

ներառվել են մեր ուսումնասիրության մեջ: Համակարգված վերանայման արդյունքները ցույց են տվել, որ 

ուլտրամանուշակագույն ֆոտոֆունկցիոնալացումը օգնում է բարելավել իմպլանտների օստեոինտեգրումը և 

ունի հակաբակտերիալ հատկություններ, ինչը կարևոր է իմպլանտոլոգների համար և օգնել կլինի բժիշկներին 

ընտրել ամենահարմար իմպլանտները՝ բարելավելու իմպլանտների հաջողությունն ու գոյատևումը: 

 

 

 

ВЛИЯНИЕ УФ-ФОТОФУНКЦИОНАЛИЗАЦИИ ПОВЕРХНОСТИ ДЕНТАЛЬНОГО ИМПЛАНТАТА 

НА ОСТЕОИНТЕГРАЦИЮ И АНТИБАКТЕРИАЛЬНЫЕ СВОЙСТВА: CИСТЕМАТИЧЕСКИЙ 
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Абстракт 

Качество дентального имплантата зависит от свойств поверхности и способствует остеоинтеграции 

имплантата в костную ткань. В современной имплантологии титан и титановые сплавы широко используются 

для изготовления различных имплантатов благодаря своим хорошим механическим свойствам и 
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биосовместимости. TiO из изготовленных имплантатов может потерять способность биоактивно 

интегрироваться в кость после хранения менее 2 недель, в течение которого происходит деградация 

биологической активности. Для оптимизации остеоинтеграции предлагаются различные методы 

модификации поверхности имплантатов путем создания микро- или наноструктур на основе титана. 

Целью данного обзора является обсуждение ультрафиолетовой фотофункционализации модификаций 

поверхности имплантатов, ее влияния на остеоинтеграцию и антибактериальные свойства. В систематический 

поиск соответствующей литературы были включены следующие базы данных: PubMed, Embase, AWMF 

Online, National Clearing House, International Guidelines Network и Cochrane Library. В качестве критериев 

поиска использовались следующие критерии поиска: модификация поверхности имплантатов, улучшение 

остеоинтеграции дентальных имплантатов с помощью ультрафиолетовой фотофункционализации, эффект 

УФ-фотофункционализации для улучшения антибактериальных свойств дентальных имплантатов, 

фотофункционализация имплантатов в комплексе профилактики периимплантита. Всего в наше исследование 

было включено 50 статей, в которых рассматривалось влияние применения УФ-излучения на зубные 

имплантаты. 

Результаты систематического обзора показали, что ультрафиолетовая фотофункционализация влияет 

способствует улучшению остеоинтеграции и обладает антибактериальными свойствами, что имеет решающее 

значение для имплантологов, а также помогает клиницистам в выборе наиболее подходящих имплантатов для 

улучшения успеха и выживаемости имплантатов. 
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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. 
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Introduction  

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,1,2 

and the share of mandibular injuries in relation to the 

total number of injuries varies between 3.2 and 8%.3-5 

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.6 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.7 

 

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.8,9 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.10 

  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.11 

     

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. 

 

 

 Materials and Methods 

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. 

Arterial 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:  
 

¶ I - 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);  

¶ R-Pm - line drawn from the middle of mandibular 

branch to the mental eminence;  

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

corresponding to the front from the crossing of the 

mental aperture area.  
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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 artery of the same name (the 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 skin 
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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 Doppler 

flowmetry 

 

 

Statistical analysis 

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. 

 

 

Results 

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 I-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.12 

Manson's point is known, which can be determined 

quite easily when it is necessary to search for the 

projection of the facial artery,13 but no such tactics have 

been developed before for the mental neurovascular 

bundle. 

 

 

Conclusion  

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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ԿԼԻՆԻԿԱԿԱՆ ԵՎ ԱՆԱՏՈՄԻԱԿԱՆ ԹԵՍՏԱՎՈՐՈՒՄ ԴԻՄԱԾՆՈՏԱՅԻՆ ՎՆԱՍՎԱԾՔԻ 

ԿԼԻՆԻԿԱՅՈՒՄ ԵՆԹԱԿԶԱԿԱՅԻՆ ՆՅԱՐԴԱՆՈԹԱՅԻՆ ԽՐՁԻ ՊՐՈՅԵԿՑԻԱՅԻ ՈՐՈՆՄԱՆ 

ՄԵԹՈԴԻ ԱՐԴՅՈՒՆԱՎԵՏՈՒԹՅԱՆ ՎԵՐԱԲԵՐՅԱԼ 

 

Ռուսլան Մելին,1 Ելենա Կարպովա,2 Օլեսյա Կիտկո,3 Լյուդմիլա Վդովինա,4 Իրինա Չուվարկովա,4  

Յուրի Վասիլև5 

 
1. Խակասիայի Հանրապետության գլխավոր դիմածնոտային վիրաբույժ, Ն.Վ. Սկլիֆոսովսկու անվան 

կլինիկական բժշկության ինստիտուտ, Մոսկվայի առաջին պետական բժշկական համալսարանի 

 



 

Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

Mellin R, Karpova E, Kytko O, Vdovina L, Chuvarkova I, Vasil’ev Y. Clinical and Anatomical Approbation of the 

Effectiveness of the Technique of Searching for the Projection of the Subchondral Neurovascular Bundle in the Clinic of 

Maxillofacial. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):161-168. doi:10.58240/1829006X-2024.2-161  

167 

օպերատիվ վիրաբուժության և տեղագրական անատոմիայի ամբիոն՝ Ի.Մ. Սեչենով (Սեչենովի 

համալսարան), Մոսկվա, Ռուսաստան 
2. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, մաշկային հիվանդությունների և կոսմետոլոգիայի 

ամբիոն, բարձրագույն կրթության դաշնային պետական ինքնավար ուսումնական հաստատություն, 

Ռուսաստանի Ն. Ի. Պիրոգովի անվան ազգային հետազոտական բժշկական համալսարան, Մոսկվա, 

Ռուսաստան 
3. Բժշկական գիտությունների թեկնածու, դոցենտ. Ն.Վ. Սկլիֆոսովսկու անվան կլինիկական բժշկության 

ինստիտուտ, Մոսկվայի առաջին պետական բժշկական համալսարանի օպերատիվ վիրաբուժության և 

տեղագրական անատոմիայի ամբիոն՝ Ի.Մ. Սեչենով (Սեչենովի համալսարան), Մոսկվա, Ռուսաստան 
4. Բժշկական գիտությունների թեկնածու, դոցենտ, պրոպեդևտիկ ստոմատոլոգիայի ամբիոն, Պրիվոլժսկի 

գիտահետազոտական բժշկական համալսարան, Նիժնի Նովգորոդ, Ռուսաստան 
5. Բժշկական գիտությունների դոկտոր, պրոֆեսոր, օպերատիվ վիրաբուժության և տեղագրական 

անատոմիայի ամբիոն, Մոսկվայի առաջին պետական բժշկական համալսարանի անվան Ի.Մ. Սեչենով 

(Սեչենովի համալսարան), Մոսկվա, Ռուսաստան 

 

Ամփոփում 

Ենթակզակային նյարդանոթային  խրձի տեղակայման անատոմիան և մորֆոլոգիան զգալիորեն տարբերվում 

է բնակչության շրջանում և մեծապես կախված է բազմաթիվ գործոններից, ինչպիսիք են զարգացման 

գործընթացը, ինչպես նաև ուղեկցող և անցյալում տարած հիվանդությունները: Նյարդանոթային խրձերի և 

հարակից անցքերի հիմնական պրոյեկցիաների որոնման էքսպրես մեթոդների գործնական բժշկական 

օգնության անհրաժեշտության հետ կապված, իրականացվել է ստորին ծնոտի մաշկի վրա ենթակզակային 

անցքի պրոեկցիայի որոնման մեթոդի մորֆո-վերլուծական մոդելավորում: Ուլտրաձայնային ախտորոշիչ 

բժիշկների և դիմածնոտային վիրաբույժների խնդրանքով փորձ է արվել հաշվարկել ենթակզակային 

նյարդանոթային  խրձի միասնական պրոյեկցիոն կետը՝ որպես ստորին ծնոտի կոտրվածքի բուժման 

գործընթացի արդյունավետության հետազոտման և գնահատման ուղեցույց։ 

Մենք ստացել ենք կոորդինատային համակարգ, որը կարող է նախագծվել ինչպես հիվանդի դեմքի մաշկի վրա, 

այնպես էլ CT տվյալների վրա: Կզակի նեյրոանոթային խրձի հստակ դիրքավորումը թույլ կտա կատարել և՛ 

ախտորոշիչ, օրինակ՝ ուլտրաձայնային հետազոտության ընթացքում անոթների արյան հոսքի արագության 

ուսումնասիրությունը սուր տրավմայի ժամանակ, մարմնի զանգվածի ինդեքսով մարդկանց մոտ, և՛ բուժում, 

օրինակ՝ նյարդային շրջափակում, մանիպուլյացիաներ հիվանդի համար ավելի մեծ ճշգրտությամբ և 

անվտանգությամբ: 

 

 

 

КЛИНИКО-АНАТОМИЧЕСКАЯ АПРОБАЦИЯ ЭФФЕКТИВНОСТИ МЕТОДИКИ ПОИСКА 

ПРОЕКЦИИ ПОДБОРОДОЧНОГО СОСУДИСТО-НЕРВНОГО ПУЧКА В КЛИНИКЕ ЧЕЛЮСТНО-

ЛИЦЕВОЙ ТРАВМЫ 

 

Руслан Меллин,1 Елена Карпова,2 Олеся Кытько,3 Людмила Вдовина,4 Ирина Чуваркова,4 Юрий Васильев5 

 
1. Соискатель, главный внештатный челюстно-лицевой хирург Республики Хакасия Институт клинической 

медицины имени Н.В. Склифосовского, кафедра оперативной хирургии и топографической анатомии 

Первый Московский государственный медицинский университет имени И.М. Сеченова (Сеченовский 

университет), Москва, Россия 
2. д.м.н., профессор, кафедра кожных болезней и косметологии ФГАОУ ВО Российский национальный 

исследовательский медицинский университет имени Н. И. Пирогова, Москва, Россия 
3. к.м.н., доцент,Институт клинической медицины имени Н.В. Склифосовского, кафедра оперативной 

хирургии и топографической анатомии Первый Московский государственный медицинский университет 

имени И.М. Сеченова (Сеченовский университет), Москва, Россия 
4. к.м.н., доцент, кафедра пропедевтической стоматологии, Приволжский исследовательский медицинский 



 

Journal Bulletin of Stomatology and Maxillofacial Surgery, Vol. 20 № 2 
 

Mellin R, Karpova E, Kytko O, Vdovina L, Chuvarkova I, Vasil’ev Y. Clinical and Anatomical Approbation of the 

Effectiveness of the Technique of Searching for the Projection of the Subchondral Neurovascular Bundle in the Clinic of 

Maxillofacial. Bulletin of Stomatology and Maxillofacial Surgery. 2024;20(2):161-168. doi:10.58240/1829006X-2024.2-161  

168 

университет, Нижний Новгород, Россия 
5. д.м.н., профессор, кафедра оперативной хирургии и топографической анатомии Первый Московский 

государственный медицинский университет имени И.М. Сеченова (Сеченовский университет), Москва, 

Россия 

 

Резюме 

Анатомия и морфология расположения подбородочного сосудисто-нервного пучка значительно варьирует 

среди популяций и во многом зависит от многих факторов, таких как процесс развития, а также от 

сопутствующих и перенесённых заболеваний. В связи с потребностью практического здравоохранения в 

экспресс методах поиска основных проекций сосудисто-нервных пучков и ассоциированных отверстий было 

проведено морфо-аналитическое моделирование способа поиска проекции подбородочного отверстия на кожу 

нижней челюсти. По запросу врачей УЗИ-диагностики и челюстно-лицевых хирургов была предпринята 

попытка расчета унифицированной точки проекции подбородочного сосудисто-нервного пучка, как 

ориентира для исследований и оценки эффективности лечебного процессе перелома нижней челюсти. 

Мы получили систему координат, которую можно проецировать как на кожу лица пациента, так и на данные 

КТ. Четкое расположение сосудисто-нервного пучка подбородка позволит проводить как диагностику, 

например, исследование скорости кровотока сосудов при ультразвуковом исследовании при острой травме, у 

лиц с повышенным индексом массы тела, так и лечение, например, блокаду нервов, манипуляции с большей 

точностью и безопасностью для пациента. 
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