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ABSTRACT

This habilitation thesis entitled “Modern approaches of the edentulous and bone loss
management through new implanto-prosthetic rehabilitation therapies” presents the main
scientific achievements of 2018-2023 period after | obtained the title of Doctor of Dental
Medicine, and it is structured into three sections, according to CNATDCU recommendations:
Section | — Scientific achievements in postdoctoral period; Section Il — Future plans in the
professional, academic and scientific activity; Section I1l — Bibliography.

Before the first section | made a short presentation of my professional, academic and scientific
achievements for my whole teaching career that started in 2015.

The 1%t Section is dedicated to postdoctoral scientific researches; it is structured into 2 research
domains and comprises the most relevant articles of my scientific activity indexed in Web of
Science Core Collection and international databases.

The first chapter of this section entitled “Oral status and quality management of implant
therapy for edentulous patients” presents researches specific to the field of pro-implant surgery
and implantology being preceded by a section which details the latest and most relevant
information in the literature regarding this theme.

From this perspective, in my first line of research, | highlighted the role of oral health status
and the quality of life of edentulous patients, with a focus on the oral health and behaviors of
adults from the North-East region of Romania, as well as trends in their access to oral
healthcare. Additionally, 1 assessed the oral health and quality of life of edentulous patients
treated with removable partial dentures, aiming to highlight the challenges of this temporary
therapeutic solution.

In my second line of research, I concentrated on evaluating the level of risk presented by certain
demographic, loco-regional, and local factors for the medium and long-term success of
implant-prosthetic therapy.

In the third line of research, | evaluated the possibilities to use digital software applications in
the measurements of post-operative evolution and bone gain in alveolar bone areas grafted with
various biomaterials as well as in the virtual planning of the implant surgical stage.

In the fourth line of research, | performed clinic radiological studies regarding the post-
operative evolution (success/failure rate, biological and mechanical-technical complications)
of the edentulous patients treated by implant-supported fixed partial dentures.

In the second chapter entitled “Clinical and experimental studies on biomaterials used in
alveolar bone reconstruction in implant-prosthetic therapy” | followed two lines of research
preceded by an update of the latest literature data regarding the benefits and limits of the
grafting biomaterials used in guided bone regeneration techniques.



The first line of research focused on clinical and radiological studies regarding therapeutic
success and alveolar bone gain in severe resorbed areas that requested guided bone regeneration
techniques with xenografts.

The second line of research approached in vitro studies of bone grafting materials and barrier
membranes while analyzing physico-chemical and biomechanical properties related to their
performance in guided bone regeneration techniques.

The 2" Section presents the future lines of research both from the scientific and academic
viewpoints. In this respect, on one hand | wish to continue the already approached themes
specific to approaches in modern implant-prosthetic therapy subject and, on the other hand, I
wish to approach new and innovating lines of research that may allow interdisciplinary
researches with national and international teams.

In this section, | underlined the strategies and projects relating to my activity with future
doctoral candidates while detailing the research themes that may be approached by them,
namely clinical and experimental researches regarding: bone regeneration influence in the
success of implant surgery, the role of barrier membranes in guided bone regeneration
techniques, computerised planning of the preimplant and implant surgical preparation using
laser technology.

Another concern consists in the coordination of students and residents on oral disease screening
topics for the early detection of precancerous and cancerous lesions and bone resorption.

In collaboration with the Tissue Engineering Center, | propose the creation of new
biodegradable materials for the bone regeneration of patients with severe resorptions, an
application that can be carried out together with residents, students and doctoral students.

The 3" Section includes a list of the main papers that | consulted in order to elaborate the
habilitation thesis.



REZUMAT

Aceastd teza de habilitare intitulatd " Abordari moderne in managementul edentatiei si
pierderii de os prin terapii noi de reabilitare implanto-protetica ** prezinta principalele
realizari stiintifice din perioada 2018-2023, dupa obtinerea titlului de Doctor in Medicina
Dentara, si este structurata in trei sectiuni, conform recomandarilor CNATDCU: Sectiunea I -
Realizari stiintifice in perioada postdoctorald; Sectiunea II - Planuri de viitor in activitatea
profesionald, academica si stiintifica; Sectiunea III - Bibliografie.

Inainte de prima sectiune, am realizat o scurtd prezentare a realizarilor mele profesionale,
academice si stiintifice pe intreaga carierd didactica, care a Inceput in 2015.

Prima sectiune este dedicatd cercetarilor stiintifice postdoctorale, este structuratd in doua
domenii de cercetare si cuprinde cele mai relevante articole ale activitatii mele stiintifice
indexate in Web of Science Core Collection si baze de date internationale.

Primul capitol al acestei sectiuni, intitulat "Starea orala si managementul calitatii terapiei cu
implanturi pentru pacientii edentati”, prezinta cercetarile specifice domeniului chirurgiei pro-
implantare si terapiei implanto-protetice, fiind precedat de o sectiune care detaliazd cele mai
recente si relevante informatii din literatura de specialitate referitoare la acest subiect.

Din aceasta perspectivd, in prima mea linie de cercetare, am evidentiat rolul starii de sdnatate
orala si calitatii vietii pacientilor edentati, cu accent pe sandtate orald si comportamentul
adultilor din regiunea de nord-est a Romaniei, precum si tendintele in ceea ce priveste accesul
lor la serviciile de sanatate orald; de asemenea, am evaluat starea de sdnatate orala si calitatea
vietii pacientilor edentati tratati cu proteze dentare partiale mobile, pentru a scoate in evidentd
provocdrile pe care le poate pune aceasta solutie terapeutica temporara.

Tn a doua linie de cercetare, m-am concentrat asupra gradului de risc pe care 1l prezinta pentru
succesul pe termen mediu si lung al terapiei implanto-protetice, unii factori demografici, loco-
regionali si locali.

e vyt

in masurdtorile evolutiei postoperatorii si castigului osos in zonele osoase alveolare
reconstruite cu diferite biomateriale, precum si in planificarea virtuald a etapei chirurgicale
implantare.

In a patra linie de cercetare, am realizat studii radiologice clinice referitoare la evolutia
postoperatorie (rata de succes/esec, complicatii biologice si mecanice-tehnice) a pacientilor
edentati tratati cu proteze fixe cu suport implantar.

Tn al doilea capitol, intitulat "Studii clinice si experimentale asupra biomaterialelor utilizate in
reconstructia osului alveolar in terapia implanto-protetica”, am urmat doua linii de cercetare
precedate de o actualizare a celor mai recente date din literatura de specialitate referitoare la
beneficiile si limitele biomaterialelor de aditie osoasa utilizate in tehnici de regenerare osoasa
ghidata.



Prima linie de cercetare s-a concentrat pe studii clinice si radiologice referitoare la succesul
terapeutic si castigul osos alveolar in zonele cu rezorbtie moderata sau severa care au necesitat
reconstrcutia prin tehnici de regenerare osoasa ghidata cu biomateriale de tip xenogrefe.

A doua linie de cercetare a abordat studii in vitro privind unele materiale de grefare osoasa si
membrane barierd, analizand proprietatile fizico-chimice si biomecanice care sunt relevante
pentru performanta clinica in tehnici de regenerare osoasa ghidata.

Sectiunea II prezinta directiile viitoare de cercetare, atat din punct de vedere stiintific, cat si
academic.

In acest sens doresc, pe de o parte, continuarea tematicii deja abordate, iar pe de alta parte,
doresc sa abordez directii noi, inovatoare, care sa permita cercetari interdisciplinare in echipe
nationale si internationale.

In aceasti sectiune am subliniat strategiile si proiectele privind activitatea cu viitorii doctoranzi,
detaliind temele de cercetare care pot fi abordate de catre acestia, si anume: cercetari clinice si
experimentale privind regenerarea osoasa si conditie importanta pentru obtinerea succesului in
implantologie, rolul biomembranelor in tehnicile de regenerare osoasd, planificarea
computerizata utilizatd in etapele preimplantare si postimplantare cu ajutorul tehnologiei Laser.

O alta preocupare consta in coordonarea studentilor si rezidentilor pentru aplicarea programelor
de screening populational pentru detectia intr-o faza incipienta a leziunilor precanceroase,
canceroase si a rezorbtiei osoase.

In colaborare cu Centrul de Inginerie Tisulara propun crearea de noi materiale biodegradabile
necesare pentru regenerarea osoasa la pacientii cu rezorbtii osoase severe, aplicatie care vizeaza
atat studentii, cat si rezidentii si doctoranzii.

Sectiunea 111 include o lista a principalelor lucrari de referinta care au fost consultate in
vederea elaborarii tezei de abilitare.



SECTION I

SCIENTIFIC ACHIEVEMENTS FROM THE POSTDOCTORAL
PERIOD

Professional and academic activity

| graduated from the Faculty of Dental Medicine, University of Medicine and Pharmacy
"Grigore T Popa" Iasi in 2013, diploma series B no. 0006167. In February 2014, I became an
assistant in the Oral Surgery discipline. Anesthesia, sedation and medical-surgical
emergencies, Faculty of Dental Medicine; from 2014 | continued my teaching activity as a
university assistant from 2018 when | became a Lecturer. From 2022, | am Lecturer in the Oral
Surgery discipline. Anesthesia, sedation and medical-surgical emergencies, Surgical
Department I, Faculty of Dental Medicine, "Grigore T. Popa" University of Medicine and
Pharmacy, lasi.

My teaching activity was carried out in the field of Dento-Alveolar Surgery and
Anesthesia in MD where | supported and continue to support practical works and courses with
the students of the Faculty of Dental Medicine, fourth year (courses and internships at the
Romanian and English language classes in the discipline of " Oral Surgery") and the 6th year
(courses and internships in the Romanian and English classes in the discipline of
"Rehabilitation with surgical lasers in Dental Medicine). | was and am always concerned about
the quality of the clinical internships and their scientific foundation, at the same time making
great efforts to continuously improve the content and quality of the teaching materials.

Through the didactic activity, | was involved, as an author, in the development of the
course "Use of lasers in dental medicine™ in 2017, which was introduced for the first time in
the academic program of the faculty. In 2018, we published a "Practical guide in laser
applications" used to support internship hours within the discipline of lasers.

The onset of the pandemic determined major changes in the mode of interaction between
teaching staff and students, this interaction being mediated by the university's e-learning
platform where we posted all the developed didactic materials (course/practical works) in
electronic form for the disciplines in the workload of the teacher. The research activity of the
students coordinated by me resulted in more than 35 graduation theses of the students in the
Romanian and French language series.

Starting from 2020, | am the coordinator of 2 Romanian and English master's programs
entitled: "Non-invasive methods of diagnosis and treatment in Dental Medicine (Laser
Therapy)"”, respectively, "Non-invasive methods of diagnosis and treatment in Dental
Medicine (Laser Therapy); The results of the activity within these master's have been
materialized in the more than 25 dissertations that | have coordinated.

My teaching activity is complemented by the coordination of resident doctors of Dento-
Alveolar Surgery, a sustained activity that is continuously carried out in the O.M.F Surgery
Outpatient Clinic within the Sf Spiridon lasi Hospital.

Being a tutor in the project "Professional counseling for medical students and integrated
practice program in the field of general and dental medicine” ID POSDRU 160/2.1/5/139881,
offered me another opportunity to collaborate with students and teaching staff from within the
Faculty of Dental Medicine for the implementation of internships in dental medicine offices
with the aim of integrating students into the labor market.



Another educational project in which | participated as an expert trainer was Proiect AUF
(iunie-noiembrie 2020): L’assurance de la qualit¢é dans I’enseignement supéricur par la
formation de spécialistes dans le domaine de la Réhabilitation Orale Complexe,

This challenge requires a permanent concern to update the curriculum of courses and
practical works, by completing the topics offered during the faculty and by creating an
educational platform in collaboration with other specialists of the traditional faculties in the
country.

In all these years | have kept on improving through different methods and techniques
necessary to the didactic and research activity by participating to workshops, post-university
courses and courses for the recognition of competences.

The most relevant are the following ones:

o 2015: Master: "Management of health services in the medico-pharmaceutical
field"-coordinator: University Prof. Dr. Zanoschi Georgeta, M series diploma, no.
0042299

o 2015: Master "Implant-prosthetic restoration of edentination” - coordinator Prof.
Univ. Dr. Forna Norina-Consuela (Diploma No. 036520)

o September 18, 2015-September 27, 2016: Master "Laser Therapy in Dentistry"
(Aachen, Germany) (No.AC004-22306-12021)

o 2017: BioLase refresher course "The use of lasers in periodontal treatment and
implantology" (course organized by ARSMI)

o 2018- Competence in Laser Dentistry, organizer: University of Genoa:
International Master in Laser Dentistry, Bucharest, March-November 2018

o Workshop in Laser : “LASER WORKSHOP IN BOPPARD”- 11 lulie 2014

o Cours - The clinical and therapeutic management of dental erosion — lasi, 21 Aprilie
2015

o Workshop — Diode laser application in soft tissue — lasi, 21-23 Martie 2019

My specializations in terms of professional training are:

o Dental Practitioner- Forna Clinic, since 2013

o Implantology Certificate: seria C, nr. 036520/ 2015

o Junior Specialist — Oral surgery, from 2016(Confirmed by Order of Minister of
Health no. 1623 / 2016)

o Junior Specialist — Dental prosthetics, from 2019(Confirmed by Order of Minister
of Health no.)

o Senior Specialist — Oral surgery, from 2021 (Confirmed by Order of Minister of
Health n0.80 / 13.01.2022).

Scientific research activity

In 2007 | became a PhD in Dental Medicine-confirmed by Order of the Ministry of
Education and Research no.5701/ 27.12.2017, series J no. 0029386, with the title entitled: "
Systems of computerised planning of the preimplant and implant surgical preparation (laser vs.
Classic", coordinator: Prof. Univ. Dr Eugenia Popescu, UMPh ,, Grigore T. Popa” lasi.

The PhD Thesis is structured in a theoretical part (the actual stage of knowledge) and a
personal part (four chapters with personal research).
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The four chapters of the theoretical part include organised literature data regarding the
field of the researched issues (,,Expert systems role in the clinical decisions and treatment
planning in dental medicine”, ,,Fundamental principles regarding the functioning of lasers and
interaction with biological tissues™, ,,Clinical applications of lasers in pro prosthetic and
implant stage", ,,Clinical applications of lasers in oral surgery techniques").

The first chapter of personal part ("Study regarding the possibilities to use expert systems
and finite element analysis in pre-implant and implant stage") is focused on the investigation
of the possibilities to use the system experts in the planning of the pre-implant and implant
therapy as well as the possibilities to use finite element analysis in the planning of the ideal
stress formula to the interface implant-bone tissue in real clinical situations and in relation to
the bone parameters, implant parameters and crown/implant ratio.

In the second chapter of personal part ("Study regarding the evolution of clinical
parameters in pro prosthetic and pre-implant laser interventions™) the investigation of the
evolution of the clinical postoperative parameters between patients treated by various laser
dental procedures and patients treated by conventional procedures was investigated.

The third chapter of the personal part ("Clinical study regarding biostimulation therapy
of soft tissues™) was focused on the investigation of the effectiveness of laser biostimulation in
the treatment of recurrent ulcerative aphthous lesions.

In the fourth chapter of personal part ("Ex vivo study regarding the optimising
possibilities of laser energy interaction with biological tissues™) are focused on the
investigation of the the interaction between laser energy and various biological tissues to
establish the combination of laser parameters that ensures high quality laser ablation.

The original research presented in the first chapter of the personal part aimed to extend
the depth-in-knowledge regarding the expert systems used in the pro prosthetic stage, pre-
implant stage and implant stage to encourage the minimal invasive approach and higher
accuracy of the implant therapy. The original research presented in the second chapter of the
personal part proved the superiority of the laser techniques by comparing them with surgical
classic techniques used in the pro prosthetic stage. The original research presented in the third
chapter of the personal part proved the possibility to use laser biostimulation in the pro
prosthetic stage of patients with soft tissues lesions. The original research presented in the
fourth chapter of the personal part found the optimal laser parameters for high quality ablation
in relation to various biological tissues (bone, muscle, soft tissues, dental tissues).

After 2016, | continued the same research line while analyzing:

o bone regeneration through the use of different types of materials and techniques,
dental lasers in restorative dentistry and surgery
implantology
digital dentistry
oral health care and quality of life among adults from N-E region of Romania

0 O O O

The results of my research have materialized:
o 56 ISI (Web of Science) indexed articles
o 20 BDI indexed articles
o 96 presentations at national and international events

Starting with the year 2022, 1 was appointed by competition to the position of

Researcher degree Il at the "Constantin Angelescu™ Institute for Advanced
Interdisciplinary Research (ICAI) Bucharest.
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Other relevant activities in the field of scientific research are:

My research has been carried out in several directions, some realized in the form of

internal grants as follows:

0 Member of the UMF internal Grant no. 27500/2018 with the title: “Influence of 3D
Printing /Selective Laser Melting processing parameters on surface quality and biological
level between metal/ceramic components in dental prosthodontics™

0 Member of the UMF Internal Grant no. 30879/2014 with the title "Assessment of root
cementum surface corresponding periodontal pockets after instrumentation with: gracey
curette, piezoelectric ultrasonic device and periotor reciprocating instruments”, carried out
in the period 2015-2016, project director: project manager dr Solomon Sorina

0 Research Project PN-I1-1D-PCE-2007-2: "The impact of smoking on the state of oral
health. Implementation of smoking cessation methods in dental medicine” with
participation in Working group in 2nd European Workshop on Tobacco Use Prevention
and Cessation for Oral Health Professionals: "Content and methods of education revised".

0 Project financed by AUF with the title L"assurance de la qualite dans I'enseignement
superieur par la formation de specialists dans le domain de la Rehabilitation Orale
Complexe, carried out between 22.06.2020 - 20.12.2020, ctr no. 10817/2020, coordination
UMF lasi

The project aimed at conducting courses for French-speaking teachers in the member

countries of the CIDCDF association and 6th year students, French language series, Faculty of
Dentistry, UMF "Grigore T Popa" lasi. The theme of the courses addressed the problem of the
edentulous patient whose dental treatment includes complex oral rehabilitation, in terms of
diagnosis and dental, periodontal, prosthetic and surgical treatment. In addition, the curriculum
also provided interdisciplinary courses, presented by specialists in the fields of anatomy,
biochemistry, radiology, internal medicine and cardiology, providing a complete picture of
common clinical situations in current practice.

O O OO OO0 O0OO0o0OOoOOoOOoOOo

Achievements in the scientific publication area:
Monographs in the national publishing house: 5
Monographs in the international publishing house: 1
Book chapters: 15
Courses for dental students Romanian: 2
Articles published in extenso in Web of sciene Core Collection-indexed journal with IF-56
Avrticles published in International Data Base: 20
Articles published in extenso in the volumes of international conferences:96
Oral presentation at national congress as Invited Speaker: 33
Abstracts at national al international manifestations : 27
Hirsch Index (Clarivate Analytics):16.
Hirsch Index (Google Scholar):17
Citations: 435

Recognition at the national and international level

I am currently member in 4 international scientific societies and 5 national societies:
International societies:

o EPA (din 2010)

12
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a. European Prosthodontic Specialist (EPA) — 2020
b. Trustees EPA 2020
Fellow Global Dental Implant Academy (GDIA) (2018)
Consilier BASS (2017)
Fellow International Congress of Oral Implantologists ICOI(din 2012)

National societies:

©)
©)

©)
@)

Corresponding member of the Romanian Academy of Scientists

Director of the Academic Society of Anthropology (2021)

Member of the Society of Doctors and Naturalists lasi (2014)ASRRO (2012)
ADRE (2010)

UNAS (2007)

Patents/Inventions Diplomas

Patents

1.

Aseptic box. Registration number Osim A/00705 of 8.X. 2012

Norina Consuela Forna, Doriana Forna, C.M. Antohi

2.

Installation for countercurrent air disinfection A/00705/2012

Norina Consuela, Doriana Forna, C.M. Anthony

Diplomas

1.

CHIM-INVEST diploma and medal awarded to the authors Norina Consuela Forna,
Doriana Forna, C.M. Antohi for the invention: Procedure for obtaining a dental
composite, awarded by the National Invention Salon 2013, Romanian Academy,
Institute of Macromolecular Chemistry "Petru Poni*

The Diploma of Excellence and the Gold Medal awarded to the authors Norina
Consuela Forna, Doriana Forna Agop for the invention: Premises for the intermediate
storage of waste resulting from medical activities, awarded by the Romanian Inventor
Society, 2017

"Award women inventor" prize for the invention: The module for air ozonation,
awarded to the authors: Norina Consuela Forna, Antohi Constantin Marin, Doriana
Forna Agop, awarded by the International Fair of Practical Inventions and Ideas-
Chisinau INVENT-INVEST 2018

Diploma of excellence and Silver Medal for the invention: Aseptic dustbin, awarded
to the authors Doriana Agop Forna by the International Trade of Inventions and
Practical Ideas-Chisinau INVENT-INVEST 2018

The prize for microbacteriologically protected activities in dental offices for the
invention “Installation for air disinfection against current.” The module for air
ozonation" - Laureate of the Targul INVENT-INVEST jury award December 2020
The prize “Francisc Rainer” for Practical guide to laser applications, Academy of
Medical Sciences, 2020

Member of the jury of oral presentations and posters — EPA SEPES Congress, 13-15
September 2018, Madrid, Spain

Laureate of the Jury Prize of the International Fair of Practical Inventions and Ideas
2018- Chisinau — Module for air ozonation

Diploma Debut book, "Haptic systems and lasers used in modern dentistry™ -
September 2018

13



10. Silver medal for the Invention/work Aseptic Bin - Laureate of the jury award of the
International Fair of Practical Inventions and Ideas 2018,

11. Woman Inventor Award for Air Ozonation Module, Invent-Invest 2018

12. Diploma of excellence and gold medal for the invention Premises for the intermediate
storage of waste resulting from medical activities - International Fair of Inventions
and Business ldeas, 2017

13. Certificate of Good Standing International Congress of Oral Implantologists 1.10-
2015 - 30.09.2016

14. Diploma Gold Medal — Computerized systems for the planning of preimplantary and
implantary surgical preparation, Euroinvent 2015, 16 Mai 2015

15. Silver Medal-12th International Innovation Exhibition Zagreb Croatia-15-18 October
2014

16. CHIM-INVENT diploma and medal for the Procedure for obtaining a dental
composite - Chim-Invent National Invention Exhibition 2013, July 3-5, lasi

14



Chapter 1.

ORAL STATUS AND QUALITY MANAGEMENT OF
IMPLANT THERAPY FOR EDENTULOUS PATIENTS

1.1. ORAL HEALTH STATUS AND LIFE QUALITY OF
ROMANIAN EDENTULOUS PATIENTS

State of art

According to the World Health Organization Quality of Life Assessment Group, “quality
of life (QoL) is defined as the perspective of persons about their place in life, within the
cultural context and value systems where they live, and as a function of their goals,
expectations, standards and worries” (WHOQQL, 1995). The loss of teeth can have an impact
on regular functional activities, as well as on the meals that can be chosen and enjoyed during
mealtimes, according to several published studies (Nakanishi et al, 1999).

Oral health represents a standard for the quality of life of the individual in society. Good
oral health allows an individual socio-economic integration as well as personal development
to the maximum capacity, thus making him useful to society. The presence of untreated oral
diseases produces great pressure on society, affecting the functioning in normal parameters due
to the presence of pain, discomfort, deformity, and sometimes death (Schwendicke et al, 2015).
These problems can be readily avoided if patients seek dental treatment on time. Early
diagnosis of oral disorders, as well as fast clinical treatments, are promoted by good oral health-
seeking behavior (Petersen, 2004). Oral health condition is an important component of general
health, both in children and adolescents and in adults (FDI, 2015). Although progress has been
made in the field of population oral health worldwide, there are still countries and communities
where oral health is a public health issue (Reich et al, 2001). Over the last 30 years, in Europe
there has been a declining trend in the prevalence of tooth decay in children and adults living
in Western Europe, as well as the percentage of people without natural teeth. This is mainly
due to the improvement of living conditions, the use of fluoridation methods, especially
fluoride toothpaste, and the improvement of oral hygiene skills. Another explanation is that in
Western countries there are national programs for the prevention of oral diseases, as opposed
to those in Eastern Europe (Marcenes et al., 2013). According to the statistical data provided
by WHO (2010), severe periodontis disease was found in 5-20% of middle-aged adults (aged
35-44) in Europe and up to 40% of older people (aged 65-74), while about 30% of Europeans
between the ages of 65 and 74 do not have natural teeth. WHO/Global Burden of Disease Study
2017, estimated that diseases of tooth decay affect almost 3.5 million people worldwide, with
permanent tooth decay being the most common condition. Worldwide, it estimated that 2.3
million people suffer from permanent tooth decay. In the European Region as a whole, the
average number of teeth affected by tooth decay varies greatly between different European
countries, and tooth decay is the most common non-communicable disease (Hosseinpoor et al.,
2012). In a study by Kassebaum et al. (2014), the authors concluded that untreated carious
lesions on permanent teeth remained the most common health condition in the world in 2010,
affecting 2.4 billion people.

Total edentulism is still a major problem in this age group, although in some
industrialized countries there is a decrease in its prevalence. The main cause of tooth loss
remains tooth decay, although some studies show that after the age of 45, parondotitis plays a
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major role. Numerous studies show that in some countries oral status has improved by reducing
the number of people completely edentulous. This situation is encountered, for example, in the
United Kingdom, where the prevalence of edentulism has been observed, from 85% in 1962 to
57% in 1992. In Europe, the percentage of people over the age of 65 completely edentulous
varies considerably: from 12% in Switzerland, 13% in Sweden, 25% in Germany, 57% in the
United Kingdom, to 70% in Portugal (WHO, 2023). Despite all these positive aspects, found
only in certain regions, however in most countries, the treatment needs for this age group are
represented by prosthesis.

Periodontitis affects the adult population differently, depending on regional
characteristics, risk factors, habits, and unhealthy behaviors. In fact, it is known that this
condition has an important social character (Petersen, 2004). Its appearance and spread over
time is related to age, sex, occupation, standard of living, education, frequency of regular
check-ups at the office, factors that greatly influence the risk predictors of periodontal disease
(Reich et al, 2001).

Table 1. WHO Obijectives for the years 2000, 2010 and 2025

Years 2000 2010 2025
5-6 50% caries free 90% caries free 90% caries free
12 DMFT max 3 DMFT max 2 DMFT max 1
75% caries free 90% caries free
75% without 90% without
periodontal disease periodontal disease
18-20 85% complete dentate

75% of the young population to have sufficient knowledge on the etiology and prevention
Trends of oral diseases in Romania.

In Romania, even though there were socioeconomic disparities across groups, oral health
in adults has improved in recent decades. This condition can be explained by inequalities in
individual oral status, as well as the impact of social variables such as economic,
environmental, and lifestyle factors (Armencia et al., 2019). A low socioeconomic and
education level, in association with reduced access to dental services and poor oral hygiene
behavior, will result in a higher frequency and severity of dental caries and periodontal disease
(Global Burden of Disease Collaborative Network, 2020; Peivand et al., 2021; Kumar et al.,
2016; Petersen, 2005; Balan et al., 2013). The studies carried out so far in the adult population
in Romania indicate an increased prevalence of oral diseases, the prevalence of dental caries
varying between 70-90% (Carausu et al., 2017; Balan et al., 2013) and periodontal disease
between 60-70%, values that can be compared with those of neighboring countries
(Winkelmann et al., 2022). The socioeconomic and cultural factors associated with the level of
knowledge and attitudes accumulated regarding oral health have an impact on oral status. The
information regarding tooth decay in Romania is quite poor, and the studied groups are small
in number and insufficiently representative for the total population. A study on the oral health
of the population in the Member States of the European Union conducted in 2010 of the
percentage that in Romania, a percentage of 30% of the population declared that they are all
natural. Among those who no longer have all their natural teeth, 14% are partially or totally
edentulous. 32% have difficulty chewing due to dental lesions, and approximately 16% have
experienced dental or periodontal pain. 16% were embarrassed by the aesthetic appearance of
their teeth - the first place in Europe, while 81% believe they can reach a dentist within 30
minutes from home or work if necessary. The results of a study carried out in lasi in 2019

16



regarding the level of knowledge and skills regarding oral health, showed that 35% of the
participants chose toothpaste with a whitening effect, and almost 25% considered the type of
toothpaste teeth rather insignificant (Romanian Health Program for Results, 2019).

A study conducted in lasi County established a prevalence of tooth decay of 66.7%
in adults aged between 35 and 44 years, and a value of 10.33 was recorded for the CAO-D
indicator (Murariu, 2008). The highest level of damage was observed in those from rural areas
or those with a low socio-economic level. In 2013, in a study conducted in the counties of
Moldova, the prevalence of tooth decay was 70.2% in urban areas, respectively 72.7%
in rural areas. In the same study, the prevalence of total edentulism in the elderly population
in the counties of Moldova in 2013 was 3% for the urban population, respectively 3.5% for
the rural area (Forna, 2015). The "European Platform for Better Oral Health™ report (2012)
showed that Romania is placed on the last ranks on the status of oral health and the budget
allocated from public funds for preventive and therapeutic procedures on oral diseases (Patel,
2012). Regarding the situation of the N-E region of Romania, physicians draw attention to the
high degree of oral damage due to tooth decay, periodontitis, edentulism, above the average
recorded in the Romanian population. It is very probable that the low socio-economic level
of the population of some counties in the N-E Romania region contribute to this state of affairs,
knowing that the socio-economic income is strongly related to the general and oral health. (Pop,
2010).

The reforms introduced in the last few years have expanded the range of health benefits
provided by Romania's National Health Insurance House (NHIH), and levels of public
spending on health have increased, but even so, the allocated funds are extremely low, value
this being 5% of the value of 5.7% insured for general medical insurance. Therefore, access to
dental care is limited due to budget constraints (State of Health in EU, 2021; Murariu et al,
2020). Due to a lack of infrastructure and primary healthcare facilities, access to healthcare is
especially limited in rural areas, which is exacerbated by significant gaps in health insurance
coverage. Even though many people are exempt from paying health insurance contributions
(including children and people with disabilities), the proportion of the population with health
insurance is decreasing year after year (State of Health in EU). Another aspect that influences
access to medical services supported by the government is the fact that the dental medicine
system is 99% private, consisting of private dental practices that can offer dental medical
services compensated by the state through Romania's National Health Insurance House
(NHIH), the remaining 1% being represented by the faculties of dental medicine or emergency
dental offices within university hospitals that offer compensated dental services. The value of
the amount granted monthly / doctor differs depending on the fact that the doctor is a specialist
or not, or if he works in a rural or urban area. This amount does not exceed the value of 900
€/month/specialist, the amount that can cover the treatment for at most 1-2 patients/month who
require complex (prosthetic) treatments, a situation that further restricts access to medical
services. The economic crisis induced by the COVID-19 pan-demic as well as the existing war
in the region increases the pressure on the population that already has deficiencies in accessing
services for the previously stated reasons (OECD, 2014). Another obstacle in the way of access
to medical services is represented by the method of payment for the services. Patients with a
high socio-economic level prefer to pay for dental medical services from their own funds (out-
of-pocket payments) for dental check-ups as well as for curative treatments, in private clinics.
Patients with low socio-economic status generally only go to the dentist when needed (for
emergencies) (WHO, 2022).

Not all regions of Romania have the same socio-economic level, the regions in the south
and west are better rated than the region in the N-E (Moldavia) which for a long time has
registered a much lower GDP compared to the other regions of Romania, a fact that
corroborates the action of the other factors that influence access to medical services (Térok,
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2013). All these listed factors influence the sanogenic behaviour of the inhabitants of the
regions of the country, so the purpose of our study was to highlight the factors that influence
the access of adult residents from the N-E region of Romania to dental medical services. The
working hypothesis is that the gender, occupation, and level of the monthly income of the
participants significantly influence the access to medical services as well as the sanogenic
attitudes.

Even though oral-health-related quality of life (OHRQoL) does not reflect actual oral
health status on its own, it provides the patient’s perspective of their own oral health as well
as the significance and influence it has on their lives. OHRQoL may serve as a public health
indicator, indicating both the limits of oral health in communities and the influence of oral
health and dental therapies on people’s lives (Armencia et al, 2019).

The medical field’s primary focus has shifted in recent years from diagnosis and
treatment to other aspects of patient care. The patient’s quality of life is a primary focus of
attention. More techniques are becoming available to assess oral-health-related quality of life
(OHRQoL) during routine dental procedures using the fewest possible items. The oral- health-
related quality of life assessment instrument was created by experts and academics based on
health-related quality of life ideas.

The Oral Health Impact Profile (OHIP), established by Australian academics Slade and
Spencer is the most often used method for predicting oral-health-related quality of life in the
domestic and international related literature (Forna et al., 2013). One such measure is known
as the Oral Health Impact Profile (OHIP-5), which consists of five questions (Fornaetal., 2013;
WHO, 2022). The assessment of the respondents’ subjective feelings provides an estimate of
their quality of life. The respondents’ subjective feelings about a disease and its therapy have a
greater impact on their quality of life than numerous clinical indices. The interviewees'
satisfaction with oral healthcare services and the score of the oral-health-related quality of life
are regarded as two different indices, which represent the efficacy of services in the older
population (Baeten et al., 2018). According to research, dentists' evaluations of dentures are
not necessarily associated with patient contentment (Palvarinne et al., 2018; Widstrom and
Eaton, 2004). There must be consideration given to the difference between patient perception
and dental evaluations. So far, research has been conducted regarding many topics concerning
the quality of life associated with oral health. Some researchers have focused on understanding
the concept of quality of life associated with oral health (Oancea et al., 2016). Others have
made associations between oral health and quality of life, as measured by generic health tools
(Murariu et al., 2020; State of Health in the EU, 2021).

In conclusion, in Romania there are no national population studies that include a
complete picture of oral health of edentulous patients, being important to design appropriate
epidemiological tools, such as questionnaires, clinical and paraclinical examination methods
to collect information on socioeconomic, educational and motivational factors that allow
correlation with oral health condition.

Publications on this topic:
1.Walid Edlibi Al Hage, Carina Balcos, Adina Oana Armencia, Doriana Agop-Forna, Norina Forna.
Oral Health Status and Related Behavior in Adults from N-E Region of Romania. RMC 2023;
127(2):308-3171.
2.Walid Edlibi Al Hage, Doriana Agop Forna, Norina Consuela Forna. Evolutionary trends in oral
health: Review. Rom.J.Med.Dent. 2022; 10(2): 59-64
3.Edlibi Al Hage W, Dascalu CG, Balcos C, Agop-Forna D, Forna NC. Trends in Access to Oral
Health Care among Adults from the N-E Region of Romania. Medicina (Kaunas). 2022 Dec
29;59(1):74. doi: 10.3390/medicina59010074. FI=2,94
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4.Bida FC, Agop-Forna D, Bulancea BP, Balcos C, Forna NC. An Observational Study on Oral
Health and Quality of Life for RPD Wearers in the N-E Region of Romania. Medicina (Kaunas).
2022 Sep 9;58(9):1247. doi: 10.3390/medicina58091247. FI=2,94

1.1.1. Oral health status and related behavior in adults from N-E region of Romania

The aim of the study was to evaluate the oral health status as well as the behavioral
factors that influence this status in the adult population from the N-E region of Romania.

Materials and Methods

After receiving clearance from the Ethics Committee of the University of Medicine and
Pharmacy "Grigore T. Popa" lasi, Romania (no.322/08.06.2023), this retrospective
observational study was undertaken among adults from the N-E area of Romania. The
information was gathered via questionnaires presented to participants in the "Prophylaxis
Caravan" oral health screening annual event.

The following criteria were used to select participants: adults over the age of 18 from
Romania's N-E region, who signed informed consent and completed the full questionnaire after
receiving explanations about the study under the condition of anonymity. We utilized the
calculation procedure with a confidence level of p = 95% to an adult population of 3.7 million
people, on a group of 385 adults (Xia et al, 2021). Because adults completed 765 of the total
surveys completed at the previous activity, we chose all questionnaires completed by adults
between March 2022- April 2023.

In addition to demographic questions (age, gender, residence, occupation), the
questionnaire included questions about the type of medical insurance they have, their monthly
income, the type of dental office they visit, and questions about oral hygiene habits (number of
daily tooth brushings, toothbrush changing, frequency of dental check-ups.

The DMFT index was used to evaluate the oral health status, measured by adding the
number of decaying (DT) teeth, the number of missing (MT) teeth, and the number of filled
(FT) teeth (D)(Broadbent et al, 2005).

To evaluate the periodontal status, we used the Community Periodontal Index of
Treatment Needs (CPITN) as a method of screening that evaluates the presence or absence of
periodontal pockets, calculus, and gingival bleeding. Scores from 0 to 4 are given for each
tooth examined, and finally, the need for periodontal treatment is established according to the
score obtained on each sextant (Leroy et al, 2010).

SPSS Software Version 26.0 (SPSS® Inc., Chicago, IL, USA) was used to produce
descriptive statistics and evaluate the data gathered. Frequency, percentages, averages, and
standard deviations were used to show descriptive data. The most essential characteristics that
can define person’s attitudes about oral health are age, gender, occupation, monthly income,
and the frequency of visits to the dentist. To assess the differences between variables, t Student
test was utilized. A multivariate regression analysis was performed to assess the predisposition
for an affected oral health condition. A p-value of 0.05 or less was judged statistically
significant.

Results

Table I shows the analysis results regarding the study group's demographic data. Thus,
of the total of 765 participants, 53.7% are female subjects, 81.6% come from the urban zone
and 55% are unemployed (student, unemployed, retired). The average age was 47.68+17.42
years (min. 19-max. 82 years) (table I).
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Regarding the distribution by socio-economic 31.9% of participants have a high level,
49.7% a medium level, and 18.4% a low level. From a financial point of view, 63.5% of the
participants have a monthly income > 501 €, and 64.2% are self-financed, followed by 35.8%
of those who have state insurance. 78.8% of the participants were from private clinics (table

).

Table I1. Distribution (%) of subjects according to sociodemographic (N= 765).

| No %
Age 47.68+17.42(min.19, max.82)
Sex Female 411 53.7
Male 354 46.3
Residence Urban 624 81.6
Rural 252 18.4
Occupation Employee 344 45
Unemployed (student, unemployed, retired) 421 55
Socio-economic level High level 244 31.9
Medium level 380 49.7
Low level 141 18.4
Monthly income EUR <500 279 36.5
EUR >501 486 63.5
Payment for dental State insurance 274 35.8
services Private insurance and self-funded 491 64.2
Preferred dental clinic Private clinic 603 78.8
State clinic 162 21.2

The evaluated oral health habits indicate that 64.3% of the subjects brush their teeth more
than once a day, and 75.8% change their toothbrush 1-3 times/per year. 35.8% go to the dentist
"when needed" and 34.1% "once a year". The reasons to visit a dentist were for 59.3% of check-
ups or treatment and for 40.7% for dental emergencies (table I11).

Table I11. Oral health habits

No %
Oral hygiene habits
Number of brushing/days 1 toothbrushing /day 273 35.7
>1 toothbrushing /day 492 64.3
Number of toothbrushes/year 1-3 times/year 580 75.8
>3 times/year 185 24.2
Number of visits to the dentist/ Less than 1 year 43 5.6
year Once a year 261 34.1
Once in 5 years 187 24.4
When needed 274 35.8
Reasons to visit a dentist Check-up or treatment 454 59.3
Emergency 311 40.7

The evaluation of the dental status achieved by determining the DMFT index indicates
an important carious experience, DMFT having an average value of 11.4, consisting of
DT(decayed teeth)= 2.38, MT(missing teeth)=6.20 and the FT( filled teeth)component=2.49.
The increased value of the extracted teeth component is observed. In relation to certain socio-
demographic variables, dental status is more affected in the case of male subjects
(DMFT=12.16), in those with a low socio-economic level (DMFT=15.65), and in those
unemployed (DMFT=12.68). The recorded differences were statistically significant for all
evaluated variables (p=0.000) (table I11). In the case of the periodontal status evaluated through
the CPITN index, the evaluation indicates an increased frequency of subjects presenting dental
calculus, followed by those with superficial pockets (up to 5mm deep) and those with gingival
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bleeding. The distribution of the results in relation to the socio-demographic variables shows
that male subjects (25.7%), with a high socioeconomic level (26.6%), employed (31.1%) show
increased values for the dental calculus, while female subjects (16.8%), with medium socio-
economic level (16.1%), unemployed (21.9%) show increased values for superficial
periodontal pockets. The recorded differences were statistically significant (p=0.000) (table
V).

Table V. Oral health status vs. gender, socioeconomic level and occupation

Mean Gender Socio-economic level Occupation
value | Female | Male | High | Medium | Low | Employee | Unemployed
level level level
Odontal status
DT | 2.38 2.14 2.65 2.00 2.31 3.21 2.44 2.32
MT | 6.20 5.75 6.71 3.95 6.13 10.26 3.57 8.35
FT | 2.49 2.22 2.49 2.61 2.47 2.32 3.02 2.06
DMFT | 11.04 | 10.07 | 12.16 8.56 10.92 15.65 9.03 12.68
p 0.000** 0.000** 0.000**
Periodontal status - CPITN
Healthy | 51.0% | 47.9% | 54.5% | 54.1% | 49.7% | 48.9% 55.2% 47.5%
Bleeding | 6.8% 8.5% 48% | 9.0% 6.8% 2.8% 8.7% 5.2%
Calculus | 23.5% | 21.7% | 25.7% | 26.6% | 23.4% | 18.4% 31.1% 17.3%
Shallow pockets | 14.0% | 16.8% | 10.7% | 8.2% 16.1% | 18.4% 4.4% 21.9%
Deep pockets | 4.7% 5.1% 4.2% 2.0% 3.9% 11.3% 0.6% 8.1%
p 0.017* 0.000* 0.023*

*t student test, ** ANOVA test, statistically significant differences when p<0.05

Certain sanogenic habits as well as income can influence the adult's oral status. Thus,
those who brush their teeth once a day have higher DMFT values (13.67) compared to those
who brush more than once a day, the difference being statistically significant (p=0.000). The
same trend is recorded in the case of those who go to the doctor "when needed” (toothache)
(12.42) but also in those who go to the doctor only once a year (11.82). Although monthly
incomes >501 euros/month, the value of the DMFT index was higher (11.64) compared to the
value recorded in the case of those with incomes <500 euros/month (9.99) (table V).

Table V. Factors related to oral health habits and dental service’s frequency of utilization

Odontal status
DT | MT | FT | DMFT P
Number of brushing/day
1 toothbrush /day 3.07 7.89 2.79 13.67 0.000
> 1 toothbrush/day 1.99 5.26 2.32 9.58 '
Number of visits to the dentist/ year
less than once a year 3.30 4.28 2.33 9.91
once a year 2.65 6.46 2.71 11.82 0.000
twice a year 1.71 3.57 2.89 8.17 '
when needed 2.42 8.05 2.03 12.42
Monthly income
< 500 euro 1.52 6.76 1.72 9.99 0.000
> 501 euro 2.87 5.88 2.93 11.64 '

ANOVA test, Statistically significant differences when p<0.05

Table VI. Multivariate regression between gender, occupation, monthly income (independent
variables), and dependent dental status and hygiene attitudes.
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95% Confidence
Interval for Exp(B)
Lower Upper
B  [Std. Error | Sig. OR Bound Bound
DMFT >10 .869 215 .000
[Gender=Male] -.492 161 .002 611 446 .838
[Ocupation=employed] -.759 179 .000 468 .329 .665
[Socio-economic level=high] -.994 .238 .000 370 232 .590
[Socio-economic level=medium] -.863 .208 .000 422 281 .635
[Monthly income=<500 euro] -.634 .183 .001 531 371 759

The multivariate logistic regression (table V1) shows us that in the case of the number of
toothbrushings, male subjects have a 0.611 greater predisposition to have a DMFT>10 than
female subjects (p = 0.002, OR = 0.611), the same positive trend being recorded and in the case
of those employed (p = 0.000, OR = 0.468), those with high socio-economic level (p = 0.000,
OR =0.370) and medium (p = 0.000, OR = 0.422) as well as for those with monthly income
<500 euros (p=0.001, OR=0.531).

Discussions

Oral health, which has become a serious public health issue in every country, regardless
of the degree of development, is an indication of individuals' standard of life and education
(FDI, 2015; Petersen et al., 2005; Listl et al., 2015). Socioeconomic and cultural factors impact
the oral health of Romanians, who, despite the assistance of the medical insurance system and
an increased number of dentists, have poor oral health (Cigu & Cigu, 2022; Chen et al., 1997;
Weida et al., 2020; Dudovitz et al., 2018; Takeuchi et al., 2017).

The aim of our study was to evaluate the oral health status and the behavioral factors that
influence this status in a group of adult patients from the N-E region of Romania. For this
purpose, we analyzed the indicators of the oral status (dental, periodontal) and the behavioral
factors that affect attitudes related to oral hygiene, visits to the dentist, reasons for going to the
doctor or monthly income, factors that influence access to medical services. The analysis of
the collected data showed us that more than half of the subjects brush their teeth more than
once a day, change their toothbrush 1-3 times/per year, and less than half of the participants go
to the dentist "when needed" or "once a year". The reasons to visit a dentist were for 59.3% of
check-ups or treatment and for 40.7% of dental emergencies. This kind of behavior can explain
the high carious experience, witha DMFT index having an average value of 11.4. The increased
value of the extracted teeth component is observed. The dental status is more affected in the
case of male subjects, those with a low socio-economic level, and unemployed. The mean DMF
index in this study was higher than in other previous studies (Moradi et al., 2019; Kamberi et
al., 2016; Vano et al., 2015; Chan et al., 2021; Ghoddusi Johari et al., 2021). In the case of the
periodontal state, as measured by the CPITN index, the results show an increased incidence of
participants with dental calculus, followed by those with superficial pockets (up to 5mm deep)
and gingival bleeding.

The distribution of the results in relation to socio-demographic variables reveals that male
subjects with a high socioeconomic level who are employed have higher values for dental
calculus, whereas female subjects with a medium socioeconomic level who are unemployed
have higher values for superficial periodontal pockets. These findings vary from those of other
research in which female respondents have superior periodontal health due to higher levels of
dental care knowledge and attitudes (Marulanda et al., 2014; Rydén et al., 2016). Certain
sanogenic habits, as well as income level, can influence the adult's oral status (Ahmed et al.,
2023; Zimmermann et al., 2015; Sambunjak et al., 2011).
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In our study, those who brush their teeth once a day have higher DMFT values (13.67)
compared to those who brush more than once a day. The same trend is recorded in the case of
those who go to the doctor "when needed" (toothache) (12.42) but also in those who go to the
doctor only once a year (11.82). The results are similar to those of the studies carried out so far
(Mishra et al., 2019; Kakatkar et al., 2011). The income level is linked to oral diseases and a
poor quality of life in terms of oral health (Singh et al., 2019; Bhandari et al., 2015).

In our study, although monthly incomes >501 euros/month, the value of the DMFT index
was higher (11.64) compared to the value recorded in the case of those with incomes <500
euros/month (9.99). The studies carried out so far support the fact that socioeconomic factors
might impact dental service use. In Romania, dental treatments are generally supplied in private
dentist offices, and patients pay for treatment out of their own pockets, and access to these
services is influenced by many factors.

Inequalities in access to medical services are found in all countries of the world, and the
pattern is similar in all European countries. Improving access to medical services can be done
through better education regarding oral health as well as financial support for dental treatments,
with the stimulation of preventive attitudes related to oral health. Currently, the costs for oral
health care amount to significant values because patients in Romania present themselves to the
doctor at an advanced stage of the disease, which entails high treatment costs (Edlibi et al,
2023; Aldabe et al, 2011).

Conclusions

The results of our study show us that the oral health of adults in the N-E region of
Romania is influenced by an important carious experience, dental edentulism having an
increased value. Sanogenic behavior as well as monthly income are elements that influence the
quality of oral health of the population.

1.1.2. Trends in access to oral health care among adults from the N-E region of
Romania

The aim of study was to highlight the factors that influence the access of adult residents
from the N-E region of Romania to dental medical services.

Materials and Methods

This retrospective observational study was conducted among the adult population from
the N-E region of Romania, after obtaining the approval of the Ethics Commission of the
University of Medicine and Pharmacy” Grigore T. Popa” Iasi, Romania (no. 231/13.10.2022).
The working hypothesis is that the gender, occupation, and level of the monthly income of the
participants significantly influence the access to medical services as well as the sanogenic
attitudes. The data on the factors that influence access to specialized medical services were
collected through the questionnaires distributed to the participants in an oral health screening
action called "Prophylaxis Caravan”, an action that takes place annually in the N-E region of
Romania for the last 10 years with the aim of screening oral diseases among the population of
the N-E region of Romania. The data were selected from the questionnaires collected in the
year 2022.

The participant’s selection criteria were the following: adults over 18 years of age, with
permanent residence in the N-E region of Romania, who signed the informed consent and
completed the full questionnaire, after receiving explanations on what the study consisted of,
under conditions of anonymity. To an adult population of 3.712.396 peoples (INS, 2020), we
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applied the calculation formula for a confidence level of p = 95%, z = 1.96, with a margin of
error of 5% and the sample size was 385 adults (Xia et al, 2021). Of the total questionnaires
completed at the last action, 696 were completed by adults, which is why we selected all the
questionnaires completed by adults in 2022.

The questionnaire contained, in addition to questions related to demographic
characteristics (age, sex, residence, occupation), questions related to the type of medical
insurance they benefit from, monthly income, the type of dental office they frequent, the
reasons for choosing a certain type of office as well as questions about oral hygiene habits
(number of daily tooth brushings, toothbrush rotation, frequency of dental check-ups). The
financial status determined by the occupation of the individual as well as the monthly income
influences the access to medical services.

The data collected were analyzed using SPSS Software Version 20.0 (SPSS® Inc.,
Chicago, IL, USA) was used to generate descriptive statistics and analyze the data. Descriptive
statistics were presented as frequency, percentages, means, and standard deviations. Age,
gender, occupation, monthly income, and the number of visits to the dentist were considered
the most important variables that can describe the attitude of adults regarding access to dental
services. Pearson’s chi-square test was used to find an association between categorical
variables. A p-value less than 0.05 was considered statistically significant.

Results

Table I shows the analysis results regarding the study group's demographic data. Thus,
of the total of 696 participants, 55.6% are female subjects, 83.3% come from the urban
environment and 42.1% are retired. The average age was 49.66+18.21 years (min. 19-max. 85
years) (Table I). From a financial point of view, 43.5% of the participants have a monthly
income between 501-1000€, and 67.9% are self-financed, followed by 25% of those who have
state insurance. More than 70% of them prefer to access private dental services and only 20%
to the state ones.

The evaluation of the general health status shows us that 42.7% of the participants have
systemic diseases. The self-assessment of the state of health indicated that 52.4% perceive their
general state of health as "very good" and 27% as "good". Regarding the self-assessment of the
need for dental treatment, 60.5% of the participants consider that they do not need dental
treatment (Table 1). The evaluated sanogenic habits indicate that 58.1% of the subjects brush
their teeth twice a day, and 59.9% change their toothbrush 1-3 times/per year. Regarding the
number of visits to the dentist, 33.7% go to the dentist "when needed" and 33.5% "once a year"
(Table VII). Access to dental services varies depending on various factors. Thus, male subjects
declare that they go to the dentist once a year (33.5%) and women when needed (33.7%). The
participants from the rural area tend to go to the doctor when they need it, while the participants
from the urban area address in a proportion of 34.9% to the doctor's office at least once a year.
Employed subjects access dental services at least twice a year, while unemployed or retired
subjects go to the dentist when needed. The recorded differences were statistically significant
(p=0.000)(Table VIII). Among the subjects with monthly income > 500€ declare that they see
a doctor at least once a year and those with < 500€ only when needed (medical emergencies).
For preventive checks the participants presented themselves once (58.9%) or twice/year
(38.9%). From those who presented the emergency room, 62.3% of the subjects pre-sented
only when they needed it, and for treatments, only 34.7%. The differences were statistically
significant for the occupation” variables, the “reasons for presenting to the dentist”, and the
”payment method” for medical services (Table VI1I1). The payment of medical services is made
mainly from own sources, especially when the subjects call on the services of private offices.
Those who benefited from government-settled services came to the dental office more "as
needed” (41.9%)(Table VIII). Table IX shows the relationship between the variables gender
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and monthly income and the factors influencing access to dental services. Female subjects
perform between 2 and 3 brushings/day (60.4%, respectively 68%) and change their brushes
annually more frequently (72.5%) (p=0.001, p=0.000). Also, they have more annual treatment
sessions than male subjects, the reasons varying between preventive control and treatment of
dental problems for which they paid more from their own sources. Significant differ-ences were
recorded in the case of “reasons to visit the dentist” (p=0.018), ’payment for dental services”
(p=0.009) and ’preferred dental clinic” (p=0.010) (Table IX). The reasons for women not
appearing regularly at the office are ’costs” (24.3%) and fear of dental procedures” (9.8%),
while men's reasons were "high costs” (26.4%) and "lack of time” (5.9%).

Table VI11. Distribution (%) of subjects according to sociodemographic, general,
and oral health-related variables (N= 696).

| No %
Age 49.66+18.21(min.19, max.85)
Sex Female 376 55.6
Male 320 44.4
Residence Urban 579 83.3
Rural 117 16.7
Occupation Student 46 6.7
Employee 271 38.9
Unemployed 86 12.3
Retired 293 42.1
Monthly income <500 € 197 28.2
501-1000 € 303 435
>1000 € 196 28.2
Payment for dental services Never been to a dentist 14 2.0
State insurance 174 25.0
Private insurance 35 5.0
Self-funded 473 67.9
Preferred dental clinic I don't frequent any clinic 14 2.0
Private clinic 544 78.2
Government clinic 138 19.8
Systemic health problems Yes 297 42.7
No 399 57.3
Self-rated oral health Very good/good 365 52.4
Fair 188 27.0
Poor/very poor 143 20.6
Self-rated dental treatment need Yes 275 39.5
No 421 60.5
Oral hygiene habits
Number of brushing/day 1 toothbrush /day 170 24.4
2 toothbrushes/day 404 58.1
3 toothbrushes/day 70 10.1
from time to time 52 7.5
Number of toothbrushes/year 1-3 time/year 417 59.9
4- 6 time/year 184 26.4
When needed 95 13.7
Number of visits to the dentist/ Less than once a year 33 4.8
year Once a year 233 335
Twice a year 181 26.0
When needed 235 33.7
| didn't go to the dentist 14 2.0

Table VIII. Factors related to dental service’s frequency of utilization

Variable Number of visits to the dentist ‘ p |
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Lessthan | Oncea Twice a When I didn't
once a year year needed | go tothe
year dentist
Sex Female 4.3% 33.3% 26.4% 35.5% 0.4% 0.051
Male 5.5% 33.6% 25.5% 31.4% 4.1%
Residence Urban 4.4% 33.2% 25.7% 34.9% 1.9% 0.648
Rural 7.2% 34.9% 27.7% 27.7% 2.4%
Occupation Student 0.0% 36.4% 36.4% 27.3% 0.0% 0.000*
Employee 4.7% 34.2% 31.6% 24.9% 4.7%
Unemployed 8.2% 18.0% 32.8% 41.0% 0.0%
Retired 4.8% 36.8% 17.2% 40.7% 5.0%
Monthly <500 € 4.3% 34.3% 20.0% 40.0% 1.4% 0.418
income 501-1000 € 4.2% 33.8% 26.9% 33.3% 1.9%
> 1000 € 6.4% 32.1% 30.7% 27.9% 2.9%
Reasons to Check-up 1.2% 58.9% 39.9% 0.0% 0.0% 0.000*
visit a Emergency 7.0% 13.6% 16.6% 62.3% 0.5%
dentist Treatment 5.6% 34.7% 25.0% 34.7% 0.0%
I didn't go to 0.0% 0.0% 0.0% 0.0% 100%
the dentist
Payment for | Neverbeentoa 0.0% 0.0% 0.0% 0.0% 100% 0.000*
dental dentist
services State insurance 4.0% 37.9% 16.1% 41.9% 0.0%
Private insurance 4.0% 40.0% 12.0% 44.0% 0.0%
Self-funded 5.3% 32.3% 31.5% 30.9% 0.0%

*Statistically significant differences when p<0.05(Anova Test)

Table 1X. Relationship between the variables gender and monthly income with the factors that can
influence access to dental services.

Gender Monthly income Occupation
Female Male <500 € 501- > 1000 Student Employed Unemployed Retired
1000 € €
Number of 1 toothbrush /day 43.8% | 56.2% | 21.4% | 24.1% 27.9% | 3.0% 21.2% 36.1% 27.3%
toothbrushe 2 toothbrushes/day 60.4% | 39.6% | 59.3% | 57.9% 57.1% | 78.8% 61.7% 44.3% 55.5%
68.0% | 32.0% | 10.0% | 10.2% 10.0% | 15.2% 12.4% 8.2% 7.7%
slday irtgr?]ﬁt]i?;lésg etsi :;isy 405% | 59.5% | 9.3% 7.9% 5.0% 3.0% 4.7% 11.5% 9.6%
p 0.001* 0.799 0.003*
Number of 1-3 times/year 49.8% | 50.2% | 57.1% | 60.2% 62.1% | 39.4% 63.2% 50.8% 62.7%
toothbrushe 4- 6 times/year 725% | 27.5% | 27.9% | 25.5% 26.4% | 54.5% 28.5% 23.0% 21.1%
s changed/ When needed 485% | 515% | 15.0% | 14.4% 11.4% | 6.1% 8.3% 26.2% 16.3%
year
p 0.000* 0.870 0.000*
Reasons to Check-up 54.6% | 45.4% | 28.6% | 34.7% 34.3% | 51.5% 38.3% 27.9% 26.3%
visit a Emergency 50.8% | 40.2% | 47.9% | 38.4% 35.0% | 33.3% 31.1% 47.5% 47.4%
; 54.0% | 46.0% | 21.4% | 25.5% 27.9% | 15.2% 25.9% 24.6% 25.8%
nti Treatmen
dentist Id?(ajl;'tegc}to the dentist 10.0% | 90.0% | 2.1% 1.4% 2.9% 4.7% 5%
p 0.018* 0.383 0.001*
Payment for Never been to a dentist | 10.0% | 90.0% | 1.4% 1.9% 2.9% 4.7% .5%
i 62.1% | 37.9% | 88.6% | 0.0% 0.0% 45.5% 2.1% 3.3% 49.3%
dental State insurance
: : H 64.0% 36.0% | 0.0% 4.2% 11.4% 8.3% 8.2% 1.9%
rvi Private insuran
services Self-aftjn d:g ance 54.0% | 46.0% | 10.0% | 94.0% 85.7% | 54.5% 85.0% 88.5% 48.3%
p 0.009* 0.000* 0.000*
Preferred | don' frequent any clinic 10.0% | 90.0% | 1.4% 1.9% 2.9% 4.7% 5%
dental clinic | Private clinic 575% | 425% | 77.9% | 78.7% | 77.9% | 66.7% | 77.2% 70.5% 83.3%
Government clinic 53.1% | 46.9% | 20.7% | 19.4% 19.3% | 33.3% 18.1% 29.5% 16.3%
p 0.010* 0.930 0.002*
Self-rated Very good/good 55.1% 49.1% | 50.7% 53.7% 52.1% | 84.8% 58.0% 52.5% 42.1%
oral health Fair 29.0% | 245% | 22.9% | 25.5% 336% | 12.1% 29.5% 32.8% 25.4%
Poor/very poor 15.9% 26.4% | 26.4% 20.8% 14.3% | 3.0% 12.4% 14.8% 32.5%
p 0.170 0.075 0.000*
Self-rated Yes 37.0% | 42.7% | 38.6% | 41.7% 37.1% | 21.2% 39.9% 41.0% 41.6%
dental No 63.0% | 57.3% | 61.4% | 58.3% | 62.9% | 78.8% | 60.1% 59.0% 58.4%
treatment need
0.192 0.670 0.166

p
*Statistically significant differences when p<0.05(Anova Test)
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Female subjects perceive their own oral health status as "very good™ (55.1%) and "good"
(29%) in a higher proportion than male subjects who, on the other hand, see the necessity of
treatment as being higher than female subjects.

Relating the healthy habits to the monthly income, the results indicate that at the
declarative level, more than half of the subjects brush their teeth 2 times a day and change 1-3
toothbrushes a year. Those with incomes below 500 €/ per month have a percentage higher
than subjects who brush from time to time, and the toothbrushes are changed as needed. Those
with incomes below 500 € go to the doctor "when needed" (40%), such as medical emergencies
(47.9%), expenses being covered state medical insurance (88%), and those with more than
1000 € have 1-2 annual sessions (32%), more for emergencies (35%) and finance their services
from their own pockets (94%, respectively 85.7%). The differences are significant (p=0.000)
between groups when we talk about the financing of medical services.

The analysis of the data according to the occupation of the participants shows us that
students perform two brushings/day in a higher proportion compared to the other categories.
Those employed change their toothbrush at most 3 times/ year and go to the dentist most of the
time for check-ups. The treatments and check-ups are done in private clinics (77.2%) and are
paid from their own pocket (85%). Retirees have good hygiene habits (toothbrush 2 times/day,
up to 3 toothbrushes changed/year) but they go to the dentist more for medical emergencies
and the medical payment is made from state insurance and from their own pocket in almost
equal proportions (49.3%, respectively 48.3%).

Discussions

Oral health, a major public health problem now for any country regardless of the level of
development due to increased costs for treatments, represents an indicator of the level of living
and education of individuals (FDI World Dental Federation, 2015; Petersen et al., 2005). Socio-
economic as well as cultural determinants influence the oral health of Romanians who,
although they benefit from the support of the medical insurance system and the increased
number of dentists, have poor oral health (Cigu & Cigu, 2022; Dudovitz et al., 2018; Ruff &
Niederman, 2018; Takeuchi et al., 2017).

In Romania, oral health services are provided by private and state clinical centers in urban
and rural areas that are financially supported by the state or from personal sources (private
insurance or out-of-pocket payments). A big impediment in accessing the services supported
by state insurance is the type of medical treatment settled in Romania for adults, within the
limit of 60% of the costs; this is restricted only to odontal, periodontal, endodontic treatments,
minimal prosthetic treatments (1 removable acrylic prosthesis/ 10 years or metal-acrylic
crowns) or dental extractions (Cigu & Cigu, 2022; Righolt et al., 2018).The hypothesis that
gender, occupation, and level of the monthly income of the participants can influence access
to medical services, as well as their sanogenic attitudes, is supported by the results obtained in
our study.Studies confirm that low individual income is associated with oral cancer, increased
dental caries prevalence, any caries experience, tooth loss, traumatic dental injuries,
periodontal disease, and poor oral health-related quality of life (Singh et al., 2019; Bhandari et
al., 2015). In our study, the incomes of the participants were modest, with less than half of them
having incomes between 501-1000 € /month, a fact that significantly influences access to
medical services, be they general medicine or dentistry, adding to this aspect the fact that 99%
of the dental services system is private. The results of our study indicate that over 60% of those
who came to the private dental office paid for their treatments from their own pocket. Many of
the subjects with moderate monthly incomes greater visited the dentist at least once a year, and
those with low income only when they had medical emergencies. This result confirms previous
findings showing that socioeconomic conditions can influence dental services usage (Klein et
al., 2014; Muirhead et al., 2009; Filmer, 2003). Inequalities in access to medical services are
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found in all countries of the world, the pattern is similar in all European countries. Eliminating
financial barriers to accessing healthcare may have a positive effect on oral healthcare
utilization (Mackenbach, 2006; Mackenbach et al., 2008; Eikemo et al., 2008; Aldabe et al.,
2011). by supporting costs related to dental treatments and implementing prevention programs
because, according to 2015 data, the global cost of treating dental conditions for one year was
$442 billion, including both direct treatment costs and indirect costs caused by school and work
absenteeism (Righolt et al., 2018). Regarding the relationship between oral hygiene attitudes
to monthly incomes, the studies conducted in this field confirm the link between socioeconomic
status, oral health in an individual, and various factors which directly or indirectly affect oral
health (Mishra et al., 2019). Our results show that subjects with low incomes have deficient
sanogenic behavior, many of them brush their teeth from time to time, and toothbrushes are
changed "when needed". In the case of participants with a high income, it can be observed that
the number of annual sessions is higher compared to that of subjects with lower incomes, but
the reason for presenting to the doctor is still a medical emergency. What is important to
emphasize is that everyone perceives their own oral health as good without the need for dental
treatment, a perception that can influence access to dental medical services. This behavior can
be explained by the relatively modest level of oral education and low income among adults in
Romania, which results in poor oral health among them compared to other countries.The
method of paying for medical services is another element that influences the frequency of
accessing medical services.

In our study, most participants pay out-of-pocket expenses, followed by those who
benefit from state medical insurance; this situation is due to the non-performing health
insurance system in Romania. Thus, those with low incomes pay their medical expenses
through state medical insurance, while those with moderate and high incomes finance their
services from their own pockets. So, income level can be a significant predictor of the non-
utilization of dental services among adults. The results of our study agree with those of the
studies in the literature (Kakatkar et al., 2011; Obeidat et al., 2014; Winkelmann et al., 2022).

In the countries where the insurance system is set up, patients will receive treatments
compensated by state or private insurance, in state or private clinics. More than 70% of the
participants go to private offices, motivated by the fact that there are no longer many state
dental clinics, but also by the idea that they will benefit from quality medical services. The
studies carried out so far emphasize the preference for private offices because of the availability
of different types of treatment, quality of dental care, easy and early availability of
appointments, no waiting time, and the possibility to continue treatment. This finding is like
the study reported by Obeidat et al. (2014). The low number of subjects who benefited from
state-settled medical services is mainly due to the small budget provided by the Romanian state
for dental services (approx. 900 €/month/specialist doctor). Many private dental offices provide
medical services that are not supported by the government because the budget is low and the
bureaucracy is high (Pizarro et al., 2009; Duncan et al, 2014). Other factors such as
employment, gender, and residence can influence access to medical services. Employed
subjects go to the dentist at least twice a year, while unemployed or retired subjects go when
needed due to low income and probably due to lack of education. While the male subjects
presented themselves once a year, the women go to a dentist "when needed". The participants
from the rural environment go to the doctor when they urgently need treatment and those from
the urban environment at least once a year due to the higher income that the latter have and
because in the urban environment the number of offices is higher. In most cases, the behaviors
of rural people can often delay access to health services because they believe that their oral
health is good and the need for treatment is reduced just because they do not have dental pain.
The results obtained are like those of other studies in the literature (Wall et al, 2007,
Ogunbodede et al, 2004; Ajaiy et al, 2012). Preventive check-ups as well as emergencies are
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the main reasons for presenting to the dentist. Less than 40% of the participants show up for
treatments. The reasons for not visiting the office regularly are the costs and the fear of dental
procedures, especially for women, while for men it was the high costs and lack of time. The
results of our study agree with those of the study conducted by Ajayi and Arigbede (2012),
who identified the cost of dental treatment as a major barrier to oral healthcare utilization, but
they observed a more significant association between access to care and the fear of dental
treatment.

The limitations of our study are given by the fact that the descriptive study was carried
out on a self-reported questionnaire, a situation that is accompanied by a large dose of
subjectivity that can influence the analysis of the causal link between the variables. Carrying
out a longitudinal study on a larger number of participants can help to accurately establish all
the factors that reduce access to dental medical services in Romania.

Conclusions

The results of our study show us access to the dental medicine services of Romanians in
the N-E region is influenced by variables such as gender, occupation, and level of monthly
income. Access to dental services is frequently done in case of a dental emergency, more by
the female subjects and those from the rural environment. Payment for dental services, most of
them done in dental private offices, are made from state insurance for those with low monthly
income and their own pocket in the case of higher monthly income. Inequalities in accessing
medical services in Romania can only be solved by increasing the funds allocated for dental
services as well as by establishing preventive programs to improve the level of education on
the oral health of the adult population.

1.1.3. An Observational Study on Oral Health and Quality of Life for RPD
Wearers in the N-E Region of Romania

The aim of this study was to assess the relationship between the essential func- tional
qualities of RPDs and participants’ oral-health-related wellbeing among an edentulous
population from the N-E region of Romania using the OHIP-5-questionnaire, taking into
consideration whether the algorithm for RPDs developed by the Faculty of Den- tistry was
followed. We began with the hypothesis that there are statistically significant differences in
the quality of life between the three groups.

Materials and Methods

Study Design

This observational study was conducted using a sample of 546 patients who received
removable partial dentures (RPDs) in the Department of Prosthodontics, at the Faculty of
Dentistry in lasi, Romania, between January 2004 and January 2019. Undergraduate students
and interns worked together under the direction of teaching personnel to provide medical care
to the patients. This research study was authorized by the “Grigore T.Popa” lasi University’s
Ethical Committee.

To provide an RPD that is both functional and comfortable, rigorous assessment,
design, and care are required. Steps involved in RPD-related therapy include assessment of
the abutment teeth, positioning and preparation of the abutments, adjustment of the RPD metal
framework, connecting the edentulous areas to the metal framework, interaction with the
laboratory, health education for home care and maintenance, and regular preventive recall.
Patients who are partially dentate may have lost teeth because of improper oral hy- giene;
therefore, it is essential for them to practice good home maintenance hygiene, caries
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intervention strategies, and appropriate use of their removable prostheses to minimize the risk
of developing future complications.

It is essential to the operation’s effectiveness to perform careful individualized plan-
ning and manufacture of the RPD for each patient. The RPD design that may best satisfy the
demands of an individual patient should be determined by factors such as the architecture of
hard and soft tissues, occlusal relationships, tooth location, and the patient’s goals for
aesthetics and comfort.

Participant Selection

In the beginning, 546 subjects (304 men and 242 women) were selected after following
a set of sorting procedures: we recorded data sheets containing all information regarding the
treatment and the protocol used and specific laboratory data sheets containing all features
of the RPDs as well as the design and distribution of elements for support and stability. RPDs
with metal frameworks were fabricated following therapeutic treatment recommendations,
with acrylic dentures as an interim treatment followed 1 year later by metal-framework RPDs
with clasps or special elements, including hinge, ball and socket, interlocks, bar attachment,
and the university prosthetic algorithm for RPDs.

When selecting patients in the second phase, each participant was contacted and asked to
proceed by completing an OHIP-5 questionnaire; they were also asked for their written consent.
After excluding those who did not respond and those who were treated only with partial acrylic
base dentures, 338 (61.90%) valid participants were included in the final analysis. They were
then divided into three categories:

1. The first group included 106 patients (following the RPD treatment algorithm) who agreed
to the treatment plan and received acrylic dentures first and then an RPD with metal framework
and special elements. This group was considered the control group, due to the RPD’s strong
stability and retention and patients’ compliance with the clinic’s protocol.

2. The second group included 181 patients (following the RPD treatment algorithm) who
agreed to the treatment plan and received acrylic dentures first and then an RPD with metal
framework and clasps.

3. The third group included 51 patients (disregarding the algorithm and lacking interim acrylic
dentures) who refused interim acrylic dentures and received an RPD with metal framework
and special elements.

OHIPS5 Instrument

The shortest OHIP has 5 items. The OHIP-5 was devised to obtain information
equivalent to 90% of the OHIP-49 summary score (with fewer questions than the OHIP-49)
and does not categorize items into a set of seven domains. Five items are included in the OHIP-
5: one for each of the four aspects of oral-health-related quality of life (OHRQoL)— oral
function, orofacial pain, orofacial appearance, and psychosocial impact—and an additional
item for oral function. The OHIP-5 has four dimension scores and one summary score [17—
19]. The OHIP-5 questions were as follows:
1. Have you had difficulty chewing any foods because of problems with your teeth, mouth,
dentures, or jaw?
2. Have you had painful aching in your mouth?
3. Have you felt uncomfortable about the appearance of your teeth, mouth, dentures, or jaws?
4. Have you felt that there has been less flavor in your food because of problems with your
teeth, mouth, dentures, or jaws?
5. Have you had difficulty doing your usual jobs because of problems with your teeth, mouth,
dentures, or jaws?

Answers were recorded on a 5-level Likert scale, with the authors indicating a coding
from 0O to 4 (4—very often, 3—quite often, 2—occasionally, 1—almost never, and 0—never).
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The total score varies depending on the number of questions. The higher the score, the greater
the impact of oral health issues on quality of life.

To answer each OHIP question, participants were questioned about the frequency with
which they had encountered the problem in the preceding month.

Statistical Package for Social Sciences (SPSS, version 20) was used for data entry and
analysis. We used nonparametric statistical tests to determine whether there were statisti-
cally significant differences between groups for each question. The Kruskal-Wallis test is the
nonparametric equivalent of the Anova test. It shows whether there are statistically significant
differences between the three groups for the participants’ answers to the five questions.
However, to see which groups had statistically significant differences, we ap- plied the Mann—
Whitney test, the nonparametric equivalent of the t test for independent samples. We
considered the null hypothesis to be that there were no statistically significant differences
between the three groups; the research hypothesis was that there were statistically significant
differences between the three groups. The statistical significance was set at p < 0.05.

Results

The final study group consisted of 338 participants, with an average age of 64.09 + 7.38
(min. 49, max. 82). In total, 196 (58%) participants were females and 70% of participants
were from urban areas. Of all participants, 49.4% were employed, 36.4% were retired, and
14.2% were unemployed. Regarding the distribution of the participants according to the type
of edentation, the statistical analysis showed that 173 (51.2%) of the subjects had Kennedy
class Il edentation, followed by those with Kennedy class | (42.9%) and class 111 (5.9%) (Table
X).

Table X. Demographic features of study group

No %

Age 64.09 + 7.38 (min. 49, max. 82)
Se Female 196 58.0
X Male 142 420
Residenc Urban 241 71.3
esidence Rural 97 28.7
Employee 167 494
Occupation Unemployed 48 142
Retired 123 36.4
Class I Kennedy 145 429
Type of edentation Class II Kennedy 173 51.2
Class IIT Kennedy 20 5.9

Statistical analysis of questionnaire answers showed that subjects from groups 2 and 3
had a higher quality of life than subjects from group 1 (control) as evidenced by the increased
frequency of their answers “never” (26.4% and 29.4%, respectively) and “almost never”
(46.2% and 29.4%, respectively) recorded both in terms of difficulties chewing any foods and
the aesthetic aspect of the smile. The answer variants “almost never” and “occasionally” were
more frequently selected for questions pertaining to the presence of oral cavity pain and the
loss of taste in food. The answer variant “never” was more frequently selected for questions
pertaining to the presence of difficulty in performing routine tasks, with the highest frequency
recorded for group 1 (control), followed by group 3 (70%), and group 2 (53%) (Table XI).

The test results, shown in the Table XII, were expressed by a chi-square value with two
degrees of freedom and were statistically significant (p = 0.0001 < 0.05) for questions 1, 2,
3, and 5. In these cases, the null hypothesis can be rejected, as there were statistically

31



significant differences between the three groups.

We used the Mann—Whitney test to

determine whether there were significant differences between the various groups.

Table X1. Comparison of satisfaction between three groups of RPD patients

OHIP 5-ITEM LOT1 LOT2 LOT1 LOT 3 LOT2 LOT3
Have you had difficulty chewing Mean rank 90.54 175.31 77.80 81.49 129.85  69.14
any foods because of problems with  Mann-Whitney U 326.5 2576 2200
iaw?
your teeth, mouth, dentures or jaw? » 0.000 0,615 0.000
Mean rank 109.37 164.28 116.32 117.15 68.44 100.95
Have youhad painful achingin - "\ “Whitney U 59225 45825 1583.5
your mouth?
r 0.000 0.934 0.000
Have you felt uncomfortable about Mean rank 115.48 160.7 124.07 89.64 79.22 78.55
the appearance of your teeth, Mann-Whitney U 6570 3245.5 2680
jaws?
mouth, dentures or jaws? v 0.000 0.001 0.925
Have you felt that there has been Mean rank 146.12 142.76 117.86 111.67 81.01 74.82
less flavor in your food because of -
problems with your teeth, mouth, Mann-Whitney U 9368.5 4369 2490
dentures or jaws? P 0.732 0.548 0.409
Have you had difficulty doing your Mean rank 112.39 162.51 122.57 9494 7595 8534
usual jobs because of problems -
with your teeth, mouth, dentures Mann-Whitney U 6242 3516 2379.5
or jaws? r 0.000 0.004 0.069
Mann-Whitney test, p < 0.05.
Table XII. Patients’ satisfaction with RPD usage
Variables M Chi
OHIP 5-ITEM Lot N - ean i at v
o Never ?}::{(:srt Occasionally g;l:: g;?;l Rank  -Square
Have you had difficulty chewing any LOTI 106 44% 13.8% 39.2% 26.0% 16.6% 114.84
foods because of problems with your LOT2 181 26.4% 46.2% 16.0% 8.5% 2.8% 214.15 86.542 2 0.000
i el
tecth, mouth, denfures or jaw? LOT3 51 204% 27.5% 9.8% 39% 12463
LOTL 106 17.0% 18.9% 6.6% 1.9% 124.31
Have you had painful aching in o - o 49,
your mouth? LOT2 181 3.9% 37.6% 13.3% 9.4% 189.60  37.180 2 0.000
LOT3 51 2.0% 47.1% 11.8% 5.9% 192.10
Have you felt uncomfortable about LOT1 106 1% 104% 7% L9% 111.20
the appearance of your teeth, mouth, LOT2 181 21.5% 26.5% 6.1% 3.9% 103.77 26.716 2 0.000
dentures or jaws? LOT3 51  529% 15.7% 59% 0.0% 142.19
Have you felt that there hasbeen less ~ LOT1 106 7.5% 33.0% 25.5% 9.4% 173.63
flavor in your food because of o o 5 ™
problems vith your beeth, mouth, LOT2 181 10.5% 32.0% 22.7% 9.4% 169.63 0664 2 0718
dentures or jaws? LOT3 51 9.8% 23.5% 23.5% 9.8% 160.49
Have you had difficulty doing your LOTI 106 85.8% 1.9% 0.9% 0.0% 13449
usual jobs because of problems with LOT2 181 53.0% 5.5% 9.9% 6.6% 194.09 37.326 2 0000
your teeth, mouth, dentures or jaws? 7T 70.6% 7.8% 5.9% 0.0% 154.28

For question 1, scores for groups “1”

and “2” differed significantly, with p = 0.0001 <

0.05; scores for groups “2” and “3” differed significantly, with p = 0.0001 < 0.05; however,
scores for groups “1”” and “3” did not differ significantly, with p =0.615> 0.05.

For question 2, scores for groups “1”” and “2” differed significantly, with p = 0.0001 <
0.05; scores for groups 7”2 and “3” differed significantly, with p = 0.0001 < 0.05; however,
scores for groups “1” and “3” did not differ significantly, with p =0.934 > 0.05.

For question 3, scores for groups “1” and “2” differed significantly, with p = 0.0001 <
0.05; scores for groups “1” and “3” differed significantly, with p = 0.001 < 0.05; however,
scores for groups “2” and “3” did not differ significantly, with p =0.925 > 0.05.

For question 4, scores for groups “1”” and “2” did not differ significantly, with p = 0.732
> (.05; scores for groups “1” and “3” did not differ significantly, with p =0.548 > 0.05; and
scores for groups “2” and “3” did not differ significantly, with p = 0.409 > 0.05.
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For question 5, scores for groups “1” and “2” differed significantly, with p = 0.001 <
0.05; scores for groups “1” and “3” differed significantly, with p = 0.004 < 0.05; however,
scores for groups “2”” and “3” did not differ significantly, with p =0.069 > 0.05

Discussions

There is a substantial need to develop the materials and technology involved with RPDs
because of the secondary expenses associated with the oral and systemic health implications
of their usage. It is considered a reasonable and practicable therapeutic technique to use an
RPD if it can replace lost structures while causing little damage to remaining hard and soft
tissues [19]. A denture framework must be designed to ensure that the denture is strong and
durable enough not to distort a patient’s repaired occlusion. An RPD’s success depends on a
thorough understanding of RPD design and associated information, as well as effective
communication with laboratory staff.

There is a substantial need to develop the materials and technology involved with RPDs
because of the secondary expenses associated with the oral and systemic health implications of
their usage. It is considered a reasonable and practicable therapeutic technique to use an RPD
if it can replace lost structures while causing little damage to remaining hard and soft tissues
(Fejérdy et al., 2008). A denture framework must be designed to ensure that the denture is
strong and durable enough not to distort a patient's repaired occlusion. An RPD's success
depends on a thorough understanding of RPD design and associated information, as well as
effective communication with laboratory staff.

Various studies have shown that people who have lost teeth and need prosthodontic
therapy have poor dental prosthetic status (Peeran et al., 2016; Shigli et al., 2009). It is not
uncommon for this group of patients to complain about aspects that are not actually incorrect
(Moldoveanu et al., 2010; Damyanov et al., 2012). Satisfying the needs of the patient should
be the goal of any prosthodontic therapy (Verma & Sharma, 2019). The variables that
characterize patients' perceptions are different from those used by clinicians to evaluate clinical
results. After the insertion of a prosthesis, patient satisfaction is determined by the patient's
level of physical health, psychological adjustment, social functioning, and the cost-
effectiveness of the therapy. A patient's subjective opinion of the requirement for prosthodontic
appliances can be compared to an examiner's assessment of that need using the WHO
diagnostic criteria or the Geriatric Oral Health Assessment Index (Colussi et al., 2009; Locker
& Slade, 1994). Even though RPDs are often used to replace missing teeth, several issues with
their use have been recorded in various populations (Cosme et al., 2006; Akeel, 2010; Khan &
Khan, 2015; Shams et al., 2015).

In contrast to the findings of the current study, in several other studies, acrylic resin RPDs
are significantly more prevalent than cast metal framework RPDs. The treatment approach that
is ultimately chosen appears to be influenced by several factors, including the skills and
knowledge of dental laboratory technicians and the intraoral circumstances (Lynch & Allen,
2007; Radhi et al., 2007). Life expectancy is steadily rising in most countries throughout the
world, including those that are still developing. It is anticipated that by 2030, approximately
one billion individuals will be 65 years old or older, making up 13% of the population. The
findings of the current study are helpful in assessing the patients' quality of life when using
RPDs, and such findings should be presented to patients. In addition, these findings offer
valuable information that may be utilized for instructional and educational reasons (Lynch &
Allen, 2007; Radhi et al., 2007).

To the best of authors' knowledge, no clinical study has assessed the quality of life related
to prosthetic treatment for populations in certain regions of Romania (Schwarz and Barshy,
1980). Sex, educational background, dental attendance patterns, teeth brushing frequency,
scarring experiences from childhood dentistry, the expense of dental care, and the care
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organization utilized were all connected with prosthodontic status differences, but not using a
questionnaire regarding oral health (Schwarz and Barsby, 1980; Akifusa et al., 2005). McEntee
et al. showed that approximately two-thirds of the older population suffers from poor dental
health; yet, only one-third of those people reported having an issue with it. Approximately half
of the individuals (54%) had difficulty with their dentures, and 83% did not have dentures,
according to the researchers (MacEntee and Mojon, 1992).

OHIP-measured denture status was revealed to be a substantial predictor of poor
OHRQoL (Ekanayake and Perera, 2004; Locker, 1988). Frank et al. examined how satisfied
patients were after an RPD was inserted. The most common sources of discontent regarding
the new dentures were fit, ease of eating and chewing, hygiene of the mouth, speech, and
sanitation (Redford et al., 1996). In addition, according to the findings of Redford et al., the
most common issues involving adaptation to denture use among new denture wearers were
food becoming caught in the dentures, difficulty cleaning the dentures, discomfort or pain, poor
retention, and how the dentures looked (Redford et al., 1996).

If RPD problems were related to denture factors or patient variables, the research
could not determine this. The discontent of many patients cannot be explained simply by
the poor quality of dentures. For this reason, Romania has already implemented new programs
and courses at the Faculty of Dental Medicine (Gerontostomatology) for dentists as well as
oral hygienists. Dental personnel should be educated and re-educated regarding the physical,
psychological, and social requirements of the elderly population, to provide better service.
This study had certain limitations, including a small sample size and the fact that research
participants cannot be assumed to represent the entire RPD-wearing population.

To strengthen the external validity of the epidemiological research regarding RPD
acceptability and professional—patient appraisal of long-term functioning, more individuals
from varied contexts should be included. Additional longitudinal research is necessary;
ideally, it should include participants from a variety of regions and a larger sample size so
that results will more accurately represent the people who live in this region of Romania.

Conclusions

Information regarding patients’ problems with RPDs and contributing variables will
assist doctors in making educated decisions in the treatment of partly edentulous patients
requiring RPDs, as well as in reducing possible resource waste. Although this study was
confined to a specific group, it can provide insight into RPD patients’ happiness when treated
in an academic environment. If a student-treated patient sample does not apply to other
government institutions or a commercial dental practice because of differences in patient
populations, quality control, and treatment planning criteria, this should be highlighted. A
combination of research and clinical exams is needed to determine the impact of many factors
on patient satisfaction with dentures, such as the status of abutment teeth, denture-bearing
regions, oral mucosal health, saliva quality, and oral hygiene habits. This research, despite
its limitations, provides a general view of RPD wearers’ satisfaction in the N-E region of
Romania.
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1.2. MANAGEMENT OF RISK FACTORS IN IMPLANT-PROSTHETIC THERAPY

State of art

Dental implants represent pure titanium fixtures that are placed in the maxillary or
mandibular bone in order to replace the roots of missing teeth. This consists of the direct union
of an inert material to the bone tissue and is achieved through a careful surgical installation, as
well as a prolonged healing period and an adequate distribution of forces when the implant
comes into operation. (Pérez et al., 2018). This rehabilitative alternative allows the natural tooth
to be replaced by an artificial one with better functionality. Despite being a scheduled surgery,
itis not exempt from failures and complications occur in any of the phases of implant treatment.
(Pérez et al., 2018). At the present time, implant techniques offer numerous possibilities of
treatment, whose good results can be predicted with great certainty based on their functionality,
comfort, beauty, quality, and duration; however, the failure of the procedure can occur during
the surgical phase or once the prosthetic rehabilitation has been carried out, due to systemic
and psychosocial factors of the patient such as iatrogenic factors, deforming habits or dental
implant design, among others. However, currently, some believe that implant failure after the
osseointegration process is mainly due to bacterial infection and not to "rejection™ when
implants of proven quality are placed, although it is also attributed to specific characteristics
of the patients and to the skill of surgeons. In this context, dental implant failures constitute an
outstanding health problem in many parts of the world due to their frequency and the aesthetic,
facial, and psychological alterations they cause in those who do not function favorably (Corona,
et al, 2015; Pérez et al, 2018).

Data regarding the risk factors for implant success are scarce, despite the increasing body
of evidence-based knowledge regarding the prevalence of biological and mechanical/technical
complications.

Experienced dental practitioners must plan the implant-prosthetic treatment based on
proper long-term expectations of implant success and must consider possible future biological
and mechanical/technical complications when preparing patients for receiving their informed
consent (French et al, 2021)..

The long-term dental implant prognosis is determined by, among other factors, the
assessment of the risk factors in the planning stage and by stabilizing or removing preexisting
oral diseases prior to the start of implant surgery. In this context, the outcome of implant-
prosthetic treatment is influenced by various factors as follows: implant-related factors
(previous implant failure, implant surface status, degree of exposure to the oral environment);
mechanical factors (premature loading, occlusal trauma); patient-related factors (level of oral
hygiene, periodontal tissues condition, peri-implant bone condition, distance to adjacent teeth,
periodontal status of adjacent teeth; soft tissue condition); systemic factors (smoking, age-
related pathology, nutritional deficiencies, diabetes, steroid therapy, chemotherapy or
radiotherapy); surgical technique factors (Dutta et al., 2020; Clark and Levin, 2016; Tarawali,
2015; Misch et al., 2008; Salvi and Bragger, 2009; Sailer et al., 2022; Negm, 2016;
Chatzopoulos and Wolf, 2017; Karthik et al., 2013).

To reduce the risk of implant failures due to biological or mechanical/technical
complications, risk factors must be eliminated or ameliorated. Patients' compliance with a strict
follow-up protocol, including consistent home care and maintenance sessions in a private
dental office, plays an important role in the early diagnosis of the inflammatory peri-implant
processes as well as early detection of factors influencing the onset of the mechanical or
technical complications (Clark and Levin, 2016; Tarawali, 2015).
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It is known that there are many factors that can contribute to the success or failure of
implants, from the condition of the patient to the surgical and prosthetic protocols performed
by the operator. (Pérez et al., 2018). Among the exogenous factors are those related to the
experience and skill of the operator and to the characteristics of the implants. Among the local
endogenous factors, the characteristics of the bone are of great importance (since poor-quality
bone will have a higher probability of rejecting an implant), as well as whether the site has
received radiation treatment in the head and neck area, since it modifies the vascularity of the
bone, making it unsuitable for any intervention. The amount of bone in the place where the
implant will be placed should also be considered, as a lack of bone will lead to placing an
implant in the wrong position, compromising the final restoration and subjecting the implant
to inadequate forces, or this will lead to choosing a smaller size implant, which may affect its
stability and survival. (Pérez et al., 2018)

Implant loss is the most serious complication in dental implants. They can occur within
6 months of their placement (early loss) or later (late loss). The growth of healthy bone around
the implant — a process known as osseointegration — is the standard measure of implant
success.

The following factors can interfere with the process and lead to implant failures (Corona
et al, 2015; Pérez et al., 2018).

o Health conditions. Uncontrolled diabetes is a major cause of dental implant failures

within the first year of implant placement.

o Age. People over 60 are prone to implant failures due to existing diseases, decreasing
jaw bone density, and slow healing rates. Talk to your dentist/implantologist to know
if an implant suits your age.

o Smoking. Smoking reduces the blood supply to the oral tissues and slows down
healing. Smoking for a long time can also increase the risk of periodontitis and gum
infections, increasing the chance of implant failure. Implant failure rates are high
among smokers — 11% compared to 5% for non-smokers.

o Oral hygiene status. Poor oral hygiene results in plaque buildup. Gum infections and
periodontitis raise the risk of implant failure. Peri-implantitis, an inflammatory
condition surrounding the implants, is often linked to poor oral hygiene. It's important
to clean the interdental areas regularly to maintain the implants for a long time.

o Jaw bone quality and density. Jaw bone density reduces as we age. A minimum of 1
mm strong bone on all sides is needed to support a standard implant. Diseases like
osteoporosis and habits like bruxism can eat away at the jaw bone and increase the
risk of implants failing.

o Radiation. Cancers are often treated with irradiation therapy. Radiation can block the
blood supply to the jaw bones and cause damage to their structures. Research reveals
that the success rate for implants placed in bone undergoing radiation is only 70%,
compared to a 90-95% success rate for normal bones (Guzman, 2013).

With so many factors linked to the success of implants, it's natural that all implants don't
last forever. Studies highlight a failure rate of up to 5-10%, either early or in the late stages.
Keeping the factors and failure rates in mind, it's important to plan an implant placement
carefully. An experienced implantologist is the right person to guide you on this (Guzman,
2013).

The placement of an implant foresees the activation of a biological response that leads to
the repair of damaged tissues and the integration of the implant. Then, the same sequence of
biological events that occurs in traumatic injuries to bone tissue occurs, whatever their origin,
that is, bone formation involves a cascade of cellular events. (Tibeica et al., 2023).

Osseointegration of an implant in the bone is defined as the close apposition of newly
formed bone in congruence with the implant, including surface irregularities; even,
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microscopically, interposed connective or fibrous tissue is not observed and, furthermore, the
direct structural and functional connection is established, with the capacity to support normal
physiological loads, without excessive deformation and without initiating rejection
mechanisms. Light microscopy and transmission electron microscopy analyses have shown an
excellent fit between the implant and the bone. (Tibeica et al., 2023)

The proportion of direct bone-material contact of the implant varies according to implant
material and design, host condition, surgical technique, loading conditions, and time. A good
description for this interface would be to describe it as a discontinuous interface, a term that
reflects the trend towards understanding osseointegration as a process and not as a result.
(Tibeica et al., 2023)

Proper implant prosthetic treatment planning is essential for long-term success.
Obtaining information from a careful medical history is crucial as the first step in treatment
planning. For Bascones, the information obtained through the interview and the clinical history,
together with the evaluation of the risk factors, are key to assessing the probability that the
implant has to osseointegrate. (Tibeica et al., 2023)

Generally, the ideal conditions that allow the achievement of an implant-supported
rehabilitation are those that promote the function, phonetics, and aesthetics of the patient.
(Tibeica et al., 2023)

Various authors have proposed criteria to determine the success of osseointegrated
implants: Schnittman and Schulman, Cranin et al., McKinney et al., Albrektsson et al., and
Smith and Zarb. The criteria proposed by Albrektsson are widely used nowadays. According
to this author, the success criteria of an implant are the following:

o The implant is immobile when clinically evaluated.

o There is no evidence of peri-implant radiolucency evaluated on a distortion-free

radiograph.

o The average vertical bone loss is less than 0.2 mm per year after the first year of

service.

o There is no pain, discomfort, or infection attributable to the implant.

o The design of the implant allows the placement of a crown or prosthesis with a

satisfactory appearance for both the patient and the dentist.

By applying these criteria, a success rate of 85% at 5 years of observation and 80% at 10
years of observation is expected to classify the implant within the minimum levels of success.
However, these criteria describe an ideal quality implant for a clinical study or report but do
not address individual implants that may have a stable condition in the mouth after a brief
period of bone loss (Tibeica et al., 2023)

It should be taken into account that the criteria that are commonly cited in clinical reports
refer to the survival percentage, this means if the implant is physically in the mouth or if it has
been removed. Critics argue that implants that must be removed for either pain or disease may
also be retained and misclassified as successful (Tibeica et al., 2023).

There are other terms that have been suggested for implant success over time, such as
early successful implant for an implant that has 1 to 3 years of service, intermediate successful
implant for 3 to 7 years, and successful implant at a long-term for the implant that is older than
7 years (Tibeica et al., 2023).

Systemic diseases can affect oral tissues by interfering with healing or increasing the risk
of other diseases. In addition, these diseases must be treated with medication or other therapies
that could affect the tissues near the implants and the osseointegration process. In the reviewed
literature, systemic conditions are established that may not make the use of dental implants
recommendable or, at least, question the success of this treatment. However, with the available
evidence, it is not sufficient to contraindicate implant placement in these patients. According
to the American Association of Anesthesiology (ASA), patients who are going to receive dental
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implants must be in one of the first two physical status categories corresponding to ASA I:
healthy patient, or ASA I1I: patient with mild systemic disease. Patients with compromised
conditions or any patient who is in another of the categories should arrive at ASA Il to be
treated (Pérez et al., 2018)

The risk of infection in immunosuppressed patients is one of the main considerations
when placing implants in these patients. Antiretroviral therapy postpones the appearance of
AIDS in patients infected with the HIV virus and also reduces the manifestations and
appearance of opportunistic infections (Pérez et al., 2018).

Many case reports have demonstrated successful implant rehabilitations in
immunocompromised but stable patients. The recommendation is to extend the follow-up time
of these patients after the integration of the implants. Strietzel (2006) exposes a series of cases
with one hundred percent survival of implants placed in patients with HIV, it is not specified
whether antibiotic therapy is used, but the use of 0.2% chlorhexidine daily. Baron et al.,
published the rehabilitation of a patient with 12 implants and the follow-up with clindamycin
antibiotic medication. According to the above, this condition is not contraindicated for the
placement of implants as long as they are medicated and stable patients. In addition, as
mentioned, the recommendation is to extend monitoring times after implant placement (Pérez
etal., 2018).

Among the systemic factors that put the implant at risk are smoking, which compromises
healing, some medications such as bisphosphonates that inhibit bone regeneration and give rise
to osteonecrosis and are indicated mainly in patients with osteoporosis, the older age of the
patients, and the presence of systemic diseases such as diabetes, or heart and immune diseases,
among others. (Pérez et al., 2018).

The behavior of the patients is decisive in the appearance of peri-implant pathologies. It
is possible that unconscious manifestations such as bruxism, stress, or undiagnosed
malocclusion problems favor treatment deterioration. But above all, it is the careless attitude
towards dental health that leads to new failures. People forget that the placement of implants
is the result of the deterioration of natural parts. After an implantology treatment, if they
continue to incur a lack of oral hygiene or engage in harmful habits such as smoking and poor
nutrition, it is very likely that they will suffer from implant diseases.

If risk factors are not managed properly, complications of dental implant failures include
early phase complications and late phase complications (Guzman et al, 2015; Tamez et al,
2017):

Early phase complications are as follows:

o Lack of implant stability. An unstable implant becomes mobile. Two key causes behind
implant instability are trauma, insufficient healing time, and placing an artificial tooth
over it immediately after the implant is placed (immediate loading).

o Infections at the site. At times, the implant can get infected, and in severe cases, it can
attack the supporting jaw bone. The bone structures degenerate gradually, and the
implant loses its supporting base.

o Implant-associated allergy. Titanium, often used in dental implants, can cause an
allergic reaction. If you already have an allergy to titanium, don't forget to mention it
to your dentist.

Late phase complications are as follows:

o Implant rejection. Dental implants can act as a foreign material, and the body can reject
them. Though such cases are rare, they can happen.

o Nerve damage. An implant, if placed too close to a nerve, can cause temporary or
permanent damage to it. If you are numb around the lips, gums, or tongue, chances are
a nerve has been damaged.
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o Intrusion into the sinus. Slight displacement during surgery can lead to intrusion into
the maxillary sinus cavity, complicating the process.

Regarding the success/failure rates for different types of implants or those from different
manufacturers, there is little data available. It appears overall, however, that implant height
(i.e., body length), implant type (cylindrical or tapered), and one-stage or two-stage placement
have no statistically significant effect on success or failure, although many studies directed at
these effects were not well controlled. Nevertheless, the literature indicates that modern
implants with tapered bodies and roughened surfaces exhibit higher success rates than the early
smooth surface implant bodies (Guzman et al, 2015; Tamez et al, 2017).

In the treatment of patients with posterior short edentulous span, prosthodontists must
balance the influence of multiple factors of prosthetic, periodontal, and endodontic origin as
well as the socioeconomic factor and patient's demands (Zitzmann et al., 2010). The clinical
decision between the tooth- versus implant-supported fixed partial dentures (FPD) is based on
anatomic, esthetic, and economic factors, as well as the demands of the patient (Sailer et al.,
2022). The implant-prosthetic treatment of edentulous patients has become a therapeutic
approach with reliable functional and aesthetic results. Dental implants also decrease
psychological trauma compared with conventional treatment options (Chatzopoulos & Wolf,
2017). However, despite the increased demands for implant-prosthetic rehabilitation, a large
category of posterior edentate people cannot benefit from implant-supported fixed partial
dentures therapeutic approach due to socioeconomic reasons or a combination of local, loco-
regional, and systemic factors (Tan et al., 2004). For candidates for implant-prosthetic therapy,
the dental practitioner must make therapeutic decisions based on clinical and paraclinical
investigations. An important tool in the decision-making can be data collected from
retrospective and prospective studies regarding the survival rates, prosthetic success rates, as
well as the potential factors that could influence the long-term outcome of the tooth- or implant-
supported FPD. Biological complications (dental caries, endodontic pathology, periodontal
disease) and technical complications (loss of retention) can reduce the longevity of tooth-
supported FPD. At a 10-year follow-up, FPD supported by 2-4 natural teeth abutments have a
risk of 2.1% for abutment fracture, 2.6% for dental caries, and 0.7% for periodontitis; the risk
of loss due to technical complications was 6.4% (retention loss) and 3.2% (material fracture)
(Heydecke et al.,, 2012). Biological complications (peri-implantitis) and technical
complications (loss of retention, screw loosening, abutment fractures, ceramic veneering
chipping) can also reduce the prosthetic success of implant-supported FPD (Wittneben et al.,
2014; Lee et al., 2016; Pjetursson & Heimisdottir, 2018).

Systematic reviews and prospective research lead to the following conclusions regarding
the risk factors that can influence the success/failure of the surgical and prosthetic stage in
implant-prosthetic therapy (Corona et al, 2015; Guzman et al, 2015; Tamez et al, 2017; Pérez
etal., 2018):

o Exogenous and endogenous factors are established, related to the surgeon's

experience, as well as the presence of bone reabsorption or the need for bone grafts.

o An implant health quality scale and relate the categories of this scale with the

prognosis of existing conditions in our patients.

o Radiation, smoking, cardiovascular disease and HIV do not represent

contraindications for implant placement, but cases should be analyzed and the risks
of the procedure explained to the patient.
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1.2.1. Study regarding the status of the prosthetic field of the patients candidates to
dental implants

Introduction

Regarding the high percents of population with partial edentation, a complete functional
and esthetic rehabilitation requires the improvement of clinical and biological indices, during
pro- implant and pro-psosthetic stage, to reduce the functional imbalances in complex oral
rehabilitation cases (Forna et al., 2008; Leung & Pow, 2009). The analysis of the mucous and
bone support is requested in the preoperatory stage along with assessment of biomechanical
aspects, esthetic demands of patient, as well as the combination of the biological, mechanical,
esthetic and physiological factors (Pellizzer et al., 2012).The planning of the proprosthetic and
proimplant stages will follow the transfer of the forces from implant to periimplant bone tissues
establishing the protective and negative factors in relation to loading protocol, implants
materials and design, volume and density of the periimplant bone, and the features of the
implant-bone interface (Dundar et al., 2016). The patients with low volume and quality bone
represent a major risk factor for the long-term success of the implant- prosthetic restorations
(Herrmann et al., 2005).

Aim of study
The aim of study was to evaluate the prosthetic field status for edentulous patients
candidates to dental implants as well as the required guided tissues regeneration procedures.

Materials and method

The study group included 297 untreated edentulous patients aged between 30-70 years
(99- males, 198 - females), with partial edentation, programmed for implant-prosthetic
treatment in Clinical Dental Learning Base of Dental Medicine Faculty, U.M.F. ,.Grigore T.
Popa” lasi and two private dental practices. Informed consent was obtained for all patients.
Anamnesis data, clinical examen, paraclinical examens were recorded in clinical papers and
Microsoft Excel database. The bone maxillary and mandibular support was assessed by using
clinical and radiographic examen, and the prosthetic fields were divided in positive and
negative prosthetic fields. The distribution of Misch classes and osteodensity (Ruben-Duval
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indices) for maxillary and mandibular prosthetic fields were recorded to determine the
required procedures of tissue regeneration techniques for the optimization of clinical and
biological indices of the prosthetic field. For patients requiring bone addition or
augmentation, the implants insertion was programmed after 3-4 months. For all patients it was
planned delayed implantation after an interval of 4-6 months.

Results

In figure 1.a. is presented the status of the bone support for patients with extended partial
edentation to maxillary bone. Regarding the number of maxillary hemiarcades with extended
partial edentation, in 38% cases the bone support is classified as A/B (do not require alveolar
augmention +/-sinus lift), 15% is classified B-w, 53% is classified C. In 68% of maxillary
hemiarcades with extended partial edentation is requested alveolar augmentation associated
with sinus lift).

Bone status- maxillary EPI
(class Misch A-C)

53%
60% 38%

40%
15%
20%
0%
A/B B-w C

Fig. 1.a. Bone quality for patients with maxillary EPI
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Fig. 1.b. Posterior maxillary alveolar bone quality (posterior area).
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Figure 1.c. Bone support for patients with mandibular edentation
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In figure 1.b.-c is presented the status of the bone support for patients with posterior
extended partial edentation to maxillary and mandibular bone. Regarding the number of
maxillary hemiarcades with extended partial edentation, in 45% cases the bone support is
classified as SA1 (do not require alveolar augmention +/-sinus lift), 18% is classified SAA,
37% is classified SA3. In 55% of posterior areas of maxillary hemiarcades with extended
partial edentation is requested alveolar augmentation.
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Fig. 1.d. Rubens-Duval osteodensity indices for patients with edentation
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Fig. 2. Proportion of patients requiring guided tissue regeneration techniques
(maxillary vs mandibular edentation)

In figure 1.d. are presented Rubens- Duval indices indicating the osteodensity for
patients with extended partial edentation. Regarding the number of maxillary and
mandibular hemiarcades with extended partial edentation, in 22% cases the bone support is
classified as osteodensity indices 1 for maxillary areas, in 60% cases the bone support is
classified as osteodensity indices 1 for mandibular areas, the osteodensity indices 2 are
detected in 39% of maxillary hemiarcades, and 33% of mandibular hemiarcades, and
osteodensity indices 3 are detected in 39% of maxillary hemiarcades, and 7% of mandibular
hemiarcades with extended partial edentation. In fig.2. are presented data regarding the
proportion of edentulous patients candidates to dental implants requiring guided bone
regeneration techniques for the posterior area. 55% of the patients with maxillary extended
partial edentation and 40% of patients of the patients with mandibular extended partial
edentation require alveolar bone regeneration techniques.

Discussions
The aim of our study was the assessment of the prosthetic field according to Misch
criteria and Rubens- Duval osteodensity indices. Considering this aim, the criteria for a
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satisfactory prosthetic field are as follows: alveolar ridge height over 10 mm, alveolar ridge
width over 6mm, mucous thickness maximum 2-3 mm, the absence of deformations of the
alveolar bone both in horisontal and vertical plan to the level of the implant sites (Topalo &
Dobrovolschi, 2008; Sarbu et al., 2013)

In our study, we found that for maxillary bone support, only 38% patients are classified
with class Misch A/B (optimal and satisfactory bone support), considering both frontal and
posterior areas. Regarding the posterior maxillary area, in 45% cases the bone support is
classified as SA1 (do not require alveolar augmentation +/-sinus lift).

Regarding the number of mandibular hemiarcades with extended partial edentation, in
60% cases the bone support is classified as A/B (do not require alveolar augmentation +/-sinus
lift). Regarding Rubens-Duval indices indicating the osteodensity of the bone support of the
edentulous patients, only in 22% cases the maxillary bone support is classified with
osteodensity indices 1 , while osteodensity is more satisfactory in mandibular bone support
where Rubens- Duval indice 1 is found in 60% cases.

Those clinical situations characterised by negative biological and clinical indices for the
edentulous patients candidates to dental implants require guided tissues regeneration
interventions (Sarbu et al., 2013). In this context, in our study group it was determined that
proportion of prosthetic fields requiring guided tissues interventions was 55% for maxillary
edentations and 40% for mandibular edentations.

Papakoca (2011), in a similar study, found that 61% of patients candidates to dental
implants require maxillary alveolar augmentation with sinus lifting, and 39% of patients
required mandibular alveolar augmentation, with 75% of the mandibular graft procedures
requested in the posterior areas. Regarding the need for guided bone regeneration techniques,
46% of the sinus lifting procedures were associated to guided bone regeneration techniques,
and 31,5% of the mandibular augmentation procedures were associated to guided bone
regeneration techniques.

Séarbu et al. (2016) found that patients candidates to dental implants have moderate or
severe defects of bone support in 66% cases. The patients that allow implantation without
alveolar augmentation present favourable bone parameters as follows: mean alveolar ridge
width 5.8(x0,36)mm (A, B+), mean alveolar ridge height 14.74(+0,54)mm. The author
succeded to perform immediate implantation without additional surgical interventions in
49,5% cases. In 51,5% cases the bone support required alveolar augmentation or osteosplitting
procedure. The alveolar augmentation was used for patients with bone parameters as follows:
width of alveolar ridge 4,83+(0,49)mm (B+), height of alveolar ridge 12.2(+0,5)mm.

The alveolar bone volume and quality influence the implant-prosthetic therapeutic plan
regarding the moment of implantation, the loading protocol, as well as the design of the future
prosthetic restoration.

The investigation of the prosthetic field elements and areas that need rehabilitation
impose the use of diagnostic and treatment algorithms for the optimisation of the prosthetic
solutions, avoidance of potential errors and the increase of the accuracy of the implant and
surgical procedures (Babbush et al., 2011).

Conclusions

- Patients candidates to dental implant present the severe changes of the mucosal and
bone support in 55% cases.

- In maxilary extended edentation, in 38% cases the bone support is classified A/B, in
15% cases the bone support is classified B- w, and 53% cases are classified class C.

- 55% of the maxillary hemiarcades with extended partial edentation require guided bone
regeneration techniques.
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- In mandibullary extended edentation, in 60% cases the bone support is classified A/B,
in 13% cases the bone support is classified B-w, and 27% cases are classified class C.

- 40% of the mandibulary hemiarcades with extended partial edentation require alveolar
augmentation by guided bone regeneration techniques.

1.2.2. Assessment of Various Risk Factors for Biological and Mechanical/Technical
Complications in Fixed Implant Prosthetic Therapy: A Retrospective Study

The aim of this research was to determine the influence of several factors on the
biological and technical complications in the fixed implant-prosthetic therapy of the posterior
edentulism.

Materials and method

The research was performed according to the ethical values of the Declaration of Helsinki
and received approval from the ethics committee of U.M.F. "Grigore T.Popa" lasi (Romania)
(N0.19355). All patients were informed about the research objectives and provided written
informed consent.

Study Design. Inclusion and Exclusion Criteria.

This was a retrospective study including 67 patients (mean age: 63.88 + 11.709 yr;
gender: 20 males, 47 females) with posterior partial edentulism that were treated in a private
practice from 2006 to 2018. The implant-prosthetic therapy was performed with Nobel Biocare
HQ (Switzerland) implants (178 implants; length 10-13 mm; width 3.5-4.5 mm) and metal-
ceramic implant-supported fixed partial dentures (IP-FPDs). The mean follow-up time was
7.89 £ 4.626 yr. The subjects were selected from patients invited to recall.

The inclusion criteria were as follows: age > 18 years; 3-5 units IP-FPDs with centric
pontic; follow-up 3-15 years. Exclusion criteria were decompensated metabolic diseases and
non-compliant patients to periodontal maintenance visits.

The design of the study followed the PICO components (Table XII1). The features of the
study group at recall are presented in Table 11, globally, as well as by comparison according to
the implants’ survival.

Table XI1I. Study design (PICO). Components.

Component Description
Population (P) Patients with posterior edentulism
Intervention (I) Fixed implant prosthetic therapy—3-5 units metal-ceramic IP-FPDs
Comparison (C) Implants w1fh bwloglcal cornpl'lcatlons (Pl-_‘l'l—lmplal':ltltlt:i)
Implants associated with mechanical/technical complications
Outcome (O) Risk factors for biological complications (OR)

Risk factors for technical complications (OR)

Table XIV. Study groups features (at recall) —
univariate analysis regarding the implants’ survival

Implants’ survival

Total Yes (n=172) No (n=6) p
(n=178) (100,0%) (100,0%)
Age group ,190
40-60 yr 49 (27,5%) 49 (28,5%) 0 (0,0%)
>60 yr 129 (72,5%) 123 (71,5%) 6 (100,0%)
Gender ,179
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M 55 (30,9%) 55 (32,0%) 0 (0,0%)
F 123 (69,1%) 117 (68,0%) 6 (100,0%)
Smoking status ,193
Non-smoker 130 (73,0%) 124 (72,1%) 6 (100,0%)
Smoker 48 (27,0%) 48 (27,9%) 0 (0,0%)
Periodontal history ,340
Yes 45 (25,3%) 45 (26,2%) 0 (0,0%)
No 133 (74,7%) 127 (73,8%) 6 (100,0%)
Oral hygiene (mPI) 1,000
0-1 157 (88.2%) 151 (87,8%) 6 (100,0%)
2-3 21 (11.8%) 21 (12,2%) 0 (0,0%)
Bruxism ,592
Yes 31 (17,4%) 31 (18,0%) 0 (0,0%)
No 147 (82,6%) 141 (82,0%) 6 (100,0%)
Implants number /FPD ,036*
2 100 (56,2%) 94 (54,7%) 6 (100,0%)
3 78 (43,8%) 78 (45,3%) 0 (0,0%)
Implant site grafting ,029%*
Yes 88 (49,4%) 88 (51,2%) 0 (0,0%)
No 90 (50,6%) 84 (48,8%) 6 (100,0%)
Follow-up (yr) ,026%*
3-5 ani 82 (46,1%) 76 (44,2%) 6 (100,0%)
6-10 ani 48 (27,0%) 48 (27,9%) 0 (0,0%)
>10 ani 48 (27,0%) 48 (27,9%) 0 (0,0%)
Edentulism location ,029*
Mx 91 (51,1%) 85 (49,4%) 6 (100,0%)
Md 87 (48,9%) 87 (50,6%) 0 (0,0%)
Implant location ,553
C/IL 15 (8,4%) 15 (8,7%) 0 (0,0%)
PM 58 (32,6%) 55 (32,0%) 3 (50,0%)
M 105 (59,0%) 102 (59,3%) 3 (50,0%)
Opposing surfaces ,015%
Natural teeth 58 (32,6%) 58 (33,7%) 0 (0,0%)
Removable dentures (acrylic teeth) with 18 (10,1%) 18 (10,5%) 0 (0,0%)
implants support
FPD (metal ceramic) with natural teeth 66 (37,1%) 60 (34,9%) 6 (100,0%)
support
FPD (metal ceramic) with implants support 36 (20,2%) 36 (20,9%) 0 (0,0%)

Implant Stage and Prosthetic Procedures

Before the implant stage, patients with periodontal pathology were treated by non-
surgical or surgical procedures by a periodontologist. A single surgeon (P.M.B.), with > 15
years of experience, performed the alveolar bone grafting procedures and the implant surgical
technique. The alveolar bone rehabilitation was required for 49.4% of the implant sites. For
patients with severe resorbed alveolar bone, the implant site reconstruction was performed by
horizontal and vertical augmentation techniques with xenografts and resorbable collagen
membranes (Wessing et al., 2018; Elnayef et al., 2018). Implants were placed following the
standard implant protocol by delayed implant placement protocol (Beschnidt et al., 2018;
Canellas et al., 2019). Chlorhexidine 0.12% rinse was recommended pre- and post-operatively.
Patients that underwent alveolar bone addition procedures received a preoperative loading dose
of antibiotics and postsurgical doses for 3-5 days in relation to infectious risk (Surapaneni et
al., 2016). Implants were conventionally loaded (delayed loading) at 3 months with definitive
metal-ceramic fixed dentures (Chen et al., 2019; Mitsias et al., 2018).

Definitions
Implant survival definition: implant and abutment still present in the mouth at follow-up
examination (Dutta et al., 2020).
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Implant failure definition: implants that require removal or have already been lost (Dutta
et al., 2020).
ICOl introduced failed implants in Group IV Pisa Implant Health Scale that includes both
implants unable to be restored and implants associated with any of these conditions: (1)
palpation, percussion or function are associated with pain, (2) horizontal and/or vertical
mobility, (3) severe and progressive bone loss, (4) uncontrolled exudate, or (5) more than 50%
bone loss around the implant (Dutta et al., 2020).
Success definition: presence of the implant, abutment, and prosthetic suprastructure in
situ without biological complications (Sailer et al., 2022) or without mechanical or technical
complications during the follow-up time (Salvi & Bragger, 2009).
Implants with biological complications were considered implants with peri-implantitis
(associated with progressive marginal loss) (Karthik et al., 2013; Heitz-Mayfield & Salvi,
2018), while peri-mucositis is a reversible condition under proper treatment (Heitz-Mayfield
& Salvi, 2018).
Criteria for peri-implantitis diagnosis were as follows:
o Peri-inflammation signs at the clinical level (erythema, swelling, bleeding on
probing, and/or suppuration) (Heitz-Mayfield & Salvi, 2018).

o In the absence of a previous radiograph, radiologic bone loss of at least 3 mm (from
the implant shoulder) combined with probing depth of >6 mm associated with BOP
(Renvert et al., 2018; Berglundh et al., 2018; Heitz-Mayfield & Salvi, 2018; Hanif et
al., 2017).

The mechanical complications are the loss of screw hole access material, screw
loosening, abutment loosening, screw fracture, or implant fracture (Karthik et al., 2013; Heitz-
Mayfield & Salvi, 2018).

The technical complications of the implant-supported fixed partial dentures are
fracture/chipping of veneering ceramic and fracture of the framework of fixed partial denture
(Karthik et al., 2013; Heitz-Mayfield & Salvi, 2018).

Clinical Examination:

o Complete clinical examinations were performed by one independent and calibrated
examiner (DB) from October 2021 to May 2022. The following categories were
assessed:

Medical history;

Familial history;

Smoking history (smokers > 10 cigarettes/day; non-smokers);

Mechanical/technical complications: absent, major complications such as implant

fracture, medium and minor complications (fracture of abutment, veneer or

framework, veneering chipping, loosening of abutment or screw, loss of retention);

o Peri-implant soft tissues condition: probing pocket depth (PPD) using a manual
periodontal probe (Click-Probe®, Kerr, Bioggio, Switzerland) at six sites per
implant, bleeding on probing (BOP), mobility;

o Modified Gingival Index (mGl) (Mitsias et al., 2018);

Modified plaque index (mPII) at all implants (Mitsias et al., 2018);

o Width of Kkeratinized tissue (mm) (mandible: 6 sites/implant; maxillary: 3
sites/implant) - measured from the mucogingival junction and the most coronal point
of the keratinized mucosa in the center of the IP-FPD (Mitsias et al., 2018).

Radiologic Analysis

The CBCT exam (Sirona Orthophos XG) was used to calculate the peri-implant marginal
bone loss (MBL). CBCT scanning conditions were: 85 kV, 6 mA, 14.4 s irradiation time, 25—
1025 pSv irradiation dose, 1 mm slice thickness. The measurements were done by an
independent radiologist who was not involved in the study. At the mesial and distal implant

o O O O

O
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sides, Sidexis XG/ DVT (Densply/Sirona) software was used to measure the distance between
the connection implant-abutment and the level of MBL. The highest value was taken as the
extent of bone loss.

Data collection
All patients were examined during the yearly regular visit for implant and surrounding
hard and soft tissues status. Data were collected and introduced into an SPSS database
by one investigator (DB). The following data were collected: gender and age group (40-60 yr.
vs. >60 yr.), oral hygiene (mPI index), as well as data regarding biological complications and
mechanical/technical complications.

Statistical analyses

The statistical analyses were performed in SPSS 29.0. The qualitative variables were
characterized through frequencies distributions. The quantitative variables were characterized
through descriptive statistics (averages and standard deviations). The assessed variables were
as follows: demographic factors (age group: 40-60 yr. vs. > 60 yr.; gender), smoking (1-10
cigarettes/day vs. no smoking), periodontal history (present vs. absent), oral hygiene (mPI 0-
1 vs. 2-3), bruxism (present vs. absent), implants number (2 vs. 3), bone grafting (present vs.
absent), follow-up (3-5 yrs. vs. 6-10 yrs. vs. >10 yrs.), edentulism location (Mx vs. Md vs. Mx
+ Md), opposing arch (natural teeth vs. removable dentures with implant support vs. metal-
ceramic fixed dentures with implant-support vs. natural metal-ceramic fixed dentures with
implant-support). The risk factors for the biological and mechanical/technical complications
were assessed through Chi-squared test and OR (Odds Ratio), as well as through binary logistic
regression. The survival time was evaluated through Kaplan-Meyer analysis and Log-Rank
(Mantel-Cox) test. The degree of statistical significance was set at p < 0.05.

Results
Implant data at recall. Implant survival and success rates

The implant data at recall (PPD; mean MBL; BOP; mGl; mPI; width of keratinized
mucosa) are shown in Table XV.

Table XV. Implant data at recal

n =178 (100%)

PPD <3 mm: 160 (89.33%); 3.5-5 mm: 12 (6.74%); >5 mm: 7 (3.93%)
MBL (mean) 1.3625 mm (mesial); 1.0875 mm (distal)
BOI’+S§:}?$=; 11 Ett)’siﬁve 117 (64.74%)
mGlI (max./implant) 0:68 (38.20%); 1: 85 (47.75%); 2: 18 (10.11%); 3: 7 (3.94%)
mPI (max./implant) 0: 88 (49.45%); 1: 75 (42.13%); 2: 8 (4.49%); 3: 7 (3.93%)

Width of keratinized mucosa Absent: 18 (10.10%); <2 mm: 84 (47.20%); =2 mm: 76 (42.70%)
PPD = pcriod(mtal puck.(_’t dcpth; GI = modified gingi\-'al index; PI = modified plaqul_‘ index; BOP = bluuding on
probing.

Implant survival rate was 96.6% (172 implants from the total of 178). Implant success
rate (absence of biological/technical complications) was 66,3% (118 implants from the total of
178). The complications reported at the level of the 178 implants were as follows: peri-
implantitis (24 cases — 13.5%); mechanical/technical complications (51 cases — 28.7%).

Table XVI exposes the univariate analysis on peri-implantitis in relation to variables such
as smoking, periodontal history, poor oral hygiene, bruxism, follow up > 10 years, FPD (metal-
ceramic) with natural teeth support on the opposing surfaces.
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Table XVI. Peri-implantitis occurrence- univariate analysis results

Peri-implantitis p
yes (n=24) no (n=154)
Age group 40-60 ys 6 (25,0%) 43 (27,9%) ,766
> 60 ys 18 (75,0%) 111 (72,1%)
Gender M 6 (25,0%) 49 (31,8%) ,501
F 18 (75,0%) 105(68,2%)
Smoking status Yes 15 (62,5%) 33 (21,4%)  ,000%*
No 9 (37,5%) 121 (78,6%)
Periodontal history ~ Yes 21 (87,5%) 24 (15,6%)  ,000%**
No 3 (12,5%) 130 (84,4%)
Oral hygiene (mPI) 0-1 15(62,5%) 142 (92,2%) ,000%**
2-3 9 (37,5%) 12 (7,8%)
Bruxism Yes 6 (25,0%) 25 (16,2%) ,383
No 18 (75,0%) 129 (83,8%)
Implants number 2 15 (62,5%) 85 (55,2%) ,502
/FPD 3 9 (37,5%) 69 (44,8%)
Implant site grafting Yes 21 (87,5%) 67 (43,5%)  ,000%*
No 3 (12,5%) 87 (56,5%)
Follow-up (yrs.) 3-5 3 (12,5%) 79 (51,3%) ,001*
6-10 12 (50,0%) 36 (23,4%)
>10 9 (37,5%) 39 (25,3%)
Edentulism location MX 18 (75,0%) 73 (47,4%) ,012%
MD 6 (25,0%) 81 (52,6%)
Implant location C/IL 3(12,5%) 12 (7,8%) ,071
PM 12 (50,0%) 46 (29,9%)
M 9 (37,5%) 96 (62,3%)
Opposing surfaces  Natural teeth 0 (0,0%) 58 (37,7%)  ,000%*
Removable dentures (acrylic) with 0 (0,0%) 18 (11,7%)

implant support
FPD with natural teeth support (ceramic) 24 (100,0%) 42 (27,3%)
IP-FPD (ceramic) 0 (0,0%) 36 (23,4%)

The binary logistic regression model of the significant risk factors is statistically
significant (p < ,001 — Omnibus Test of Model Coefficients) and explains 69,1% from the
variance of the peri-implantitis (Nagelkerke R?), with a sensibility of 87,5% and a specificity
of 100,0%; the identified statistically significant predictors were: periodontal history and
implant site grafting (Table XVII).

Table XVII. Risk factors for peri-implantitis

Estimated 95% CI (average)
average SEM  Lower limit  Upper limit
Implant survival / success 16,528 ,189 16,157 16,899
Implants without complications 12,471 ,429 11,631 13,312
Implants without biological complications 15,420 ,387 14,662 16,178
Absence of mechanical/technical complications 13,159 439 12,298 14,019

The risk factors for mechanical/technical complications, as depicted in Table XVIII, are
age group > 60 yrs., smoking, periodontal history, poor oral hygiene, bruxism, 2 implants
support, implant site grafting, follow-up at 3-5 years but also at over 10 yrs., mandibular
location, and opposing surfaces on FPD (metal-ceramic) with teeth support.
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Table XVI11. Mechanical/technical complications occurrence- univariate analysis results

Univariate analysis

Multivariate analysis

Parameters: Pearson P Risk of technical Binary logistic regression
Chi- complications
squared OR/ 95% CIOR/ | B coef. OR 95% CI OR p
RR RR*
Age group > 60 8,903 ,003%% | 3,839 1,518 = 9,709 ,172 ,879
yIS.
Periodontal 58,817 | ,000%* | 17,569 | 7,687 +40,158| 3,065 | 21,429 | 1,941 +236,601 | ,012*%
history
Oral hygiene 9,454 ,002%* 1 4034 | 1,581 +10,297| ,704 ,665
(mPI 2-3)
Bruxism 43,671 | ,000%* | 15,238 | 5,954 +38,999| 3,231 | 25,293 | 2,560 +~ 249,907 | ,006**
Number of 19,890 | ,000%* | 5,552 | 2,494+12,357| 2,679 | 14,567 | 1,260 +~ 168,402 | ,032*
implants (FPD
with 2 implants
support)
Implant site 19,195 | ,000%* | 4,843 2,316 + 1,663 ,090
without 10,130
grafting
Mandibular 7,168 L007** | 2,478 1,264 4,860 | 1,921 6,831 | 1,069 +43,640 | ,042*
edentulism
Opposing arch 64,025 | ,000%* - - 1,047 | 2,850 1,103 + 7,363 L031%
Constant -8,435 | ,000 ,000

The binary logistic regression model of the significant risk factors is statistically
significant (p < ,001 — Omnibus Test of Model Coefficients) and explains 69,1% from the
variance of technical complications (Nagelkerke R?), with a sensibility of 82,4% and a
specificity of 97,6%; the identified statistically significant predictors were: periodontal history,
bruxism, FPD with 2 implants support, mandibular edentulism and opposing surfaces on FPD
(metal- ceramic) with natural teeth support (Table XIX).

Table XIX. Risk factors for mechanical/technical complications

Univariate analysis

Multivariate analysis

Parameters: Pearson p Risk of periimplantitis Binary logistic regression
Chi- OR/ 95% CIOR / B coef. OR 95% CI OR p
squared RR RR*
Smoker 17,785 | ,000%* | 6,111 2,456 + 15,207 ,846 - - ,376
Periodontal 56,850 | ,000%* | 37917 | 10,482 + 137,152 5,065 | 158,442 (22,663 +~ 1107,699| ,000**
history
Oral hygiene 17,611 | ,000%* | 7,100 2,573 + 19,590 ,496 - - ,745
(mPI 2-3)
Implant site 16,077 | ,000%* | 9,090 | 2,602 +31,756 | 3,280 | 26,585 | 2,863 + 246,853 | ,004**
grafting
Follow-up (yrs.) 13,384 ,001%* - - -,506 - - ,561
Maxillary 6,329 ,012% 3,329 1,254 + 8,839 1,063 - - 217
location
Opposing arch 47,074 ,000%* - - 217 - - ,627
Constant -7,229 ,001 ,000

The average survival time of the dental implants is presented in Table XX (follow-up 3-
17 years). The implants’ average survival time was of 16.528 years, while the survival time
without biological or technical complications was of 12,471 years.
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Table XX. Kaplan-Meyer survival analysis results

Mechanical/technical p
complications
yes(n=51) no(n=127)
Age group 40-60 yrs. 6 (11,8%) 43 (33,9%)  ,003%**
> 60 yrs. 45 (88,2%) 84 (66,1%)
Gender M 21 (41,2%) 34 (26,8%) ,060
F 30 (58,8%) 93 (73,2%)
Smoking status Yes 6 (11,8%) 42 (33,1%)  ,004%**
No 45 (88,2%) 85 (66,9%)
Periodontal history ~ Yes 33 (64,7%) 12 (9,4%) ,000%**
No 18 (35,3%) 115 (90,6%)
Oral hygiene (mPI) 0-1 39 (76,5%) 118 (92,9%) ,002%**
2-3 12 (23,5%) 9 (7,1%)
Bruxism Yes 24 (47,1%) 7 (5,5%) ,000%*
No 27 (52,9%) 120 (94,5%)
Implants number 2 42 (82,4%) 58 (45,7%)  ,000%*
/FPD 3 9 (17,6%) 69 (54,3%)
Implant site Yes 12 (23,5%) 76 (59,8%)  ,000%*
grafting No 39 (76,5%) 51 (40,2%)
Follow-up (yrs.) 3-5 18 (35,3%) 64 (50,4%) ,150
6-10 15 (29,4%) 33 (26,0%)
>10 18 (35,3%) 30 (23,6%)
Edentulism location MX 18 (35,3%) 73 (57,5%)  ,007**
MD 33 (64,7%) 54 (42,5%)
Implant location C/IL 3 (5,9%) 12 (9,4%) , 701
PM 18 (35,3%) 40 (31,5%)
M 30 (58,8%) 75 (59,1%)
Opposing surfaces  Natural teeth 3 (5,9%) 55(43,3%)  ,000%*
IP-FPD (acrylic) 9 (17,6%) 9 (7,1%)
Natural teeth- FPD (ceramic) 39 (76,5%) 27 (21,3%)
IP-FPD (ceramic) 0 (0,0%) 36 (28,3%)

Discussions

In our study, the definitions of the implant survival and success were based on the
statement of International Congress of Oral Implantologists (ICOI) Consensus Conference for
Implant Success (2007) (Misch et al, 2008). In the fixed implant-prosthetic therapy, the major
role of the dental implants is to act as abutments for fixed restorations, similar to a natural
tooth. In this context, ICOI stated that any success criteria must include implants ability to
support functional dentures (Misch et al, 2008). However, implant success is difficult to
describe in the same way as the success criteria required for a tooth (Misch et al, 2008). We
considered implant success only those implants that were not associated to major biological
complications (peri-implantitis) or any technical and mechanical complication during the
follow-up time (Salvi&Bragger, 2009). This category of implants correspond to the Group | of
the Pisa Implant Health Scale with very good to excellent prognosis (the absence of any
biological or technical complications as well as the lack of association to mechanical
complications of their prosthetic suprastructure). Despite the stability and the absence of
symptoms (pain, tenderness) (Group Il of the Pisa Implant Health Scale), the presence of the
peri-implantitis has a potential for early clinical problems (Misch et al, 2008). Moreover,
implants exhibiting a slight to moderate peri-implantitis and compromised health status (Group
Il of the Pisa Implant Health Scale) are implants that can be associated with technical or
mechanical complications of its prosthetic suprastructure.

The goal of our study was to highlight several risk factors for complications (biological,
mechanical/technical) associated with implant poor prognosis or failure. Our research included
only patients who were compliant to the annual maintenance sessions. The implant-prosthetic
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therapy outcomes require an assessment made through patient-based parameters, as the patient
becomes central in the overall analysis. In this context, the treatment success is not based only
on the clinical and technical aspects but also on the compliance of patients with oral hygiene
rules and maintenance sessions (Del Fabbro et al., 2019). The literature has a great variability
of data regarding both the prevalence of implant success and biological and
mechanical/technical complications due to different criteria systems and evaluation protocols
and techniques. Studies with a minimum of 5-year follow-up report variable results on the
prevalence of peri-implantitis. The prevalence of peri-implantitis at the implant level was 7.3%
(Dalago et al., 2017), 9.1% (Mir-Mari et al., 2012), 9.8% (Aguirre-Zorzano et al., 2015), 9.83%
(Lee et al., 2017), 9.6% (Atieh et al., 2013), 16% (Daubert et al., 2015), 23% (Marrone et al.,
2013), 24.9% (Derks et al., 2016), and 72% (Schuldt et al., 2014). At the patient level, the
prevalence of peri-implantitis was 13.3% (Konstantinidis et al., 2015), 15.1% (Dalago et al.,
2017), 16.3% (Mir-Mari et al., 2012), 18% (patients compliant to maintenance periodontal
sessions) (Konstantinidis et al., 2015), 18.8% (Atieh et al., 2013), 19.83% (Lee et al., 2017),
26% (Daubert et al., 2015), 37% (Marrone et al., 2013), and 45% (Derks et al., 2016). Derks
and Tomasi (2015) reported the incidence of peri-implantitis of 1-47% (weighted mean
prevalence of 22%). Epidemiological studies addressing biological complications are mainly
aiming at the assessment of incidence and prevalence but are less focused on determining the
peri-implantitis stages due to the absence of consistent case definitions, cohorts with a
significant number of subjects, and longer monitoring periods (Derks et al, 2015). There are a
relevant number of long-term studies aiming to determine the prevalence of peri-implantitis as
well as potential risk indicators or significant predictors (patient age, age of implants,
periodontal status, level of oral hygiene) (French et al., 2021; Del Fabbro et al., 2019; Dalago
et al., 2017; Mir-Mari et al., 2012; Aguirre-Zorzano et al., 2015; Lee et al., 2017; Atieh et al.,
2013; Daubert et al., 2015; Marrone et al., 2013; Derks et al., 2016; Schuldt et al., 2014;
Konstantinidis et al., 2015; Costa et al., 2012; Derks and Tomasi, 2015; Wada et al., 2021,
Roccuzzo et al., 2014; Roos-Jansaker et al., 2006; Mitrea et al., 2022; Ferreira et al., 2015;
Albrektsson et al., 2012). We found that patients' lack of compliance with proper oral hygiene,
as well as bruxism, were factors significantly associated with the onset of peri-implantitis. Poor
oral hygiene was strongly correlated with the onset of peri-implantitis, while the history of
periodontitis was highlighted as a risk indicator for peri-implantitis (Aguirre-Zorzano et al.,
2015; Roccuzzo et al., 2014; Derks et al., 2016). The history of periodontitis and the quality of
oral hygiene were also proposed as risk factors by other studies (Derks et al., 2016;
Konstantinidis et al., 2015; Roos-Jansaker et al., 2006). Significant predictors of peri-
implantitis were found in the maxillary implant location (2.98 times higher probability of peri-
implantitis when compared to the mandibular area) and the age group < 60 years (Schuldt et
al., 2014). The frequency of peri-implantitis increases significantly if the mean follow-up is
more than 8 years (Daubert et al., 2015). A positive correlation was detected between peri-
implantitis and the parameters age, periodontal history, and the number of missing teeth
(Marrone et al., 2013). Increased plague index increases the probability of peri-implantitis by
1.36 times, while the use of alveolar augmentation techniques of the implant site reduces the
risk of peri-implantitis (OR=0.87); the loss of a tooth due to periodontal disease increases the
risk of peri-implantitis (OR=1.063) as well as the maxillary location of the implants being
associated with an increased probability of peri-implantitis (OR=1.052) (Marrone et al., 2013).
The authors of the study concluded that the low level of oral hygiene and active periodontal
disease represent the most significant risk factors for the occurrence of peri-implantitis
(Marrone et al., 2013). In our study, age group, gender, and implant location were not found as
significant predictors of peri-implantitis; this result is confirmed by research that failed to
correlate these factors with implant failure (Mitrea et al., 2022). We found that smokers have
a6.11 times higher risk of peri-implantitis when compared to non-smokers. One study reported
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that smoking was significantly correlated with peri-implantitis prevalence (Mitrea et al., 2022).
Increased prevalence of peri-implantitis was higher in smokers (36.3%) while the maintenance
periodontal therapy has a significant role in reducing the risk of peri-implantitis (Atieh et al.,
2013). The prevalence of moderate/severe peri-implantitis was higher in patients with fixed
implant-prosthetic restorations with follow-up > 9 years (Derks et al., 2016). However, peri-
implant pathology is not the only factor that induces marginal bone loss. Other reasons include
physiological remodeling after implant insertion, occlusal overload, practitioner experience in
surgical and prosthetic stages, the level of oral hygiene, and systemic status (Ferreira et al.,
2015; Albrektsson et al., 2012).

In our current study, we found a higher risk of mechanical/technical complications for
patients in the age group > 60 years, smokers, and patients with a history of periodontal disease
or bruxism. In multivariate analysis, the most significant predictors for mechanical/technical
complications were smoking and bruxism. Bredberg et al. (2023) found a significant
association between the combination of bruxism and smoking and peri-implant increased
marginal bone loss for patients with a minimum 36 months follow-up. Patients who are both
bruxers and smokers had significantly greater marginal bone loss when compared to patients
who are either bruxers or smokers, or neither (Bredberg et al., 2023). We found that patients
with bruxism have a 15.23 times higher risk of mechanical/technical complications when
compared to non-bruxers. Chrcanovic et al. (2017) also reported a significantly higher risk of
implant failure associated with mechanical/technical complications (OR 2.71) (Chrcanovic et
al.,, 2017). Despite the significant correlation of bruxism with mechanical/technical
complications, other risk factors must be considered and analyzed in further studies. Our results
regarding the prevalence of mechanical/technical complications are in the range of those
reported by literature data (Sailer et al., 2018; Heydecke et al., 2012; Kreissl et al., 2007). We
found that age group > 60 yrs., smoking, periodontal history, bone grafting, and bruxism are
associated with an increase in the mechanical/technical complications rate. The most frequent
mechanical/technical complications reported for implant-supported fixed partial dentures
(FPDs) located in posterior areas are as follows: loss of screw access hole material (23.6%),
followed by ceramic veneer fracture/chipping (11.8%), and screw loosening (8.4%) (Bardis et
al., 2022). Baumer et al. (2020) found a 19.4% rate of implant technical complications, with
abutment/screw loosening being the most common complication (5.3%) (Baumer et al., 2020).
Literature data associated higher rates of mechanical/technical complications with excessive
implant loading, bruxism, the length of the implant-prosthetic reconstruction, and a history of
repeated complications (Mathieu et al., 2014).

Some limitations of the current study must be considered: retrospective design, patients
selected from standard pool of private dental practice, and a homogeneous study group
consisting of patients recruited from a single private dental practice.

Conclusions

In univariate models, patients with low-quality oral hygiene and bruxism have an
increased risk of peri-implantitis. In multivariate models, significant predictors of peri-
implantitis were not identified. Age group > 60 years, smoking, periodontal history, bone
grafting, and bruxism are risk factors for the increase of the implant mechanical/technical
complications rate. In the multivariate model, bruxism is a significant predictor of
mechanical/technical complications.

52



1.2.3. Oral and Periodontal Risk Factors of Prosthetic Success for 3-Unit Natural
Tooth-Supported Bridges versus Implant-Supported Fixed Dental Prostheses

The goals of this study are as follows:

(1) to compare the survival and prosthetic success of metal-ceramic 3-unit teeth- versus
implant-supported fixed dental prostheses;

(2) to assess the influence of several factors on the prosthetic success of teeth- or implant-
supported FPD.

Materials and method
Study design. Inclusion and exclusion criteria.

The retrospective cohort study was conducted at Clinical Base of Dental Medicine
Faculty, University of Medicine and Pharmacy “Grigore T.Popa” lasi (Romania), and Bardi
Clinic (Athens, Greece), between December 2019 and May 2022. The study included 68
posterior edentulous patients (mean age: 61,00 + 1,325 yr; gender: 20 males, 48 females)
treated by one surgeon (P.M.B.) between 2005-2017.

Patients have received 3-unit tooth-supported FPD (Group A- 40 patients) or implant-
supported FPD (Group B- 28 patients). The features of the study group (patients, tooth-and
implant-supported FPD) were reviewed by one investigator (IC) (Tables XXI and XXII). The
study adhered to the ethical values of the Declaration of Helsinki and received approval of
ethics committee of U.M.F. “Grigore T.Popa” Iasi (Romania) (Nr.19356). All patients involved
in the study received information about the objectives of the research and provided written
informed consent.

Inclusion criteria were age > 18 years; 3-unit tooth- or implant-supported FPD with
centric pontic; follow-up > 5 years.

Exclusion criteria were decompensated metabolic diseases; non-compliant patients to
periodontal maintenance sessions; cantilever design or resin bonded bridges.

Table XXI. Features of study groups per patients (tooth-supported FPD vs. implant-supported FPD)
Group A (3-unit Group B (3-unit Total Pearson p
tooth-supported implant-supported Chi-squared

FPD) FPD)
Ns (%) 40 (58,9%) 28 (41,1%) 68(100%)
Age, m £ SD 57,20 + 1,597 66,42 + 1,863 61,00 + - 0,000**
1,325
Age group, Ns(%) 11,561 0,001**
40-60 yr 22 (55%) 4 (14,3%) 26(38,2%)
>60 yr 18 (45%) 24 (85,7%) 42(61,8%)
Gender, Ns(%) 1,461 0,227
M 14 (35%) 6 (21,4%) 20(29,4%)
F 26 (65%) 22 (78,6%) 48(70,6%)
Smoking status, 0,622 0,430
Ns(%)
Non-smoker 28 (70%) 22 (78,6%) 50(73,5%)
Smoker (1-10/day) 12 (30%) 6 (21,4%) 18(26,5%)
Periodontal disease 0,586 0,444
history, Ns(%)
Yes 18 (45%) 10 (35,7%) 28(41,1%)
No 22 (55%) 18 (64,3%) 40(58,9%)
Oral hygiene 3,631 0,057
(OHI-S/mPI), Ns(%)
0-1 26 (65%) 24 (85,7%) 50(73,5%)
2-3 14 (35%) 4 (14,3%) 18(26,5%)
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Table XXII. Features of study groups per FPD (tooth-supported FPD vs. implant-supported FPD)

Group A Group B Total Pearson p
(tooth-supported | (implant-supported Chi-
FPD) FPD) squared
3-units FPD, Ns(%) 52 (61,9%) 32 (38,1%) 84(100%)
Follow-up, m £ SD 10,27 £ 0,496 8,656 + 0,718 9,655+ 0,417 - 0,060
Follow-up, Ns(%) 7,269 0,007**
5-10 yr 20 (38,5%) 22 (68,75%) 42(50%)
>10 yr 32 (61,5%) 10 (31,25%) 42(50%)
Location (MD/MX), 0,182 0,670
Ns(%)
MD 38 (73%) 22 (68,75%) 60(71,4%)
MX 14 (27%) 10 (31,25%) 24(28,6%)

Table XXII1. Study design (PICO). Components.

Component Description
Patients with short edentulous span treated either by
teeth-supported FPD or implant-supported FPD
1. Group A: Tooth-supported FPD.
2. Group B: Implant-supported FPD
Inter-groups comparison
Group A (Tooth-supported FPD) vs. Group B (Implant-supported FPD)
Prosthetic success
Risk factors (OR)

Population (P)

Intervention (1)

Comparison (C)

Outcome (O)

Definitions
FPD survival was defined as FPD remaining in situ with or without complications while
still functioning (Sailer et al, 2018).
FPD prosthetic success was defined as surviving FPD without biological and technical
complications (Sailer et al, 2018).
Biological complications included (Hanif et al, 2011):
- tooth-supported FPD: dental caries, loss of tooth vitality, mobility, pillar tooth loss;
- implant-supported FPD: peri-implantitis or implant loss.
Mechanical/technical complications included (Hanif et al, 2011):
- tooth-supported FPD: tooth fracture, loss of retention, framework fracture, minor or
major veneer chipping, occlusal wear, poor marginal adaptation;
- implant-supported FPD: implant fracture, framework fracture, loosening of
restoration, loss of screw access hole, veneering fracture/chipping, occlusal wear,
poor marginal adaptation.

Collection data
All patients were examined during the yearly regular visit (clinical exam, Rx, CBCT) for
FPD status, abutments, surrounding hard and soft tissues as well as patient satisfaction.
The patients’ data were collected and entered directly into a database in an SPSS file
(SPSS software, version 27, SPSS Inc., Chicago, USA) by one investigator (IC).
The following data was collected:
- demographic parameters: age group (40-60 yr. vs. > 60 yr.), gender;
- oral hygiene (OHI-S index- patients treated with tooth-supported FPD; mPI index-
patients treated with implant-supported FPD);
- biological complications of the pillar teeth (tooth-supported FPD) and dental
implants (peri-implantitis) (implant-supported FPD);
- mechanical/technical complications of tooth- or implant-supported FPD.
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Statistical analysis

Descriptive statistics including frequencies, means and standard deviations were
calculated for demographic characteristics and follow-up. Risk factors of the prosthetic success
were assessed by chi-square test and OR (Odds Ratio). All tests of significance were evaluated
at the 0.05 error level with SPSS v.27.0 (IBM, Armonk, NY, USA).

Variables that showed statistically significant differences in univariate analysis of
prosthetic success were introduced into the multivariable logistic regression analysis.

Results

The survival rate of tooth-supported FPD was 100% while survival rate of implant-
supported FPD was 87,5% (Table XXIV). The prosthetic success was 69,25% for tooth-
supported FPD and 68,75% for implants-supported FPD (Table XXV). The statistical analysis
found significant statistical differences between the group of teeth-supported FPD and implant-
supported FPD, regarding the rates of survival (p=0,19**) (Table XXIV). The statistical
analysis found the absence of significant statistical differences between the group of teeth-
supported FPD and implant-supported FPD, regarding the prosthetic success (p= 0,963) (Table
XXV).

Table XXIV. Rate of survival (tooth supported FPD vs. implant supported FPD)

Survival, Group A Group B Total Pearson p
Ns(%) (tooth-supported FPD) (implant-supported FPD) Chi-
patrat
YES 52 (100%) 28 (87,5%) 80 (95,24%)
6,825 | ,019**
NO 0 (0%) 4 (12,5%) 4 (4,76%)
Table XXV. Rate of prosthetic success (tooth-supported FPD vs. implant-supported FPD)
Prosthetic Group A Group B Total Pearson p
success, (tooth-supported FPD) (implant-supported FPD) Chi-
Ns(%) patrat
YES 36 (69,25%) 22 (68,75%) 58 (69,05%)
,002 ,963
NO 16 (30,75%) 10 (31,25%) 26 (30,95%)

Univariate analysis found the absence of statistically significant association between
gender, FPD location (maxillary vs. mandible; quadrants), smoking, oral hygiene. However,
the prosthetic success of tooth-supported FPD rate was higher for males (81,8%) vs. females
(60%), mandible (71,4%) vs. maxillary (68,4%), non-smokers (71,4%) vs. smokers (68,4%),
and patients with excellent and good oral hygiene (77,8%) vs. patients with poor oral hygiene
(50%).

Chi square test yielded significant statistical differences regarding the prosthetic success
of tooth-supported FPD in patients with age >60 yr. (83,3%) comparing to patients in age group
40-60 yr. (57,1%) (p= 0,041*) as well as in patients with no periodontal history (86,7%)
comparing to patients with history of periodontal disease (45,5%) (p=0,001**) (Table XXVI).

Univariate analysis found the absence of statistically significant association between age
groups, gender, FPD location (maxillary vs. mandible; quadrants), smoking, oral hygiene) and
prosthetic success of implant-supported FPD. However, the prosthetic success of implant-
supported FPD rate was higher for males (75%) vs. females (66,7%), mandible (80%) vs.
maxillary (63,6%), non-smokers (71,4%) vs. smokers (50%), and patients with excellent and
good oral hygiene (76,9%) vs. patients with poor oral hygiene (33,3%).
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Chi square test yielded significant statistical differences regarding prosthetic success of
tooth-supported FPD in patients with no periodontal history (90%) comparing to patients with
history of periodontal disease (33,3%) (p=0,002**) (Table XXVII).

In the group of the patients with implant-supported FPD we identified only a single risk
factor and therefore the multivariate analysis was not necessary. Multivariate analysis was used
only for the group of patients with tooth-supported FPD.

For tooth-supported FPD a binary logistic regression model was constructed to assess the
effects of variables identified as being responsible for statistically significant differences in
prosthetic failure of the tooth-supported FPD— where only 2 of the identified risk factors were
identified. The constructed model was statistically significant (p < .001 — Omnibus Test of
Model Coefficients) and explains 43.5% of the variation in prosthetic failure (Nagelkerke R2),
correctly classifying 80.8% of cases, compared to 69.2% of cases correctly classified initially,
using only the constant, without any of the possible predictors.

Variables that showed statistically significant differences in prosthetic success of
tooth-supported FPD were introduced into the multivariable logistic regression
analysis. Age group and periodontal history were found predictors of prosthetic
success. Compared with patients aged older than 60 years, those aged 40-60 years had
worse prosthetic success (OR .093; p=.010%*). Patients with periodontal history had
significantly less prosthetic success (OR 18,546; p=.001**). Other variables (gender,
location, periodontal history, smoking, oral hygiene, follow-up) did not show statistical
significance relative to prosthetic success (Table XXVII1).

Table XXVI. Tooth-supported FPD: failure risk factors

PROSTHETIC SUCCESS Total Pearson Chi- Failure risk
Yes No squared OR/ 95% ClI
RR* OR/RR*

N % N % N %

Location MD 26 68,4% 12 31,6% 38 100,0%  Chi’>=,043 - -

MX 10 71,4% 4 28,6% 14 100,0% p = 1,000
Location 1 2 500% 2 50,0% 4 100,0% Chi’®=1,276 - -
(quadrant) 2 8 80,0% 2 20,0% 10 100,0% p=,735

3 8 66,7% 4 333% 12 100,0%

4 18 692% 8 30,8% 26 100,0%
Gender F 18 60,0% 12 40,0% 30 100,0% Chi’=2,836 - -

M 18 818% 4 182% 22 100,0% p =,092
Age >60 20 833% 4 16,7% 24 100,0% Chi®=4,161 267 ,072 +,987

= 0 = *
group gg 16 57.1% 12 42.9% 28 100,0% p =,041
Smoker Yes 10 714% 4 286% 14 100,0%  Chi?=,043 - -
(1-10/day) No 26 68,4% 12 31,6% 38 100,0% p = 1,000
Periodontal Yes 10 455% 12 545% 22 100,0% Chi®=10,120 7,800 2,030+ 29,975
history No 26 86,7% 4 133% 30 100,0% p =,001**
Oral hygiene 0- 28 0 8 o. 36 100,0% Chi?=4,012 - -
(OHI-S) 3.0 77,8% 22,2%
- 0, =

gé 8 50.0% 8 50.0% 16 100,0% p =,058

Total 36 692% 16 30,8% 52 100,0%

Table XXVII. Implant-supported FPD: failure risk factors

Pearson Failure risk
PROSTHETIC SUCCESS Total Chi-squared
Yes No OR/ 95% ClI
N % N % N % RR* OR / RR*

Location MD 14 636% 8 36,4% 22 100,0% Chi2=,857 > =
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MX 8 800 2 20,0% 10 100,0% p =,440

. 0, 12 = _ -
Location 1 2 50,0% 2 50,0% 4 100,0% Chi
3,762
(quadrant) 2 6 100,0% 0,0% 6 100,0% p =,288
3 6 60,00 4 40,0% 10 100,0%
4 8 66,7% 4 33,3% 12 100,0%
Gender F 16 66,7% 8 33,3% 24 100,0% Chi2=,194 - -
M 6 75,0% 2 250% 8 100,0% p = 1,000
Age group  >60 20 71,4% 8 28,6% 28 100,0% Chi2=,748 - -
- 0, =
gg 2 50,0% 2 50,0% 4 100,0% p=,572
Smoking Yes 2 50,0% 2 50,0% 4 100,0% Chi%2=,748 - -
No 20 71,4% 8 28,6% 28 100,0% p=,572
1 0, i2 = s
Periodontal Yes 4 33.3% 8 66.7% 12 100,0% 1Clhl210 18,000 2,717 + 119,23
History No 18 90,00 2 10,0% 20 100,0% p=,002**
Hygiene 0-1 20 0. 6 0 26 100,0% Chi? =
(mPI) 76,9% 23,1% 4311
2-3 2 333% 4 66,7% 6 100,0% p =,060
Total 22 68,8% 10 31,3% 32 100,0%
Table XXVIII. Multivariate analysis regarding
significant risk factors of prosthetic success for tooth-supported FPD
Multivariate analysis— binomial logistic regression
Coeff. of
model p-Value OR 95% CI OR
equation
Age >60 ani -2,375 ,010* ,093 ,015 + 570
Periodontal history 2,920 ,001** 18,546 3,120 + 110,239
Constant -1,346 ,017* ,260
Discussions

The decision-making by dental professionals can be influenced by their biases, interests,
and experiences; at the same time, data received from retrospective and prospective studies is
considered an indirect experience able to affect decision-making processes (Lee et al., 2016).
The treatment decisions as well as the selection of the pillar teeth and implant site abutments
for fixed partial denture to patients with short span edentulousness should be based on scientific
evidence provided by scientific dental research. In the decision-making process the
practitioners must consider that the teeth with questionable prognosis and treatment
requirements can reduce the prosthetic success of the tooth-supported FPD (Pjetursson and
Heimisdottir, 2018; Sailer et al., 2018).

Literature data reports inferior survival and success rates of implant-supported FPD
compared to the tooth-fixed partial dentures (Hanif et al., 2017; Zitzmann et al., 2009; Pol et
al., 2018; Cristea et al., 2022). The longevity of the implant-supported FPD can be significantly
decreased when biological complications and/or mechanical/technical complications occur
(Hanif et al., 2017; Pjetursson et al., 2007). However, the treatment of posterior short
edentulousness span by using tooth-supported FPD involves the preparation of the future teeth
selected as bridge pillars, a procedure that makes these teeth more prone to the accumulation
of bacterial plaque, tooth decay, periodontal disease, or periapical pathology in endodontically
treated teeth (Zitzmann et al., 2009).

In this context, our research aimed to respond to a challenging issue for dentists
discussing benefits and limits of the fixed prosthetic therapeutic approaches to patients with
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posterior short span edentulousness. Considering survival rates of 3-units FPD, literature data
reported 99% for tooth-supported FPD vs. 98,7% for implant-supported FPD in a study with
follow-up 3,5 years (Pjetursson et al., 2007) and lower survival rates for 11 months higher
follow-up (91,7% survival rate for tooth-supported FPD vs. 100% survival rate for implant-
supported FPD) (Hanif et al., 2017). Higher mean follow-up (10,27 + 0,496 years for tooth-
supported FPD; 8,656 + 0,718 years for implant-supported FPD) is an important parameter that
contributed to the lower survival rates reported in our study (90,6% for tooth-supported FPD;
93,6% for implant-supported FPD). This result supports data reported by a study that
highlighted the gradually decrease of survival of the teeth- vs. implant-supported FPD (Bart et
al., 2012). Bart et al. (2012) reported survival rates of 90.4% at 10 years and 80.5% at 15 years
for FPD supported either by natural tooth abutments or implants (Bart et al., 2012). Hawthan
et al (2022) reported cumulative survival rates of 90.1% and 77.6% at 5- and 10-years follow-
up, with significantly decreased rates at 67.9% and 52.1% after 15 and 20 years, respectively
(Hawthan et al., 2022). However, the mean survival rates both for tooth- and implant-supported
FPD found in our study are in range with those provided by studies based on 2-4 units FPD
and similar mean follow-up. Tallarico et al. (2018) reported 89,2% survival rate of tooth-
supported FPD and 86.7% survival rate of implant-supported FPD for 10-year follow-up
(Tallarico et al., 2018). In our study, the prosthetic success rates were 63,6% for tooth-
supported FPD and 75% for implant-supported FPD. These results were similar with other data
reported by research group focused on FPDs. One study reported for 3-unit FPD, 91,7%
prosthetic success of tooth-supported FPD and 87,5% prosthetic success of implant-supported
FPD (Hanif et al., 2017). A systematic review also reported, at 10-year follow-up, 89,2%
prosthetic success for tooth-supported FPD and 86,7% prosthetic success for implant-
supported FPD (Tallarico et al., 2018).

Second part of the personal study highlighted several factors that have the potential to
lead to FPD failures considering the limited availability of data regarding variables influencing
tooth- or implant-supported complications (demographic parameters, location, periodontal
history, smoking, bruxism, materials, status of the opposing arch) in patients with short
edentulous span. The results of the present study suggest that the prosthetic success of both
teeth- and implant-supported FPD is not significantly influenced by factors such as gender,
location, smoking or oral hygiene. Literature data also reports that gender does not influence
the prosthetic success of the tooth-supported FPD (Hawthan et al., 2022) and implant-
supported FPD (Tallarico et al., 2018). The mandible location increases the failure rate, but
without statistical significance, when compared to maxillary tooth-supported FPD (Hawthan
et al., 2022). In our study, smoking was not significantly associated with prosthetic failure but
failure rates are higher in smokers when compared to non-smokers both in tooth- and implant-
supported FPD. Smoking changes the periodontal microbiota, affects the immune system,
increases the incidence and progression of periodontitis while the periodontal disease is
associated with higher risk of tooth loss (Leite et al., 2018; Souto et al., 2019). Smoking was
highlighted as the main reason that decreased the survival rate of the tooth-support FPD failure
(Hawthan et al., 2022). Also, smoking significantly decreases the prosthetic success of the
implant-supported FPD for patients with a history of generalized aggressive periodontitis (De
Boever et al., 2009). For patients with tooth-supported FPD, the failure rate was higher when
oral hygiene was poor (OHI-S 3.1-6) when compared with patients with excellent or OHI-S 0-
3. Poor oral hygiene is an associated risk indicator for implant-supported FPD (Takamoli et al.,
2021). In our study, the age group influenced significantly the prosthetic success only in tooth-
supported FPD. Patients more compliant to recall and maintenance sessions have better control
of dental caries and periodontal disease and thus a lower rate of biological complications and
prosthetic failures (Bidra et al., 2016). We also found that patients with a periodontal history
had significantly lower rates of prosthetic success both in tooth- and implant-supported FPD
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when compared with patients without a history of periodontal pathology. A systematic review
also reported poorer survival rate and significantly higher risk of peri-implantitis for patients
with implant-supported FPD (Carra et al., 2022). The incidence of peri-implantitis and peri-
implant marginal bone loss increases significantly in patients with previous tooth loss due to
periodontal disease (Schou et al., 2006; Schou, 2008). However, implant-prosthetic therapy in
periodontitis-susceptible patients is not contraindicated if these patients are compliant with
adequate infection control in individualized maintenance sessions (Carra et al., 2022).
Regarding the group of tooth-supported FPD, in our study, the pillar teeth were both vital and
endodontically treated. Though some studies reported non-vital pillar teeth as a risk factor in
reduced dentition treated with FPD (Patel et al., 2014), a research group reported the absence
of any significant influence of the pillar tooth vitality on the occurrence of tooth-supported
FPD failures (Hawthan et al., 2022).

The differences in criteria systems of success and failure as well as different methods of
evaluation used across various studies limit reliable interpretations of data and direct
comparison between studies reports (Patel et al., 2014; Needleman et al., 2012). Moreover,
some limits specific to the retrospective studies must be mentioned such as: absence of a
standardized operatory procedure for all patients, possible lack of the data collected from
patients’ files, differences in mean follow-up between study groups, the absence of
radiographic comparisons regarding marginal bone loss around pillar teeth and dental implants.

Conclusions

Similar rates of prosthetic success were recorded for tooth-supported FPD and implant-
supported FPD. The prosthetic success of the tooth- and implant-supported FPD was not
significantly influenced by factors such as gender, location, smoking or oral hygiene. Tooth-
supported FPD in age group > 60 years have significantly higher prosthetic success when
compared with age group 40-60 years. The patients with history of periodontal disease have
significantly lower prosthetic success both in tooth- and implant-supported FPD when
compared with patients without periodontal history.

1.3. MANAGEMENT OF SURGICAL AND IMPLANT-PROSTHETIC STAGES BY
USING DIGITAL TOOLS AND TECHNIQUES

State of art

Digital expert systems are implemented successfully in the analysis and planning of
treatments in the surgical and prosthetic stages of the implant-prosthetic therapy . New
technologies are being created at a quick rate in the field of dentistry, which may assist a dentist
in many ways. The benefits include improved visualisation potential, shorter operating time,
more effective patient consultation, and more hopeful treatment outcomes. In implant-
prosthetic therapy, these software applications represent necessary adjuvant tools in optimizing
therapeutic decisions regarding the pro-implant and implant stages as well as in creating a
therapeutic planning algorithm. The combined use of clinical, paraclinical and computerized
examination allows the planning of specific prosthetic interventions at the level of dento-
periodontal and muco- osseous support to correct negative clinical- biological indications, and
to optimize the biomechanics of implant-prosthetic restorations (Forna, 2008).

Various software applications can be used to as data recording and databases and while
expert systems (e.g. Prodent, Neo-Tech, Romania) can calculate biological indices and can
recommend optimal treatment solutions both for pro-implant surgical procedures and
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prosthetic stage. post-implant stage, respectively the recommendation of an optimal prosthetic
solution. These applications are also useful in monitoring changes related to the biological
components of the stomatognathic system in postimplant stage. PRODENT INDICI software
application was used in the Faculty of Dentistry, UMF "Grigore T.Popa", lasi (Romania) in
studies that investigated dental and periodontal indices, the quality of mucous and bone
support, occlusal and intermaxillary relations, in groups of partially edentulous patients
demanding implant-prosthetic rehabilitation (Forna et al, 2017; Forna et al, 2018). Also, a
research group highlighted the use of the tools of digital assessment combined with classic
techniques to allow the dental practitioners more control over the implant treatment plan by
creating ideal, virtual restorations and managing implant positions based on simplified, cost-
effective techniques (Scherer, 2014). The limits of the use of digital systems are related to the
need to develop an adequate planning protocol that includes appropriate acquisition/data
manipulation, appropriate use of software tools for interpretation, and appropriate application
of such systems during implant surgery (Mora et al, 2014).

A number of software applications in the proimplant stage are highlighted, including
recognition of the site of implant surgery (dynamic viewing in all spatial planes), the possibility
of pivoting implants in the mesio-distal, vestibulo-palatine / lingual, corono -apically, the
possibility of choosing implants from the database in relation to the available bone volume
(measured in the planning stage), the possibility of identifying anatomical obstacles, the
possibility of determining peri-implant bone density, the possibility of determining the
volume of bone grafts required in case of deficient bone field, management of implant
relationships with adjacent structures (relationships with anatomical structures, angulation,
inter-implant distance), the designing of the prosthetic project (Davarpanah et al, 2011).

New digital techniques based on CBCT images processing are introduced in the modern
dentistry to optimize the implant-prosthetic planning (pro-implant and implant stage), to
increase the accuracy of the dental implant positioning, and to improve the design of the future
implant-prosthetic restoration. A review outlined the benefits of using CBCT technology for
dental implant applications for increased accuracy of clinical decisions and avoidance of
potential surgical and restorative complications (Ganz, 2011). The digital analysis of CBCT
images has applications especially in endodontics, implantology and orthodontic therapy. In
implant-prosthetic therapy, software application are used for the measurements of height and
width of the alveolar bone, the measurement of osteodensity as well as for the visualization
and evaluation of the distances to the tissues and areas (sinus, mandibular canal) that must be
protected during surgical implant proceduresExpert applications for the assessment of mucosal
and bone support, planning of bone addition procedures and positioning of dental implants laid
the foundations of digital implantology (Implant 3D, Universe; NobleGuide, Nobel Biocare;
Digital Smile Design, DSD; SimPlant, Dental Materialize; Virtual Implant Placement,
BioHorizons; ImplantMaster, iDent; Implant 3D, Media Lab; EasyGuide, Keystone Dental).

The diagnostic and treatment planning stages plays a crucial role in the proper dental
implants positioning in order to obtain aesthetic and functional results satisfactory for
patients demanding implant-prosthetic therapy. Accurate implant positioning is esential in
decreasing the post-implant complications and in ensuring high success rate of treatment.

Multiple factors can influence the actual implant position in conventional surgical
approach (2D radiographs and freehand implant placement). A retrospective study revealed
that the accuracy of freehand implant placement is influenced by factors such as adjacent tooth,
implant quadrant, and location of the implant site, while the number of missing teeth does not
influence amplitude of the angular and linear deviations (Tang et al, 2019). Freehand implant
placement has high level of deviation between the planned and real implant positions in
relation to anatomical conditions and oral surgeon/implantologist experience. 3D linear
deviations between planned and postoperative implant positions were 1.22 + 0.63 mm at the
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entrance point (implant shoulder), 1.91 + 1.17 mm at the apical point, while mean angular
deviation was 7.93 = 5.56° (Tang et al, 2019). Schnutenhaus et al (2021) reported mean values
as follows: angular deviation 8.7 &+ 4.8°, deviation at the implant shoulder 1.62 + 0.87 mm,
apico-coronal deviation 0.95 = 0.61 mm. Considering these data, freehand implant procedures
can lead to prosthetic complications when the implant exit point is not properly located or if
the implants are inserted with a high angular deviation (Schnutenhaus et al, 2021).

In order to minimize errors in implant placement, the implantologists and oral surgeons
must consider various anatomical and prosthetic parameters including alveolar bone and
anatomical restrictions (Diguardio et al, 2023). The use of implant planning software allows
the simulation of the virtual implants by construction of a 3D model of the future implant
surgical guide, which will be used in the implant surgery stage (Diguardio et al, 2023).
Computer-guided implant placement is especially recommended in implant-prosthetic restorations
planned and placed during implant placement, while an accurate implant placement
is difficult to perform with the freehand method (Cattoni et al, 2021).

Virtual planning of future implants position allows immediate prosthetic loading
with the decrease of surgical times, increase of the patients' comfort (Tahmaseb et
al, 2014) and predictable surgical results (Hammerlle et al, 2009). Most of research
of this field of dentistry revealed that computer-aided implant surgery have
high accuracy rates in terms of implant position, and angle, with significant
reduction of intraoperative surgical complications and positioning errors of implants
thus decreasing the failure risk in immediate-load restoration techniques (Gargallo-
Albiol et al, 2019).

The amplitude of linear and angular implant deviations is influenced by multiple factors
such as edentulous space type, type of support (teeth, oral mucosa, alveolarbone), number of
templates, use of fixation pins, location (maxillary/mandible), surgical guide manufacturing
technique, guiding system (static/dinamic), guided implant surgical technique (Sigcho et al,
2019; Van Assche et al, 2012).

Digital protocol of implant placement in partially edentulous patients has good implant
survival rates, similar or better when compared to conventional protocols as well as decreased
pain and discomfort in the immediate postoperative period (Hultin et al, 2012). Arisan et al
(2013) revealed that computer-aided implant placement methods decrease the occurrence of
implant positioning errors frequently associated with the freehand method especially when
mucosa-supported stereolithographic surgical guides are used in suitable patients. When
freehand implant placement was used, the risk of insufficient interimplant distance increases
1,42 times, improper parallelism increases 1,24 times comparing to computer-aided implant
placement; also, significant higher statistical probability of positioning error was determined
for the freehand method, when compared to implants placement with mucosa-supported guides
(Arisan et al, 2013). According to a systematic review, the implant failure rate is almost 3 times
lower (2.25%) in guided implant placement when compared to free-hand implant placement
(6.42%) (Abdelhay et al, 2021). At 1-year follow-up, no significant differences were noted
between groups of computer-guided implant placement and freehand implant placement. The
mean marginal bone loss was 0.04 mm for the digital protocol and 0.01 mm for the
conventional protocol group, while the mean pocket probing depth was 2.81 mm for the
computer-guided group, and 2.50 mm for the conventional implant protocol group
(Vercruyssen et al, 2014). A randomized controlled clinical trial evaluated compared clinical
and radiological outcomes of guided and freehand implant placement after 3 years of follow-
up. It was reported the absence of significant statistical differences at three years of loading
between the mean marginal bone loss for the guided surgery group (0.7 £1.3 mm) and the
control group (0.5 £0.6 mm), while the mean pocket probing depth was 3.0 £1.3 mm for the
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computer-guided group and 2.6 £1.0 mm for the conventional group, with absence of
significant differences (Bernard et al, 2019).

One research groups highlighted the absence of statistically significant differences
between freehand implant placement and digital protocol for implant survival and implant
success/failure rate with the exception of higher postoperative surgical pain and swelling at
conventionally treated patients (Tallarico et al, 2018). Five years after loading, the mean
marginal bone loss was 0.4 mm less in the computer-guided group than in the freehand group;
patients self-reported statistically signficant higher post-surgical pain and swelling in patients
in the freehand group. However, number of sessions and number of days from patient's
recruitment to delivery of the definitive prosthesis, and the surgical and prosthetic complication
rates, were not statistically significant different between freehand and computer-guided implant
placement groups (Tallarico et al, 2018). A systematic review of literature revealed the absence
of significant statistical differences between computer-guided implant surgery and freehand
implant surgery related to the marginal bone loss (mean difference -0.11mm), mechanical
complications, biological complications, and implant survival rate (Yogui et al, 2021). A
comparison between computer-aided implant placement group and conventional implant stage
(2D radiographs and freehand placement) reported the absence of significant differences
related to quality-of-life parameters during and after surgery between groups, but statistical
tests of patient-related outcome measures evaluated by questionnaires highlighted a patients'
preference for digital protocols (Sancho-Puchades et al, 2019). The computer-aided implant
placement is more accurate than the laboratory guide with respect to angular error and has
significantly higher accuracy both in angular deviation and lateral deviation when compared to
freehand implant placement (Chen et al, 2018).

3D Navigation Systems (i.e., Robodent, GmBh, Germany) are systems that use
augmented reality. They assist dental surgeons and implantology specialists by providing
images of operative sites that is then modified from a data source (Wang etal, 2017).
Augmented Reality is used to assist the future positioning of the dental implants as to reduce
the risk of failure, the time of execution and the costs. Dental implant placement guided by
augmented reality method had better accuracy and lower working time, than the traditional 2D
image navigation method. (Jiang et al, 2018). Augmented reality can also be used in
orthognathic surgery allowing partial visual immersion employing a head-mounted display
(Ayoub et al, 2019). 3D Navigation Systems has many applications both in planning and
execution stages. Apart from planning stage, 3D navigation systems are especially useful in the
navigation and the insertion of the implants, allowing the preview and order of the surgical
guide as well as high accuracy during implant procedures, by interface guidance of the dental
professionals. The advantages of the 3D navigation systems in implant stage are as follows:

- real-time visualization of the depth and angle of the burr;

- fully automatic recording of the patient and of the procedures applied,;
- one software for planning and navigation;

- extensive collection of generic implants and implants;

- measurement and analysis of bone density.

Digital impression based on intraoral scanners is used in the modern dentistry due to
benefits as follows: accuracy, lower working time, reliability with clinical workflows, higher
acceptance from patients. Restorations manufactured with currently digital impression systems
and intraoral scanners have clinically acceptable ranges of marginal gap in direct and indirect
procedures (Takeuchi et al, 2018). A research proved higher accuracy and decreased working
time for digital impression regarding the marginal and internal fit of CAD/CAM fabricated
zirconia crowns and three-unit fixed dental prostheses, when compared with conventional
procedure (Ahrberg et al, 2016).
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The use of computers in the design and fabrication of dental prosthesis and instruments
is now widespread. The fast growth of dental CAD/CAM technology may be traced back to
the improvement of dental materials and the evolution of computer science. Chairside and
laboratory CAD/CAM technologies have come a long way in the last couple of decades. In
CAD/CAM systems, computers are utilized for data collection, product design, and
manufacturing. These methods have been in use for quite some time in manufacturing, but it
wasn't until the 1980s that they became practical for use in dentistry (Beldiman et al., 2022).
The three parts of a CAD/CAM system are as follows:

- Ascanner or other device used in digitization that converts physical item geometry into
digital data for use in computerized processing.

- Information-handling applications.

- A method of making anything from a digital data collection (Spitznagel et al., 2018).

These days, a lot of porcelain, composite resin, and metal blocks are used using
CAD/CAM technologies to make fixed prosthetic restorations. To avoid degradations like
residual strain caused by the effects of processing and to provide reproducible processing,
CAD/CAM technology is used to not only mill restorations into the desired shape but also to
ensure the dental devices are of the highest quality possible by designing optimal shapes based
on the material's characteristics. Unlike traditional powder build-up and baked porcelain goods,
which typically include internal defects, milled items from a prefabricated ceramic block, the
quality of which has been checked previously by the maker, have essentially no internal faults
(Spitznagel et al., 2018).

Data collected during processing can be kept and monitored for as long as the device is
in use. These qualities have not been accessible with the typical manufacturing techniques that
are now in use, even though evidence is needed to estimate the prognosis of restorations over
the functioning time. Because dental restorative and prosthetic devices made using CAD/CAM
technology will need to work as an integral part of the body for longer as a result of the aging
of the population, quality control will become increasingly important in the years to come.

Treatment of maxillofacial anomalies and procedures make substantial use of
CAD/CAM methods and rapid prototyping (Bibb et al., 2006). 3D printing (Han et al., 2010)
and digitally gathering 3D data from a patient's cast, establishing the insertion path, and
defining the form of the framework's components are also employed in the design and
production of removable partial denture metal frameworks. Model information is saved as
stereolithography files and then used to make quick prototypes. Selective laser melting is then
used to create the metal framework for the removable partial dentures (Al Mortadi et al., 2012).
Metal-free dental materials have become more widely used thanks to the development of
intraoral scanners (I0Ss) and other advanced fabrication processes like CAD/CAM
technologies and 3D printing, which have made it possible to replace traditional metal
frameworks with more biomimetic and aesthetically pleasing alternatives (Alghazzawi, 2016;
Colombo et al., 2017). Additionally, dentists have been able to reinterpret the operational
technique to be less invasive thanks to the exceptional mechanical qualities of these new-
generation materials. The Digital Smile Design favors the planning of prosthetic therapy and
the design of the future prosthetic work in accordance with the aesthetic principles and the
requirements of the patients, based on a motivational mock-up.

Literature data demonstrate the increase in the long-term success rate in digital-assisted
implant-prosthetic therapy and justify the widespread expansion of the use of digital
applications in current contemporary dental practice. Apart from major advantages (reliable
decisions, accurate diagnostic and execution, procedures standardization), the dental
professionals that intent to use these systems in their practice must consider some
disadvantages and limits: the necessity of proper training period; complex systems and
mechanisms; higher acquisition and maintenance costs. As the dental professionals are yet
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reluctant to implement on large scale Al based digital systems in dentistry, it should be
considered systems that combine both Al and human elements for easy processing of data
collection and categorization becomes easy as well as for preservation of the human aspects of
dental care (Tandon et al, 2020).

Research groups that investigate the benefits and limits of the computer planning in the
implant-prosthetic therapy have objectives as follows:

- Introduction of an investigation algorithm, with real optimal relevance, in approaching
a therapy as complex and correct as possible;

- Detection of the changes that occur during the application of implants and establishing
parameters that can influence the choice of implant technique and the evolution of
mucosal and bone support;

- The possibilities to use specific software, as a method for predicting and evaluating the
evolution of the elements in the oral cavity;

- The choice of the therapeutic variants according to the results obtained from
computerized planning;

- Permanent evaluation of the quality of the therapeutic act with the help of
computerized quantification.

The conclusions drawn from literature data are as follows:

- Expert systems and 3D navigation systems can be used to optimize the alveolar bone
rehabilitation, the implants positioning (associated to CAD-CAM manufacturing of the
surgical guide), the periodontal procedures related to esthetic outcome, the design of
the future prosthetic structure as well as the biomechanical factors.

- The combination of classic procedures and digital techniques increases significantly the
long-term success of the implant-prosthetic therapy.

- Three-dimensional visualizations associated with a suitable computer application can
perform a very accurate simulation of the application of the dental implants. Pre- and
pro-prosthetic computer planning also plays an important role in reducing the risk of
accidents and complications.

- The challenge for dental professionals is to learn the digital technologies and to
integrate them into the current daily practice.
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1.3.1. CBCT study regarding the gain of alveolar bone following guided bone
regeneration with various grafting materials

The aim of study was to assess, in CBCT-based software application, the bone volum
gain in guided bone regeneration techniques using various grafting materials.

Materials and method

In the study were included 68 edentulous patients candidates to dental implant (age
30-65; mean age 48,2); the patients were planned for pro-implant procedures by alveolar
augmentation and guided tissues regeneration techniques with delayed implantation (6-8
months). The surgical procedures were performed by three oral surgeons with similar training
and experience. The patients were selected from Clinical Base of Dental Education, Faculty
of Dental Medicine, UM.F. "Gr.T.Popa” lasi and in private dental practice. The
informed consent was obtained.

In relation with the selected addition bone materials, the patients were randomly
divided in three study groups:

Study group 1 (23 patients):

- Xenograft OsteoBiol (Tecnoss) OsteoBiol properties: prehidrated cortical bone (90%)
enriched with collagen (10%).
Study group 2 (21 patients):
- Xenograft SmartBone (IBI)
SmartBone properties: xenograft;
- bovine bone associated  with biodegradable polymers (increase resistance to
externalagents and prevent early resorption).

Study group 3 (24 patients):

- Xenograft Hypro-Oss (Biolmplon) associated with PRGF (Endoret) (http://bti-
biotechnologyinstitute.com/us/regenerative-medicine/endoret/).

The measurements of the alveolar bone parameters were performed using CBCT, both
preoperatory and at 3-4 months postoperatory, with multiple plans images capturing and lower
radiations dose than classic CT.

Software OnDemand3D was used to reconstruct DICOM data in tridimensional image of
maxillary and mandibula, image that can be tridimensionally analysed, following the
divisation in 0,5mm sections.

Based on 3D images, a software analysis can study accurately the maxillary and
mandibular bone (volume bone, density bone, pathological areas).

Also the virtual planning of the implant treatment can be performed, the bone density
around future implants or around areas with planned alveolar augmentation

The patients were investigated with CBCT (Promax 3D Mid, Planmeca Oy, Finlanda).
The stages (bone parameters measuring) are as follows:

- reorientation of images accordingly to reference treated tissues areas;

- selection of bone parameters;

- CT parameters setting (Imm sections);

- - bidimensional osteodensitometry 2D for the selected section (Hounsfield units- HU).

Results

CBCT aspects of mucosal and bone support as well as the values of the bone
parameters (osteodensity, height, width) are presented in figures 3.a-c.
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Pre- operatory, the height mean values were 5,24mm for OsteoBiol group, 5,42mm
for SmartBone group, and 5,15mm for Hypro- Oss/PRGF group.Post-operatory, the height
mean values were 13,79mm for OsteoBiol group, 15,25mm for SmartBone group, and
16,43mm for Hypro-Oss/PRGF group.Pre-operatory, the width mean values were 5,73mm
for OsteoBiol group, 6,83mm for SmartBone group, 6,35mm for Hypro-Oss/PRGF group.
Post-operatory, the mean values of bone width were 7,69mm for OsteoBiol group, 8,66mm
for SmartBone group, 8,66mm for Hypro- Oss/PRGF group. Pre-operatory, the mean values
of osteodensity were 342,5 HU for OsteoBiol  group, 442,06 HU  for SmartBone
group, and 423,34 HU for Hypro-Oss/PRGF group. Post-operatory, the mean values of
osteodensity were 522,5 HU for OsteoBiol group, 666,56 HU for SmartBone group, and
574,73 HU for Hypro-Oss/PRGF group.The mean values of bone gain (height) were
8,55mm for OsteoBiol group, 9,83mm for SmartBone group, and 11,28mm for Hypro-
Oss/PRGF group. The mean values of bone gain (horizontal plan) were 7,69mm for
OsteoBiol group, 8,66mm for SmartBone group, and 8,65mm for Hypro-Oss/PRGF group.
The mean values of osteodensity gain were 180 HU for OsteoBiol group,197,5 HU for
SmartBone group, and 151,39 HU for Hypro-Oss/PRGF group.

Fig. 3.a. Patient PH, age 38. Post-adition aspect 2.4.
(alveolar augmentation using xenograft Hypro-Oss and PRGF)

Figures 3.b-c. Post-adition parameters situs 2.4. (height, width, osteodensity)
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Discussions

The personal study is relevant for the research field considering the low number of studies
(9%) focused on the analysis of bone volum gain using CBCT images, in the pro-implant
guided tissues regeneration techniques (Glavina et al, 2017).

The tissues graft materials used in the personal research are from xenografts category
and are recommended by producers as safe, effective and biocompatible in the mucosal and
bone rehabilitation procedures. OsteoBiol (Tecnoss) has a novel microporous structure that
facilitates the formation of new bone, accelerates the bone regeneration processes but also
is a material with progressive resorption. Due to its osteoconductivity the material preserves
the bone shape and volume. Due to collagen content the material favourise the formation of
clot and the invasion of the bone defect area with mesenchymal cells implied in the
regeneration processes. Xenograft SmartBone (IBI) is a xenograft with additional polymers
that ensure cells attachments hydrophilic properties. The materials has high strenght and a
favourable microporous structure that ensure osseointegration and cells viability. Xenograft
Hypro-Oss (Biolmplon) is an innovative material produced by lyophilisation that allows the
extension of the macro/microporous surface of the bone particles, high biocompatibility and
aphinity for the new bone.Our data regarding bone parameters (height, density) sustain the
literature data published by authors focused on guided tissues regeneration techniques in the
pro- implant stage (Sagheb et al, 2017; Sarbu et al, 2016; Pieri et al, 2008; Aghaloo & Moy,
2007). Troeltzsch et al (2016) obtained for addition by xenografts a mean value of bone
width gain 4.5 + 1.0 mm, and vertical bone gain 3.7 £ 1.4 mm. Regarding the association of
xenografts and PRF, Sagheb et al. (2017) determined a mean width bone gain of 5,5+/-1,9mm,
and vertical bone gain of 6,5 +/-1,7 mm (15). Also, Torres et al. (2010), using xenografts
associated with PRF, found mean width bone gain of 3,3 +/- 0,2 mm, and mean vertical bone
augmentation of 3,9 +/-0,2 mm. The literature data demonstrate that xenograft materials
change the osteodensity in the target area from 200HU to 1000 HU.The comparisons of the
mean values of the vertical bone gain between the study groups, showed that bone
reconstruction with xenograft associated with PRGF is an effective technique and demonstrates
the biological properties of plasma rich in growth factors (Torres et al, 2010; Miyamoto et al,
2012; Li et al, 2013; Kawase et al, 2015).

Conclusions

- CBCT-based software application can determine horisontal and vertical alveolar bone
gain as well as the increase of osteodensity following guided bone regeneration techniques.

- The highest mean values for parameter bone height (11,28 mm), in the
alveolar augmentation procedures, were recorded in the study group that combined xenograft
Hypro-Oss and PRGF, followed by xenograft SmartBone group (9,83 mm), and allogenuous
material OsteoBiol (8,55 mm).

- The highest mean values for parameter bone width (2,00 mm), in the
alveolar augmentation procedures, were recorded in the study group that combined xenograft
Hypro-Oss and PRGF, followed by allogenuous material OsteoBiol group (1,96 mm), and
xenograft OsteoBiol (1,83 mm).

- The changes of osteodensity, in the alveolar augmentation procedures, were highest in
the xenograft SmartBone group (197,5HU) and allogenuous material OsteoBiol group
(180HU), and the lowest osteodensity chages were recorded Hypro-Oss & PRGF test group
(151,39HU).

67



1.3.2. Accuracy of computer-aided implant surgery

Aim of study was to assess the linear and angular discrepancies between planned and
surgically placed implants using a dental-support 3D printed surgical guide.

Materials and method

The study was approved by University of Medicine and Pharmacy Grigore T.Popa lasi
(Romania) (289/10.04.2023). 13 partially patients with edentulousness in the posterior
maxillary and/or mandibular areas were included in study. 20 implants were inserted. All
patients were informed about study goals and signed informed consent.

Inclusion and exclusion criteria for patients in study group are exposed further. Inclusion
criteria: age over 18 years, edentulous posterior maxillary/mandibular areas for more than 3
months, upper opening of the mouth wider than 50 mm, sufficient alveolar bone of implant
sites, good general health. Exclusion criteria: Physical or psychological (disorders cardiac
disease, chemotherapy, radiotherapy, bisphosphonate therapy, pregnancy, asthmatic
problems, decompensated diabetes), heavy smoking (over 10 cigarettes/day). The stages of
treatment protocol for computer-guided implant surgery are exposed further:

- Pre-operative Cone-beam computed tomography (CBCT) (Galileos Comfort Plus,
Dentsply Sirona);

- Patient' muco-osseous support intraoral scanning (Prime Scan, Dentsply Sirona);

- The 3D STL files (intraoral scanning) were imported into virtual planning
software to match the CBCT Dicom data;

- Implants positioning virtual planning (Galileos Implant, Dentsply Sirona);

- Design of the surgical guide with dental support (Blue Sky, Blue Sky Bio);

- Fabrication of surgical guides on biocompatible resin with a 3D printer (AZIGA Printer);

- Surgical-guided insertion of Noble implants (10-13mm/3,5-4,5mm) with 35-55
N/m torque and immediately loading with a provisional prosthesis;

- Postoperative CBCT.

Analysis of discrepancies between virtual planned implants and real implants was
performed by OnDemand software. The differences in distance of the shoulder points (linear
deviation at shoulder), apical point (linear deviation at apex) and between insertion angles
(angular error) were measured (virtual implants vs. real implants) (figures 4.a-b). The analysis
consisted of measurement of the linear deviations in horisontal plane (mesiodistal,
buccolingual) and vertical plane (apicocoronal) at shoulder and apex as well as angular
deviation. Superpositions of the virtual planned implant with real implant (post-operative
CBCT) are exposed in figure 5.

The definitions of the analyzed parameters are given in Table XXIX. The terms "virtual
implant™ was usd for planned position of implant in pre-implant stage, wjile the term "inserted
implant” was used for post-surgical implant positioning.

Table XXIX. Parameters for analyzing implant placement accuracy
in computer-assisted implant surgery

Parameter | Linear deviation at entry Linear deviation at Angular error
point (mm) apex (mm) ®)
(Wang et al, 2022) (Wang etal, 2022) (Wang et al, 2022)
Definition | "3D distance between "3D distance between | "3D angle between the

the apical center of the | the apical center of the | longitudinal axes of the
corresponding planned | corresponding planned | planned and placed implants
and placed implants" and placed implants™ | hide full caption”
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Fig.5. Superimposed CBCT images of virtual implant and inserted implant for measurement
of linear and angular deviations.
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Statistical Analysis

Statistical analysis was performed using the SPSS version 29.0 software package (SPSS
Inc., Chicago, IL, USA). Categorical variables were presented as frequencies and percentages,
and continuous variables as mean, standard deviation, minimal and maximal values.

Results
The mean, minimum, and maximum values of linear and angular deviations (between
virtual implant and inserted implant) are exposed in Table XXX.

Table XXX. Linear and angular deviations between virtual implants and inserted implants

PARAMETER DEVIATION MEAN SD MIN MAX
Angular deviation
Angle © 4,710 2,8501 0,60 9,80
Implant shoulder
Mesiodistal
(mm) 0,623 0,2426 0,07 0,95
Buccolingual (mm) 0,663 0,2290 0,11 0,95
Apicocoronal (mm) 0,054 0,1155 -0,16 0,20
Implant apex
Mesiodistal
(mm) 0,436 0,4347 0,01 1,45
Buccolingual
(mm) 0,663 0,3510 0,35 1,54
Apicocoronal
(mm) -0,029 0,2820 -0,57 0,33

The measured linear deviations for implant shoulder were an average of 0.623 mm
(mesiodistal), 0.663 mm (buccolingual) and 0.054 mm (apicocoronal), with minimun values of
0,07 mm (mesiodistal), 0,11 mm (buccolingual), and -0,16 mm (apicocoronal) and maximum
values of 0,95 mm (mesiodistal), 0,95 mm (buccolingual), and -0,20 mm (apicocoronal).

The measured linear deviations for implant apex were an average of 0.436 mm
(mesiodistal), 0.663 mm (buccolingual) and -0,029 mm (apicocoronal), with minimun values
of 0,01 mm (mesiodistal), 0,35 mm (buccolingual), and -0,57 mm (apicocoronal) and
maximum values of 1,45 mm (mesiodistal), 1,54 mm (buccolingual), and 0,33 mm
(apicocoronal)

The measured angular deviations for implant shoulder were an average of 4.71°, with
minimun values of 0,60°, and maximum values of 9,80°.

Discussions

This study was performed in the context of the increasing interests of the dental
practitioners and patients for the digital techniques in dentistry as well as increased
predictability of the the surgical implant procedures to ensure long-term outcomes
of the implant-prosthetic treatments. Since its introduction, computer-guided implant
surgery was considered as a promising tool allowing to pre-view optimal implant
insertion method, and planning the optimal implant dimensional parameters to perform an
immediate-load provisional restoration, with lowest rates of post-operative
complications (Tahmaseb et al, 2011). However, this technique has some limits such as
potential damage to the alveolar bone and the inability to visualize the surgical anatomical
landmarks potentially leading to errors risks especially in implant sites located on
atrophic maxillary bone (Vinci et al, 2020).
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Our study confirmed a risk of linear and angular deviations between the virtual plan
and the actual implant position when surgical mucosa-supported templates are used, however
with values in range of those reported by scientific literature. The mean values and SD of
angular deviations and linear deviations at implant shoulder level and implant apex level, found
in our study, are clinically acceptable allowing the avoidance of the root surfaces of the adjacent
teeth and anatomical structures during the surgical implant procedures. To minimize research
errors some factors and preventive measures were considered. The same experienced oral
surgeon placed implants in all patients included in study group avoiding bias due to variations
related to operator experience (Cushen & Turkyilmaz, 2013). The mouth opening over 50 mm
was an inclusion factor to ensure correct angle of insertion of the implant drills. Surgical
template was positioned with pins to increase its stability and to avoid any small deviations
that may cause surgical errors and iatrogenic anatomical lesions. Finally, it were
selected implant sites with adequate bone volume as atrophic bone areas can lead to
micromovements of the surgical mucosa-supported template due to the resilience of
the oral mucosa (D'haese et al, 2009).

Various research groups are interested to prospect angular and linear deviations between
virtual implants and postsurgical implant positioning as these deviations are to be expected.
The interest is explained by the correlation between angular and linear deviations and its roles
in the protection of teeth adjacent to implant and important anatomical structures (Ma et al,
2018; Choi & Jeong, 2015). In the implant stage, an angular deviation of only 1° lead to 0.34
mm length deviation in the 10-mm fixture apical area, while an angular deviation of 5° makes
1.7 mm length deviation. ldeally, angular error must not overpass 3° to ensure the
protection of the root surface of the adjacent tooth during surgical procedures, and less than 3°
if the mandibular alveolar nerf is close to implant apex. Angular error of 5° will lead to damage
for radicular tooth surface when the space between implant apex and tooth root was set to 1.5
mm (Choi & Jeong, 2015). An angular deviation less than 5° between the hex of fixture and
hexagonal freedom of abutment is also requested to avoid loosening of implant and to ensure
passive fit (Al Quran et al, 2012). When angular deviations overpass the recommended
values, prosthodont clinician must take an impression after the implant placement, or use non-
hexagonal implant fixture (Misch, 2014). A review of six in vivo studies reported apical
deviations in range of 0.95-4.5 mm between virtual implants and actual postsurgical implants
positions (D'haese et al, 2012a). Tahmaseb et al (2018) reviewed twenty clinical research on
the accuracy of static computer-assisted implant (s-CAIS) surgery . The meta-analysis
concluded a mean error of 1.2 mm (range between 1.04 mm-1.44 mm) at the entry point, 1.4
mm (range between 1.28 mm-1.58 mm) at the apical point and angular deviation of 3.5°(range
between 3.0°-3.96°). Considering these accuracy values, the research group recommended a
safety marge of minimum 2 mm. A review of eighteen retrospective and prospective studies
reported for fully guided surgery statistically higher accuracy in angular, coronal, and apical
deviation compared with pilot-drill guided surgery. Also, significantly lower angular deviation
was found in implants placed using surgical guides designed and manufactured by CAD/CAM
technique compared to the conventional surgical guides (Putra et al, 2022). A meta-analysis of
Siqueira et al (2020) reported for fully-guided s-CAIS surgery mean angular deviation of 2.68°
(range between 2.32°-3.03°), mean coronal deviation of 1.03 mm (range between 0.88-1.18
mm), apical deviation of 1.33 mm (range between 1.17-1.50 mm). Ma et al (2018) reported
following mean values for CBCT analyses when virtual implants and real implants positions
were compared: angle deviation: 4.74 + 2.06°, coronal deviation: 1.37 = 0.80 mm, and apical
deviation: 1.77 + 0.86 mm. A prospective study regarding the accuracy of mucosally
supported surgical guides reported a mean angle deviation of 2.60° (range of 0.16-8.86°) at the
entrance point. The range of values of the deviation at the entrance point were between 0.29
mm and 2.45 mm (mean 0.91 mm) while the mean value of the deviation at the apical point
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was 1.13 mm (range of 0.32 mm-3.01 mm) (D’haese et al, 2012b). Ersoy et al (2008) compared
the virtual implants with real placed implants showed mean angular deviation of 4.9%, mean
linear deviation of 1.22 mm at the implant neck and 1.51 mm at the implant apex. The angular
deviation and linear deviation at the neck and apex of the placed implants were higher in
maxillary areas (mean 5.31° 1.04 mm, and 1.57 mm, respectively) when compared to
mandibulary locations (mean 4.44°, 1.42 mm, and 1.44 mm, respectively).

In our study, linear and angular deviations are in range of literature data, despite the
absence of a reference marker during CBCT exam. In a similar study that did not use
reference marker during CBCT exam, Ma et al (2018) also reported higher angular deviations
during overlapping pre-implant and post-implant CBCT. (Ma et al, 2018).The research in this
field can provide for quantification of the potential impairment of treatment safety and
reliability of the computer-guided implant surgical stage (Vasak et al, 2011). Literature data in
this field give a perspective also on surgical and prosthodontical complications to provides
awareness and reasons to implement this surgical technique in dental practice (D'haese et al,
2012a). A review concluded that deviations in 3D directions between virtual implants and real
implant position as well as postsurgical complications request that clinicians must clearly
understand the indications and benefits of this therapeutic approach to find the right candidates
to computer-guided implant surgery (D'haese et al, 2012a; Van Assche et al, 2012).

Conclusions

Flapless digitally-assisted surgery with dental-supported surgical guides is a predictable
procedure for implant surgical stage. Mean clinically acceptable liniar and angular deviation
values between virtual implants and inserted implants were recorded. The maximum
values of angle deviations highlight the need for flap surgery in areas with severe alveolar
bone resorptions to prevent the errors in implant positioning.

1.3.3. Dental practice management software in the assessment of treatment needs
of edentulous patients candidate to implant-prosthetic therapy

Aim of study was to individualize the way in which dental practice management software
can contribute to increasing therapeutic efficiency in each clinical case, providing a synthesis
of precise patient data and performed procedures at any given moment.

Materials and method

A statistical study was conducted based on selected data from the digital application
Software FornaClinic, quantifying patient-related information, treatment types, quantification
of clinical entities addressed, as well as aspects of general assessment.

The data were selected from the electronic records of registered patients and from
subsections that provide conclusive data about each evaluated parameter.

The digital application is structured based on patient data, treatment types, treatment
plans, preventive procedures, types of prosthetic restorations, imaging area, as well as other
categories that complement a successful therapeutic management.
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Statistical processing was performed in SPSS 27.0.

Descriptive study: For qualitative data (whose values represent codes), frequency
distributions were generated for the entire sample and compared across stratification variables
using contingency tables. The determined values were graphically represented through
histograms (in various forms), and for qualitative variables, Pie Charts were also used. For
numerical data, standard descriptive statistics parameters were calculated (mean, standard error
of the mean, standard deviation, variance, minimum and maximum values).

Analytical study: We used significance tests with a significance level of p = 0.05 for
comparative analysis of the paired variables under investigation, both at the overall sample
level and separately for subgroups. For comparing paired variables, we used the t-Student test
under the assumption that the values follow a normal distribution (which was pretested using
a goodness-of-fit test, such as the Kolmogorov-Smirnov test). If the values did not follow a
normal distribution, we used the Wilcoxon test for paired samples for the same purpose.To test
the differences between values of a qualitative variable across different groups, we used the
Chi-square test.

Results

The analyzed patient sample has a relatively balanced gender distribution, with a slight
prevalence of females (51.7% compared to 48.3%). There is a significant increase in the
number of patients whose data has been stored in the digital application of the dental office
from the year 2000 to 2023. Regarding the origin of the patients, we observe a distribution not
only in the counties of Moldova but also in other areas of the country. The majority of patients,
97%, originate from Romania, while a percentage of 2.2% come from other countries such as
England, Australia, Canada, France, Israel, Italy, Morocco, and the Republic of Moldova. The
origin of patients is important because the patient's health behavior is somewhat influenced by
the healthcare system of their respective country, which reflects in their approach to preventive
oral health practices. Regarding the affiliation of patients who have visited the clinic in the last
five years, two categories stand out: patients with a regular regime, accounting for 82.6%, and
patients with a special regime, accounting for 17.4%. The special regime category includes
patients from the implantology certification program, where advanced procedures such as sinus
lift and implants are performed. This category also includes patients who participate on a
voluntary basis, contributing to both their own treatment and the educational aspects of the
clinic. Regarding the types of treatments conducted in the last five years, there is a prevalence
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of advanced procedures such as dental implant placement. Within this category, the application
of Biotec implants had the highest prevalence in 2020, followed by 2022, with significant
values also observed in 2019 and 2021. The values for the current year are relatively lower,
considering that the year is still ongoing.

From the category of procedures related to implant-prosthetic rehabilitation, the
application of bone augmentation using various regenerative materials stands out. The highest
number of procedures was recorded in 2021, followed by 2022, with similar values also
observed in 2019. The same type of procedure is present in the current year but in a smaller
proportion, as the year is still ongoing.

Procedures related to dental alveolar surgery, such as cystectomy, numbered 15 in 2022,
according to the alveolar surgery registry. Regularization of the alveolar ridge was performed
in 23 procedures in 2021. Extractions of single-rooted teeth were prevalent in 2022.

In terms of implant-prosthetic procedures, the application of Alfa Bio implants is notable,
with a quantifiable percentage for 2023. A significant number of implants of this type prevailed
in 2022 and 2019. Different types of impressions were used, with a prevalence of automatic
mixing impressions.

"Reports™ section presents a varied range of reports, also oriented mainly towards the
economic efficiency of the clinic (Receipts, Daily receipts, Forecast of receipts, Payment of
doctors, Patient invoices), but also towards the actual medical activity carried out in the clinic
( Analysis of treatment plans, Patient treatments, Patient works) and for the administration of
the activity (Patient appointments, Patient notes report, Patient task notes report, Treatment
recall report, Medical analysis report, Tablet orders).

In order to generate a report on the treatments performed in the clinic, the following
specifications can be provided: the patients for whom the report is desired, the doctor for whom
the reporting is intended, the specific treatments to be tracked, and the reporting period. The
treatments can be categorized and identified using specific color codes for simplicity. The
categories include:

- Consultation - Periodontology

- General Dentistry / Prophylaxis - Esthetics

- Cariology - Fixed Prosthodontics - Tooth

- Endodontics - Removable Dentures

- Surgery - Fixed Prosthodontics - Implant

- Implantology - Prosthodontics

- Laser Therapy - Orthodontics and Dentofacial Orthopedics

Regarding the clinical entities addressed in the clinic, there is a prevalence of
implantology procedures, accounting for 19.3% of the total treatments. Fixed prosthodontics
on implants follows with a percentage of 10.6%, and prosthetics on natural teeth with a
percentage of 7.1%. It is important to mention the presence of laser therapy procedures, which
offer advanced therapies that provide precision and comfort for the patients.

Regarding implantology procedures, there is a prevalence of Biotec dental implants,
known for their high degree of biocompatibility, followed by Nova dental implants. Noris
implants are also used in a significant proportion, along with a considerable number of Alpha
Bio dental implants. Pre-implantation procedures such as sinus lift were performed with a
significant number of cases, often combined with bone regeneration materials and collagen
membranes. In terms of surgical procedures, a significant number of root extractions were
performed, followed by decapitations, cystectomies, bone grafting procedures, and the use of
Jason membranes. Odontectomies of wisdom teeth and impacted canines were also performed
in quantifiable proportions.
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Fig.10.a-f. Distribution of the therapeutic procedures carried out in the Clinic in the last 5 years

In terms of prosthetic field preparation, bone exostosis modeling, alveolar ridge
regularization, and vestibuloplasties were performed in a significant number of
cases.Regarding fixed prosthodontics procedures, there is a significant number of impressions
taken using Impregum, a high-precision material, with the auto-mixing technique using the
Pentamix equipment. Additionally, there is a notable number of cementations using various
types of cements. In terms of removable dentures, there is a prevalence of partial acrylic
dentures, followed by complete acrylic dentures. Representative cases also include completely
acrylic dentures screw-retained on implants and removable partial dentures with skeletal
frameworks. Regarding fixed prosthodontics, a wide range of procedures are observed,
including provisional prostheses, ceramic crowns on metal frameworks, ceramic crowns on
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zirconia frameworks, and all-ceramic crowns. Additionally, the use of bruxism splints is
notable, as they play a crucial role in managing the negative effects of bruxism on the longevity
of fixed prostheses. A significant number of procedures are involved in fixed prosthodontics
on implants, which correlates with the number of implants placed. There is a notable prevalence
of ceramic crowns on metal frameworks on implants, ceramic crowns on zirconia frameworks
on implants, and all-zirconia crowns on implants. Additionally, quantifiable proportions are
observed for temporary crowns using prefabricated resin materials. Similarly, there is a
significant number of procedures in general dentistry, with a notable prevalence of laser
therapies. Among these, important procedures include laser biostimulation, laser
decontamination, laser excision of epulis, and laser frenectomy. These high-precision
procedures ensure rapid healing and provide patients with a high level of comfort. In the field
of conservative dentistry, there is a prevalence of medium-sized physiognomic restorations in
permanent teeth, followed by deep physiognomic restorations in permanent teeth. Other
notable categories of procedures include restorations reinforced with intracanal posts and
remineralization therapies. Equally noteworthy are the procedures in endodontics and
periodontology, which are essential in any comprehensive oral rehabilitation and esthetic
treatment. Endodontic therapies, performed under the microscope or using rotary techniques,
are prevalent. They are followed by significant procedures in the field of gingivectomies and
open-field periodontal curettage.

Orthodontics | 0,1%
Periodontology [ 0,5%
Esthetics | 0,5%
Laser therapy [ 0,8%
Removable partial dentures [l 2,0%
Teeth-supported fixed dentures [l 3,0%
Endodontics [ 4,9%
Implant-supported fixed dentures | NG 7,1%
Cariology NG 3,3%
Prophylaxis [N 10,2%
Prosthetics | NN 10,6%
Surgery |GG 15,9%
Check-up [INEGEEEEEN 16,4%
Implantology |GG 19,3%
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Fig.11. Categories of treatments for
edentulous patients candidate to implant-prosthetic therapy

Discussions

The development of cutting-edge studies in the complex field of implant-prosthetic
rehabilitation, based on simulation elements and clinical applications, incorporating the
established correlations between specific clinical cases, implant techniques, biomaterials, and
types of prosthesis, can be found in numerous digital applications.

Contemporary dental practice brings to our attention the presence of digital equipment in
a large number of dental offices, which provides enhanced ergonomics and precision in
achieving the current standards in this complex field, particularly in digital imaging. By
utilizing digital applications in dental offices, dentists have the opportunity to make extremely
precise diagnoses while reducing therapeutic procedures through an ergonomic approach.
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The new direction in dentistry requires a revision of biological and biomechanical norms
under the impact of increasingly demanding aesthetic requirements from patients. However,
aesthetic considerations should not be pursued at the expense of long-term oral health or
compromise the functional efficiency of the stomatognathic system.

Conclusions

- Software applications play a crucial role in achieving optimal management both in
therapeutic aspects and at the clinic level where the software application is implemented as a
daily approach.

- The data stored in software applications are extremely useful for both patients and
healthcare professionals, providing a clear overview of the prevalence of procedures and
materials used at any given moment.

- From conducted statistical studies, there is a notable prevalence of implantology and
implant-prosthetic rehabilitation procedures. A significant percentage of procedures fall within
the realm of advanced preparations, such as augmentation with various types of bio-oss and
membranes, as well as the prevalence of lateral sinus lift procedures.

- In terms of prosthodontics procedures, there is a prevalence of ceramic crowns on metal
frameworks, followed by ceramic restorations on zirconia infrastructure. Implant-supported
prostheses are present in a quantifiable proportion.

1.4. CLINICAL AND RADIOLOGIC STUDIES ON POST-TREATMENT
EVOLUTION IN IMPLANT-PROSTHETIC THERAPY

State of art

The implant-prosthetic therapy is widely used in the oral rehabilitation of edentulous
patients (Forna et al., 2011). Success and failure are dynamic conditions linked to time and
require periodic evaluation.The main criteria to evaluate the quality of health of the dental
implant are mobility and pain, the presence of any of them compromises the implant to a great
extent and in many cases its removal is indicated. Implant failure is easier to describe and leads
to the analysis of a series of clinical parameters and indices. The presence of pain, mobility,
progressive uncontrolled bone loss and peri-implant radiolucent image confirm implant failure
in most cases (Corona et al, 2015; Guzman et al, 2015; Tamez et al, 2017; Pérez et al., 2018).

The success of the implant-prosthetic treatment is largely associated with the quality of
implants' osseointegration as well as the accuracy of implant placement and the design of the
future implant-supported bridge. Osseointegration involves complex physiological processes
similar to those related to bone fracture (von Wilmowsky et al., 2014). In the first stage, the
blood clot serves as a matrix for neo-angiogenesis, collagen matrix formation, invasion of
osteoclasts, and bone formation (Terheyden et al., 2012). After implant loading, the mechanical
stimulus is transmitted to the adjacent bone, leading to bone remodeling. In the final stage,
approximately 60-70% of the implant surface becomes covered by bone. The literature
frequently mentions factors that can influence implant osseointegration, such as the quality of
the treatment plan, implant surgical procedures, accuracy of implant placement using surgical
guides, and loading protocol (Calin et al., 2016; Sirbu, 2018; Holban et al., 2016).

Retrospective and prospective research brought substantial evidence showing that
implant-supported fixed partial dentures (FPD) are a reliable treatment option for the
replacement of missing posterior teeth. Numerous research groups reported high rates of
surviving implants, regardless of the functional status of the implant-supported FPD or patient
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satisfaction (Hanif et al, 2017). However, the implants osseointegration and the long- term
success rate of the implant-supported fixed partial dentures may be affected by various
biological, mechanical or technical complications (Hanif et al, 2017; Lee et al,2017; Heydecke
et al, 2012). (Academy of Osseointegration, 2010). Biological complications are negative
events that affect the peri-implant tissues (pain, infection, suppuration, mobility, peri- implant
bone resorption, dysesthesia.); mechanical/technical complications are negative events that
affect the exoprosthesis, either to the prefabricated components (mechanical complications) or
to the covering material (technical complications) (Academy of Osseointegration, 2010). The
relation between biological and mechanical/technical complications is bidirectional (biologic
complications can lead to mechanical/technical complications and vice versa) (Moreno, 2021).
In this context, 8th European Workshop on Periodontology recommended the inclusion of the
biological and mechanical-technical complications rates in the goals of the research focused on
the assessment of the implant-prosthetic success (Tomasi & Derks, 2022; Tonetti et al, 2012).
Inflammation (47%) and overloading (53%) are the main causal factors of the early and late
implants failure (Han et al,2014). Complications are considered minor if they require 60
minutes or less for repair, and major if more time is needed for repair or if the implant-
prosthetic component need to be sent to the dental laboratory (de Boever et al, 2006). Biological
complications are a result of bacterial infections, microbial plaque buildup, and progressive
bone loss (Berglundh et al,2002; Quirynen et al, 2002). Early biological failures are attributed
to the placing of dental implants under improper aseptic measures while late complications
(peri-implantitis) are associated to microbial plaque buildup because of poor oral hygiene
and non-compliance of patients to the periodontal and peri-implant maintenance sessions
(Hanif et al, 2017). While dental practitioners have a lot of data regarding the risk of biological
complications (peri-implantitis) in implant- prosthetic therapy, the number of studies focused
on the mechanical risks (risk of a complication or failure of a prefabricated component due to
mechanical forces) and technical risks (risk of a complication or failure of the laboratory-
fabricated superstructure or its materials) (Silva & Bragger, 2009) are significantly lower.
Mechanical complications are usually a consequence of biomechanical overloading (Hanif et
al, 2017). Risk factors in the onset of the biomechanical overloading include improper implant
position/angulation (cuspal or implant inclination, horizontal or apical offset of implant),
insufficient posterior support as well as inadequate poor volume of alveolar bone or the
presence of excessive forces in patients with bruxism (Haifa et al, 2017). The technical
complications are a relevant issue in implant-prosthetic therapy by implant-supported FPD as
compared to the implant-supported removable prosthesis (Heydecke et al, 2012).

The therapeutic complexity of the clinical cases with partial edentulousness involves the
etiopathogenic individualization of the cases and completion through fixed partial dentures
(FPD) with support on natural teeth or dental implants (Forna, 2011). However, not every
patient is a candidate for dental implants, in the context where severe bone loss associated with
complex medical history are risk factors for the success of implant-prosthetic therapy (Pol et
al, 2022). Fixed partial dentures with teeth support involve the preparation of the adjacent teeth
adjacent, a process that makes these abutment teeth more prone to the accumulation of bacterial
plaque, tooth decay or periodontal disease, or even to the periapical pathology following
endodontic treatment (Pjetursson et al, 2018). Fixed partial dentures with implant support
have advantages of avoiding the involvement of adjacent teeth and preventing alveolar bone
loss. Although multiple risk factors can decrease the probability of teeth survival, the survival
and success rates of dental implants are inferior to the survival rates of healthy natural teeth,
considering the risk of implants biological and technical complications (Pjetursson et al, 2007,
2012; Pol et al, 2018, 2022).The implant material, surface design, and microtopography also
play a role in accelerating the osseointegration process (Val et al., 2017). It is important to
consider these factors as approximately 1-2% of implants show unsatisfactory

79



osseointegration, leading to potential failures (Chrcanovic et al., 2014). Additionally,
secondary failures can occur due to peri-implantitis in approximately 5% of patients treated
with implant-prosthetic restorations (Chrcanovic et al., 2014). To reduce the risk of failures,
the use of dental implants with bioactive surfaces is recommended, especially for high-risk
patients (Gomez-deDiego et al., 2014).

Most dental implants are manufactured from Ti-6Al-4V, an alloy known for its high
fatigue resistance, corrosion resistance, and low density (Olmedo et al., 2009). Implant design
is an important factor influencing primary stability and peri-implant stress distribution (Van de
Velde et al., 2010). Surface treatments can enhance the bioactivity of the implant surface and
promote greater extent of osseointegration. As peri-implant bone resorption and incomplete
osseointegration are the main causes of implant failures, research groups and implantologists
focus on clinical and paraclinical studies that evaluate peri-implant bone changes and the
success/failure rate of implant systems made from various materials with different macro and
micro designs and geometries (Mathieu et al., 2014).

Publications on this topic:

1.Dima Cosmin, Agop-Forna Doriana, Forna Norina. Clinical and paraclinical study regarding
periimplant bone changes and survival rate of three dental implant systems. Romanian Journal of
Medical and Dental Education 2019; Vol. 8, No. 4: 34-41.

2.Dimitrios Bardis, Doriana Agop-Forna, Cristina Dascalu, Ioana Cristea, Norina Forna. Biological
and mechanical-technical complications of posterior metal-ceramic implant-supported fixed partial
dentures: a retrospective study. Rom. J. Oral Rehabil. 2022; 14(3): 18-26.

3.loana Cristea, Doriana Agop-Forna, Cristina Dascalu, Dimitrios Bardis, Claudiu Topoliceanu,
Norina Forna. Survival and prosthetic success of fixed partial dentures supported by either abutment
teeth or implants: a retrospective study. Rom. J. Oral Rehabil 2022; 14(3): 40-47.

1.4.1. Clinical and paraclinical study regarding periimplant bone changes and
survival rate of three dental implant systems

Aim of the study was to assess the periimplant bone changes and the survival rate at 12-
months of functional loading of three dental implants systems.

Materials and Method

The study was performed on 30 mandibular edentulous patients (15 males, 15 females;
aged between 35 and 48 years). The patients were divided in three groups accordingly to the
dental implant system (9-Any Ridge, Megagen; 11- MIS Seven; 10- MIS C1). MIS implant
systems are manufactured from Ti-6AL-4V and AnyRidge (Megagen) is manufactured from
pure Ti. All the investigated implants have bioactive surfaces obtained by sand-blasting and
acid-etching.

Each implant system was placed in 10 mandibular molars sites and 10 mandibular
premolars sites that allowed the use of implants of at least 10 mm length and 4 mm diameter.
It were investigated 60 implants sites (20- Any Ridge, Megagen; 20- MIS Seven; 20- MIS C1).
The occlusal loading was applied at 4-5 months after the implant placement.

The occlusal loading was applied at 4-5 months after the implant placement. CBCT
images were recorded immediately post-implantation and at 12- months follow-up after
functional loading.
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The implants survival rate was established by clinical and paraclinical exams. The peri-
implant vertical resorption and the changes of bone density were measured by using CBCT
images and software application OnDemand.

Results
Figures 12.a-c show the results regarding the vertical periimplant bone resorption for the
three dental implant systems at 12-months follow-up.
Figures 13.a-b show the results regarding the increase of periimplant bone density for the
three dental implant systems at 12-months follow-up.
Figure 14 shows the results regarding the survival rate of the three dental implant
systems at 12-months follow-up.
The increase of the periimplant bone density at 12-months follow-up was as follows:
604 HU for molars sites and 669 HU for premolars sites to the implant system AnyRidge
(Megagen); 616 HU for molars sites and 690 HU for premolars sites to the implant system MIS
C1; 586 HU for molars sites and 663 HU for premolars sites to the implant system MIS Seven.
The vertical periimplant bone resorption at 12-months follow-up was as follows:
o 0.32 mm for molars sites and 0.33 mm for premolars sites to the implant system AnyRidge
(Megagen);
o 0.30 mm for molars sites and 0.32 mm for premolars sites to the implant system MIS C1;
o 0.33mm for molars sites and 0.35mm for premolars sites to the implant system MIS Seven;
systems were 100% at 12-months follow-up.

AnyRidge implant system
vertical pernmplant bone resorption
0.33
0.33 .
0.325 0.32
032 -
0.315

Molars implants Premolar implants

Fig.12.a. Vertical periimplant bone resorption- AnyRidge (Megagen)
(12-months follow-up)

MIS Seven implant system
vertical periimplant bone resorption
0.35
0.35
0.34 0.33
0.32

Molars implants  Premolar implants

Fig.12.b. Vertical periimplant bone resorption- MIS Seven
(12-months follow-up)
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MIS C1 implant system
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Fig.12.c. Vertical periimplant bone resorption- MIS C1
(12-months follow-up)

AnyRidge implant system
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Fig.13.a. Changes of periimplant bone density-
AnyRidge (Megagen) (12-months follow-up)

MIS Seven implant system
increase of periimplant bone density
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Fig.13.b. Changes of periimplant bone density-
MIS Seven(12-months follow-up)
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Fig.13.c. Changes of periimplant bone density-MIS C1
(12-months follow-up)
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Fig.14. Survival rate (12-months follow-up)

Discussions

The results of our study revealed the absence of significant differences regarding the
vertical periimplant bone resorption as well as significant increase of the osteo-density at 12
months follow-up, for all the investigated dental implant systems (De Almeida et al., 2010;
Cali et al., 2018). Regarding the influence of materials, MIS implant systems are manufactured
from Ti-6Al-4V alloy and AnyRidge (Megagen) is manufactured from pure Ti (De Almeida et
al., 2010; Cali et al., 2018).

FEA studies indicate low differences regarding Young modulus and Poisson coefficient
for Ti-6Al-4V and pure Ti, suggesting that all the investigated implant systems have the ability
to resist deformation and increase stress transmitted in the surrounding bone as they act as rigid
bodies (Geng et al., 2004; De Almeida et al., 2010).

In our study, the vertical bone resorption was concentrated at the crestal bone level, which
is in agreement with several finite element analysis studies that demonstrated higher stress
distribution at this level (Geng et al., 2004; Cali et al., 2018).

All three implant systems were submitted to similar procedures to obtain bioactive
surfaces, such as sandblasting and acid etching. Additionally, the surface of the AnyRidge
(Megagen) implant is covered with a nano-layer of calcium ions by Xpeed technology (De
Almeida et al., 2010; Cali et al., 2018).

The success of osseointegration at 12 months follow-up for all the bioactive implant
systems supports the conclusions of previous research that compared dental implants with
modified surfaces to classic implant systems, suggesting that implants with bioactive surfaces
have low bacterial adhesion and promote the recruitment, adhesion, and growth of osteoblasts
and fibroblasts (Smeets et al., 2016).
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From a design point of view, all implant systems have geometry and design features that
favor the decrease of periimplant stress levels and uniform distribution of stress in the
periimplant area. For example, the MIS C1 implant is characterized by a 6-degree conical
connection that ensures a secure fit between the abutment and implant, minimizing micro-
movements and reducing bone loss at the crestal level. It also has a dual thread design that
increases bone-to-implant contact and facilitates osseointegration. The MIS C1 implant's
platform-switched configuration further reduces bone loss compared to non-platform-switched
implants (De Almeida et al., 2010; Cali et al., 2018).

The MIS Seven implant is a tapered implant with microthreads at the cortical region, a
V-shaped thread, flat apex, and micro-rings on the implant neck. These design features aim to
improve bone-to-implant contact at the crestal zone, reduce pressure on the cortical bone, and
minimize resorption at the implant neck (De Almeida et al., 2010; Cali et al., 2018).

The AnyRidge (Megagen) implant is a tapered implant with a plateau thread, dome-
shaped apex, and microthreads with variable diameters, allowing the implant to match the
patients' bone density. The presence of microthreads at the implant crestal region may decrease
cortical stress, reduce bone loss, and promote osteogenesis (De Almeida et al., 2010; Cali et
al., 2018; Shin et al., 2006; Geng et al., 2004).

The success rate of delayed implants placed in healed extraction sites supports the
findings of similar research studies (Antetomaso & Kumar, 2018).

The results regarding vertical peri-implant bone resorption and survival rates are
consistent with literature data (Esposito et al., 2013; Streckbein et al., 2014), or even superior
when compared with other studies focused on different categories of bioactive dental implants
(Mendonca et al., 2008; Ostman et al., 2013). However, the relationship between clinical
success and dental implant materials, design, and surface bioactivity is still a topic that requires
further investigation (Gumeniuc, 2013; Mertens & Steveling, 2011; Fischer & Stenberg, 2012).

Further studies are needed to investigate periimplant bone evolution and survival rates
after 5-10 years of follow-up, as there are many parameters that can vary and periimplant bone
resorption tends to be significantly higher in long-term studies (Gumeniuc, 2013; Mertens &
Steveling, 2011; Fischer & Stenberg, 2012).

Conclusion

The use of the bioactive implants systems Any Ridge (Megagen), MIS Seven and MIS
C1 is associated with low vertical bone resorption, the increase of the peri-implant bone density
and 100% survival rate at 12 months follow-up.

1.4.2. Biological and mechanical-technical complications of posterior metal-ceramic
implant-supported fixed partial dentures: a retrospective study.

Aims of study:
e Assessment of the implants biological complications rates in partially posterior
edentulous patients with implant-supported fixed partial dentures (FPD);
e Assessment of the implants/FPD mechanical-technical complications rates in partially
posterior edentulous patients with implant- supported fixed partial dentures.

Materials and method

The research was designed as a retrospective study with a study group of 67 patients (age
parameters: mean age 63,88 = 11,70 yr, range 40-86 yr ; gender : males-20, females- 47) with
maxillary and mandibular posterior partial edentations treated by 3-5 units implant-
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supported fixed partial dentures (76 FPD; 178 implants) with mean follow-up 7,89 yr (range
3-17 yr) (Table XXXI). Inclusion and exclusion criteria are exposed further. Inclusion criteria:
patients’ age over 18 yr; maxillary and mandibular edentation (class Kennedy I and II);
prosthetic treatment with implant-supported fixed partial dentures; follow-up >3 years from
prosthetic reconstruction. Exclusion criteria: systemic diseases affecting abutment implants
(non- controlled diabetes, osteoporosis, metabolic disorders); non-compliance to periodontal
maintenance sessions. The study was performed accordingly to the requirements of the 1975
Helsinki Declaration revised in 2008 and CONSORT Guidelines. Written informed consent
was obtained from all patients before enrollment.

The data regarding biological complications of implants and technical complications of
implants and implant- supported FPD were collected from patient files and radiographic
examens. The biologic and technical complications rates as well as the implants survival and
success rate were calculated for overall patients as well as in relation to demographic and
individual patients’ parameters. Implant “survival” is defined as implant still in mouth at the
examination session, regardless of the prosthesis status or patient satisfaction. Any implant
requiring additional treatment is considered “surviving” implant (Negm, 2016). Implant
“success” is associated with implants that are functional and satisfactory. Criteria for implant
success are as follows: immobility, absence of peri-implant radiolucency, width of the
attached gingiva >2mm, absence of peri-implant infection (Kartha et al, 2013).

Biological complications refer to adverse soft tissues’ reactions, sensory disturbances,
progressive marginal loss (associated to peri-implantitis) and loss of implant osseointegration
(Hanif et al, 2017).

The definitions of peri-implantitis and peri-implant mucositis were adopted from Lanz
(2015), Heitz-Meyfeld et al (2018) and Renvert et al (2019).

Peri- implantitis was recorded for sites where there was bleeding on probing associated
with peri-implant pocket depth > 5 mm, and radiographically visible peri-implant bone lysis >
2,5 mm.

Peri-implant mucositis was diagnosed by the presence of peri-implant soft tissue
inflammation with bleeding on probing, associated with a peri-implant sulcus depth <5 mm
and no peri-implant bone loss.

The definitions of the mechanical and technical complications were adopted from Hanifa
et al (2017).

The technical complications (FPD) include fracture/chipping of veneering ceramic and
fracture of framework of fixed partial denture.

The mechanical complications (FPD, implants) are considered the loss of screw hole
access material, screw loosening, screw fracture or implant fracture (Haifa et al, 2017).

Table XXXI. Distribution of patients in study group

N
(%)

Overall 67 (100%)
Age group, N(%)

40-60 yr 19 (28,4%)

>60 48 (71,6%)
Smoking status, N(%)

Non-smokers 49 (73,1%)

Smokers 18 (26,9%)
Periodontal history, N(%)

Yes 18 (26,9%)

85



No 49 (73,1%)
Oral hygiene (mPI), N(%)

0 37 (55.2%)

1 24 (35,8%)

2 3 (4,5%)

3 3 (4,5%)
Follow-up (yr), N(%)

3-5yr 32 (47,8%)

6-10 yr 18 (26,9%)

>10 yr 17 (25,4%)
Edentation location, N(%)

Mx 37 (55,2%)

Md 24 (35,8%)

Md + Mx 6 (9,0%)

The results regarding the implants survival and success rate as well as the rates of the
biological and technical complications are exposed in table XXXII and figures 15-17.

Implants survival rates were 96,6% (91% at patient level; 92,1% at FPD level).

Implants failures rates were:

o 4,5% at patient level;
o 7,9% at FPD level;
o 1,7% at implant level.

The rates of biological complications (peri-implantitis) were 13,5% at implant level
(17,9% at patient level; 15,8% at FPD level).

The prevalence of peri-implant mucositis was 21,9% at implant level (17,9% at patient
level; 23,7% at FPD level).

The rates of mechanical/technical complications were:

o 35,8% at patient level,
o 35,5% at FPD level,
o 28,7% at implant level.

The most frequent mechanical/technical complications were loss of screw access hole
material (31,3% at patient level, 31,6% at FPD level), followed by ceramic veneers
fracture/chipping (13,4% at patient level;11,8% at FPD level), screw loosening (13,4% at
patient level; 15,8% at FPD level; 8,4% at implant level), screw fracture (4,5% at patient
level; 3,9% at FPD level; 1,7% at implant fracture), implant fracture (4,5% at patient level;
3,9% at FPD level; 1,7% at implant level), FPD framework fracture (4,5% at patient level,
3,9% at FPD level).
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Fig. 15. Data regarding implant survival/failure rate,

biological and mechanical/technical complications (at patient/FPD/implant level)
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Fig. 16. Data regarding biological complications (peri-implantitis)
at patient/FPD/implant level
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Mechanical-technical complications
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Fig. 17. Data regarding mechanical/technical complications
at patient/FPD/implant level
Table XXXII. Biological and mechanical/technical
complications rates (at patient/FPD/implant level)
Patients FPD Implants
N 67 (100%) 76 (100%) 178 (100%)
Biological complications 12 (17,9%) 12 (15,8%) 24 (13,5%)
(peri-implantitis)
Mechanical/technical 24 (35,8%) 27 (35,5%) 51 (28,7%)
complications
Ceramic veneers 9 (13,4%) 9 (11,8%)
fracture/chipping
FPD framework fracture 3 (4,5%) 3 (3,9%)
Loss of screw access hole 21 (31,3%) 24 (31,6%) 42 (23,6%)
Screw loosening 9 (13,4%) 12 (15,8%) 15 (8,4%)
Screw fracture 3 (4,5%) 3 (3,9%) 3(1,7%)
Implant fracture 3 (4,5%) 3 (3,9%) 3 (1,7%)
Discussions

Biological and mechanical/technical complications in metal-ceramic implant-supported
fixed partial dentures have a direct influence on the decrease of the success rate of the implant-
prosthetic therapy. This personal study evaluated the rates of the biological and
mechanical/technical complications at implant, FPD and patient level.
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The rates of peri-implantitis (13,5% at implant level;, 17,9% at patient level) reported
in our study were in range with literature data for implant-supported FPD with mean follow-
up >5-year.

Lee et al (2017) performed a systematic review of the prevalence of peri- implant
pathology at the implant and patient level, including only clinical trials with a mean follow-
up period of at least 3 years. The weighted average prevalence of peri-implantitis at implant
and subject level was 9,25% and 19,83%, respectively. The weighted mean prevalence of peri-
implant mucositis based on implant and patient was 29,48% and 46,83%, respectively. The
research group concluded that the prevalence of peri-implantitis has increased over time; the
prevalence of peri- implantitis and peri-mucositis does not show a high level of association,
these values being influenced by distinct variables.

The reported rates of the biological complications in fixed partial dentures with implant
support were reviewed by Wada et al (2021).

The prevalence of peri-mucositis ranged from 23,9% to 88,0% at the patient level and
from 9,7% to 81,0% at the implant level, while peri-implantitis prevalence varied between
8,9%-45,0% at the patient level and 4,8%-23,0% at the implant level.

The highest rates of peri-implantitis were reported by Derks et al (2016) with 24,9% at
implant level and 45% at patient level (mean follow-up 8,9yr), followed by Aguirre-Zorzano
et al (2015) with 9,8% at implant level and 15,1% at patient level (mean follow-up 5,3yr), and
Dalago et al (2017) with 7,3% at implant level and 16,4% at patient level (mean follow-
up 5,6yr).

When biological complications in the implant-supported fixed partial dentures are
reported as ,,soft tissue inflammation”, the range of frequencies is higher (20,2% to 53,0%) at
5 years follow-up (Heydecke et al, 2012).

Mechanical and technical complications are a major risk in implant dentistry leading to
increased rates of repairs and remakes as well as the drainage of time and financial resources
for patients (Salvi & Bragger, 2009).

In our study, the prevalence of the mechanical and technical complications was 28,7% at
implant level, and 35,8% at patient level. These data confirmed reports of reviews of literature
(Heydecke et al, 2012, Hanif et al, 2017; Sailer et al, 2018). The frequency of the loss of screw
access hole material, fracture or chipping of ceramic veneers, screw loosening, screw or
implant fractures was reported by a few studies with a minimum 5-years follow-up.

Kreissl et al, (2007) found screw loosening (6,7%) followed by screw fracture (3,9%) as
the most frequent mechanical complications, while fracture/chipping of the veneering ceramic
was the most frequent technical complication (5,7% of FPD). A systematic review performed
by Heydecke et al (2012) highlighted the ceramic veneers fractures as the most frequent
complication in implant-supported FPD (frequency up to 58,1%) at 5 years follow-up, followed
by abutment screw loosening and/or abutment screw fracture (3,2%- 16,0%). Sailer et al (2018)
reported for 5-year follow-up 11,6% rate of ceramic veneers fracture/chipping but only 0.2%
of the metal-ceramic implant-supported FPD failed and had to be replaced due to this technical
complication.

Despite these data, practitioners must consider the possibility to prevent most of these
complications by proper selection of patients, individualized treatment planning considering
the specific risk factors as well as interdisciplinary collaboration in the treatment of the
complex cases (Negm, 2016).

Comparison and interpretation of the reported data must be done with caution due to the
heterogeneity of definitions and studies design proposed by different research groups
(Heydecke et al, 2012; Lee et al, 2017; Wada et al, 2021).
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Conclusions

- Implants abutments of 3-5 units fixed partial dentures exhibited very high survival
rates  (96,6%); however, rates of biological complications (peri-implantitis) were 13,5% at
implant level and 28,7% of implants had at least one mechanical complication.

- The most frequent mechanical/technical complications were the loss of screw access
hole material, followed by ceramic veneers fracture/chipping, and screw loosening.

- Diagnostic of complications and additional intervention are required in early stages
to prevent the failure of the implant-prosthetic therapy.

1.4.3. Survival and prosthetic success of fixed partial dentures supported by either
abutment teeth or implants: a retrospective study

Aims of study :
e Comparison of the survival and prosthetic success rates of the metal-ceramic
FPD with support on natural teeth versus dental implants.
e Evaluation of the survival and prosthetic success rates of the metal-ceramic
FPD (with support either on natural teeth and implants) in relation to individual
patients’ parameters.

Materials and method

The research was designed as a retrospective study including 126 edentulous patients
(mean age 60,48 * 11,459 yr ; gender 46/80) treated by metal- ceramic fixed partial dentures
with natural teeth or dental implants support.

Inclusion criteria:

- age >18 years;

- reduced posterior edentation;

- prosthetic treatment with metal- ceramic FPD with centric pontic or cantilever type;
- follow-up >5 years from prosthetic reconstruction.

Exclusion criteria:

- systemic pathology that could affect abutment teeth or implants (non-compliant to
periodontal maintenance sessions.

The study was performed accordingly to the requirements of the 1975 Helsinki
Declaration revised in 2008 and CONSORT Guidelines. Written informed consent was
obtained from all patients before enrollment. The patients were divided in two study groups:

- Study group A (n=74)- metal-ceramic implants- supported FPD (n=88);
- Study group B (n=52)- metal-ceramic teeth- supported FPD (n=64)

The data regarding biological complications of abutments and FPD and
mechanical/technical complications of FPD were collected from patient files and radiographic
examens. All patients were examined during the yearly regular visit for FPD, abutments,
surrounding hard and soft tissues and patient satisfaction.

The prosthetic success rates were calculated for each study group as well as in relation
to demographic and individual patients’ parameters.

A surviving FPD is defined as the FPD remaining in situ with or without modification
for the entire monitoring period (Sailer et al, 2018).

Features of the study groups (parameters of patients and fixed partial dentures) are
exposed in tables XXXI1I and XXXIV. There were no significant differences in demographic
parameters (gender, age groups) both in overall patients and between study groups.
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Table XXXII1. Study groups features- demographic and individual parameters
(Group A- Teeth-supported FPD vs. Group B- Implant-supported FPD)

Study group A Study group B Total p
Ns (%) 74 (58,7%) 52 (41,3%) 126 (100%)
Age, m+SD 58,35 + 11,228 63,50 £ 11,203 | 60,48+ 11,459
Age group, Ns(%) ,086
40-60 yr 34 (45,9%) 16 (30,8%) 50 (39,7%)
>60 yr 40 (54,1%) 36 (69,2%) 76 (60,3%)
Gendre, Ns(%) ,262
M 30 (40,5%) 16 (30,8%) 46 (36,5%)
F 44 (59,5%) 36 (69,2%) 80 (63,5%)
Smoking, Ns(%) ,647
No 54 (73,0%) 36 (69,2%) 90 (71,4%)
Yes 20 (27,0%) 16 (30,8%) 36 (28,6%)
Periodontal ,009**
disease history,
Ns(%)
Yes 34 (45,9%) 12 (23,1%) 46 (36,5%)
No 40 (54,1%) 40 (76,9%) 80 (63,5%)
Oral hygiene ,005%*
(mPI), Ns(%)
0 28 (37,8%) 26 (50,0%) 54 (42,9%)
1 20 (27,0%) 22 (42,3%) 42 (33,3%)
2 16 (21,6%) 2 (3,8%) 18 (14,3%)
3 10 (13,5%) 2 (3,8%) 12 (9,5%)

Table XXXI1V. Study groups features- parameters of fixed partial dentures
(Group A- Teeth-supported FPD vs. Group B- Implants-supported FPD)

Study group A Study group B Total
Ns (%) 88 (57,9%) 64 (42,1%) 152 (100%)
Fixed prostheses, Ns(%)
Classic FPD 80 (90,9%) 54 (84,4%) 134 (88,2%)

FPD- cantilever type
Units number (report
abutment/pontic), Ns(%)
Cantilever FPD 2/1 (D)
Cantilever FPD 2/1 (M)
Cantilever FPD 2/3 (M)
Classic FPD 3 (2/1)
Classic FPD 4 (2/2)
Classic FPD 4 (3/1)
Classic FPD 5 (2/3)
Classic FPD 5 (4/1)
Follow-up (yr), Ns(%)
5-10
>10
Location, Ns(%)
MD
MX
Location (quadrant), Ns(%)
1

2
3
4

8 (9,1%)

54 (2,3%)
4 (4,5%)
(2,3%)
52 (59,1%)
18 (20,5%)
8 (9,1%)
2 (2,3%)

54

32 (36,4%)
56 (63,6%)

58 (65,9%)
30 (34,1%)

16 (18,2%)
14 (15,9%)
22 (25,0%)
36 (40,9%)

10 (15,6%)

38 (59,4%)
4 (6,3%)
20 (31,3%)

2 (3,1%)

46 (71,9%)
18 (28,1%)

32 (50,0%)
32 (50,0%)

12 (18,8%)
20 (31,3%)
14 (21,9%)
18 (28,1%)

18 (11,8%)

54 (1,3%)
4 (2,6%)
54 (1,3%)

90 (59,2%)
22 (14,5%)
28 (18,4%)
54 (1,3%)
54 (1,3%)

78 (51,3%)
74 (48,7%)

90 (59,2%)
62 (40,8%)

28 (18,4%)
34 (22,4%)
36 (23,7%)
54 (35,5%)
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Results

Survival rates were 92,1% for overall patients (fixed partial dentures supported by
abutments either teeth or implants) (fig. 18.a).

Survival rate of teeth- supported FPD was 90,6% while survival rate of implants-
supported FPD was 93,2% (fig. 18.b).

The prosthetic success was 68,4% for overall patients (fixed partial dentures supported
by abutments either teeth or implants) (fig. 19.a).

The prosthetic success of teeth-supported FPD was 63,6%, while prosthetic success of
implants-supported FPD was 75% (fig. 19.b).

The statistical analysis found the absence of significant statistical differences between
the group of teeth-supported FPD and implant- supported FPD, regarding the rates of survival
(p=0,564) (Table XXXV).

The statistical analysis found the absence of significant statistical differences between
the group of teeth-supported FPD and implant- supported FPD, regarding the prosthetic success
(p=0,137) (Table XXXVI).

Table XXXV. Rate of survival
(teeth-supported FPD vs. implant-supported FPD)

Survival, Group A Group A Total Pearson p
Ns(%) (teeth-supported FPD) (implant-supported FPD) Chi-
patrat
YES 82 (93,2%) 58 (90,6%) 140 (92,1%)
333 564
NO 6 (6,8%) 6 (9,4%) 12 (7,9%)

Table XXXVI. Rate of prosthetic success
(teeth-supported FPD vs. implant-supported FPD)

Prosthetic Group A Group A Total Pearson p
success, | (teeth-supported FPD) (implant-supported FPD) Chi-
Ns(%) patrat
YES 56 (63,6%) 48 (75,0%) 104 (68,4%)
2,214 137
NO 32 (36,4%) 16 (25,0%) 48 (31,6%)
Survival rate Survival rate

FPD-
Implants

0% 20% 40% 60% 80% 100%
m Yes | m| No |

Figures 18.a-b. Survival rates
(overall; teeth-supported FPD; implants-supported FPD)
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Figures 19.a-b. Prosthetic success
(overall; teeth-supported FPD; implants-supported FPD)

Discussions

Our research aimed to compare survival and prosthetic success of the FPD supported by
either natural teeth or dental implants. The prosthetic success was considered for surviving
FPD without complications. This definition of the prosthetic success is valid despite the
recommendation of some research group for using USPHS modified criteria (Pol et al, 2022;
Spies et al, 2018; Naenni et al,2015). In both classification systems, the prosthetic success is
considered when FPD are free of framework fracture, veneering fracture/chipping, loosening
of the restoration, loss of screw access hole, occlusal wear, poor marginal adaptation, poor
anatomical form. The inclusion of patients treated by same practitioner allowed the evaluation
of subjects treated by a standardized protocol.

There is a large amount of information on dental implant- supported restorations, in
contrast to the limited information available on the clinical performance of teeth-
supported restorations. A few reviews (Le et al, 2015; Pjetursson et al, 2018) highlighted the
fact that a small number of studies compared the survival and success rate of the FPD with
teeth support versus implants support (Pjetursson et al, 2004, 2007; Pol et al,2022).

Our results showed non-significant statistical differences between the survival rates of
the two categories of FPD, while prosthetic success was higher for implant- supported FPD.
These results support data reported by of Pol et al (2018, 2022) regarding the similar clinical
performance of fixed partial dentures supported by abutments either teeth or dental implants.
Also, a review by Sailer et al (2018) reported, for an estimated 5-year complication rate for
metal-ceramic FPD, a total complications rate of 15.1%; 84.9% of the metal-ceramic implant-
supported FPD were free of biological or mechanical/technical complications at the end of the
monitoring period. In our study, total complications rate of implant- supported FPD was 25%;
the higher mean value can be explained by higher follow-up period, as 71,9% of FPDs were
assessed after 5-10 year of follow-up, and 28,1% had a follow-up >10 year. For a mean follow-
up of 41 months, Pol et al (2018) reported a 99% survival rate for teeth-supported FPD, and
98,7% survival rate for implant- supported FPD. A second study (Pol et al,2022), with a mean
follow-up of 52 months, found out a 91,7% survival rate for teeth- supported FPD, and 100%
survival rate for implant-supported FPD. Survival rates recorded in our study were lower
(90,6% for teeth-supported FPD; 93,6% for implant-supported FPD). Two factors can
contribute to these differences: higher mean follow-up of prosthetic reconstructions in our
study (36,4% 5-10 yr follow-up; 63,6% >10 yr follow-up); 3-units FPD (Pol et al,2022) vs. 3-
5 units FPD in our personal study. For higher mean follow-up, Tallarico et al. (2018) reported
89,2% 10-year survival of teeth supported FPD and 86.7% 10-year survival of implant-
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supported FPD. The survival rates of teeth-supported FPD decreased gradually with time at
(Bart et al,2012). A systematic review of Heydecke et al (2012) regarding studies performed
on 2-4 implants FPD, reported a survival rate of 98.9% (98.5-99.3%) at 5 years and a 97,8%
survival rate > 10 years (96.9-97.6%). Using modified USPHS criteria, Pol et al (2022)
reported 87,5% prosthetic success (scores Alpha and Bravo) for implant-supported FPD and
91,7% prosthetic success for teeth-supported FPD. In our study, prosthetic success rates were
lower for both FPD categories (75% for implant-supported FPD, 63,6% for teeth- supported
FPD). The factors reminded previously can also contribute to the differences between rates of
prosthetic success. Tallarico et al. (2018) reported in a systematic review as follows: 10-year
survival of teeth supported FPD was 89.2% compared to 86.7% for implant-supported fixed
partial prosthetic restorations. Despite the high survival rates, Tallarico et al (2018) reported
frequent biological and technical complications in the case of 10- year survival implant-
supported FPD (38.7%) when compared to teeth-supported FPD (15.7%). Bart et al (2012)
evaluated biological and technical complications for teeth-supported FPD with 7-19 years
(mean: 14 years). It was reported high survival rates (90.4% at 10 years; 80.5% at 15 years).
79,7% of all FPD remained free from any complication/failure at 10 years and only 34.6% at
15 years. The research group concluded that freedom from complications and failures was
drastically decreased for teeth-supported FPD in function for longer than 10 years (Bart et
al,2012). Multiple factors that can lead to failure (incorrect/incomplete assessment of the
patient, non-compliance with the operating and maintenance protocol, failure to identify some
risk factors as history of periodontitis/smoking, incorrect choice of the implant type,
biomechanical features). In the interpretation of the results reported by various systematic
reviews of the literature, the definitions of success and survival, respectively the criteria used
to evaluate the data differ greatly between different studies (Meijer et al, 2007; Patel et al,
2014). Prosthetic success rate can be overestimated, considering fixed prosthetic restorations
that are found in situ but need replacement (Needleman et al., 2012).

Conclusions

- Survival rates of teeth- and implants-supported FPD were high (93,2% vs.
90,6%, respectively) for both categories of prosthetic restorations.

- Higher rates of prosthetic success were recorded for implant- supported FPD (75%)
comparing to teeth-supported FPD patients (63,6%).

- Implant-supported fixed prosthetic restorations are a valid therapeutic solution in
patients with short edentation and poor prognostic of abutment.
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Chapter 2

CLINICAL AND EXPERIMENTAL STUDIES ON BIOMATERIALS
USED IN ALVEOLAR BONE RECONSTRUCTION IN
IMPLANT-PROSTHETIC THERAPY

2.1. INVIVO STUDIES ON THE SUCCESS OF DIFFERENT BONE
REGENERATION BIOMATERIALS IN ALVEOLAR BONE RECONSTRUCTION
BY GUIDED BONE REGENERATION TECHNIQUE

State of art:

The implant-prosthetic treatment plan must pay particular attention to the alveolar
bone reconstruction stage  through guided bone regeneration techniques that will ensure
the optimal positioning of dental implants in the context of restoring biomechanical and
functional conditions through fixed or removable prosthetic restorations with implant support.
A functional and stable mandibular implant-prosthetic restoration in posterior area can be
compromised in the long term due to shape and orientation of the residual alveolar
bone, improper sagittal intermaxillary relationships as well as the presence of
mandibular inferior nerves. These clinical situations require the enhancement of the
alveolar bone volume and quality for long-term success of the implant-prosthetic
therapy. However, the high density and low vascularization of the mandibular
cortical bone can hinder an effective grafting on the mandible body or regeneration
processes of some bone chambers ().

The selection of techniques and materials must be performed in relation to the local, loco-
regional and systemic parameters and the possible therapeutic solutions (Forna et al., 2011).
The choice of the guided regeneration techniques, surgical protocol, bone addition materials
and barrier membranes influence directly and indirectly the dental implants success rate as well
as intensity and distribution of the occlusal forces that will be transmitted to future prosthetic
restoration and mucosal and bone support. The accurate selection of both alveolar bone
reconstructive techniques and graft materials in the proimplant stage has a major importance
in the success rate of implant-prosthetic therapy as mechanical stability of the dental implants
is highly correlated with osseointegration (Javed et al, 2013).

The long-term success of implant- prosthetic therapy is highly dependent by implant
osseointegration (“direct structural and functional connection between surface alveolar bone
and the surface of a loadbearing artificial implant™) in alveolar bone with optimal volume and
quality (Goto, 2014; Sheikh et al, 2015). Bone reconstruction is requested in patients with bone
volume reduced due to tooth loss before implant placement, or due to periodontitis or trauma
(Javed et al, 2013), to allow proper implants positioning and long-term outcome of the implant-
prosthetic therapy (Tolstunov et al, 2019; Urban & Monje, 2019; Wessing et al, 2018).

Patients with complications of partial edentation (masticatory and physiognomic
disorders, dental migration, periodontal disorders, occlusal imbalances) represent a challenge
for specialists in prosthetics, implantology and oral surgery. Guided bone regeneration
techniques use a wide range of grafting materials (autologous bone, allografts, xenografts,
alloplastic materials) and resorbable and non-resorbable membranes. These techniques can be
performed, in relation to local conditions and pathology, through standard bone addition
protocols, in combination with sinus lifting techniques or through specific techniques (S-
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GBR). The loss of vertical alveolar bone height conducts to surgical difficulties and anatomical
limitations (Rochietta et al, 2008). The proper use of the guided tissues regeneration
techniques and materials for patients candidate to dental implants represents a major factor for
the long-term success of implant-prosthetic restorations (Sheikh et al., 2015). The aim is to
increase the graft integration rate by stimulating vascularization and cellular migration
phenomena of osteogenic cells among the graft particles. Many techniques have proved success

both in horizontal (Elnayef et al, 2015; Gorgis et al, 2021) andvertical (Plonka et al, 2018;

Khoury et al, 2019) augmentation of the atrophic maxillary and mandible.

Various biomaterials applied into the alveolar bone defects and considered on-the-board
options include autogenic, allogenic, xenografts, and synthetic biomaterials (Kumar et al,
2013). The categories of the bone grafting biomaterials used in the alveolar reconstruction are
as follows (Mittal et al, 2016):

- autogenous grafts- obtained from the same patient, taken from one site and placed in
implant site, having the advantage of including minerals, collagen, active osteoblasts and
bone morphogenic proteins that contributes to the formation of new bone by osteogenesis
and osteoinduction;

- allograft bones- obtained from individuals of the same specimen, usually the source is
cadaver bone, in the form of freeze-dried bone or demineralized freeze-dried bone; the
disadvantages would be little or no osteogenicity, increased immunogenic potential, higher
resorbtion rate than autogenous bone;

- alloplastic grafts- synthetic biocompatible and osteoconductive materials (hydroxiapatite,
calcium phosphates, bioactive glasses, biocompatible composite polymers); nowadays
are recommended some advanced synthetic bioactive resorbable bone graft materials
with similar properties as the host bone;

- xenografts- obtained from the inorganic portion of animal bones (most common source is
bovine bone); the inorganic components provide a natural matrix and a source of calcium;
the disadvantage is the abssence of osteogenicity and low resorption rate. The autogenic
grafts are recommended for the absence of immunological responses and high-volume
augmented bone, while they exhibit higher infection rate. Xenografts (bovine, porcine
origin) are largely used due to their low- content inflammatory reactions, high longevity
(Nistor, 2017). Alloplastic grafts (hydroxyapatite, tricalcium phosphate, bioactive glass)
have the advantages of high volume available, low amount of residual graft (tricalcium
phosphate) and higher new-born bone tissue comparing to xenografts (Murphy et al, 2016).
Most studies investigated graft materials as Bio-Oss (from xenograft category) and p-TCP
(from alloplastic grafts). The research groups consider these materials as the most
predictable, sustainable, and with the least infection rates in implant therapy (Sawada et al,
2018; Shamsoddin et al, 2019).

The kit for PRGF obtained by Endoret (BTI) technology contains single use kits (1 Kit:
4 tubes for collecting blood / 2 tubes for fractions preparation/ 1 activator / 1 seringe/
transferring sonde/ winged for blood collection). Endoret technology allows the blood
collection during one single session and manufacturing of PRGF in four formulas. PRGF
formulas (Endoret product):

- Liquid (plasma obtained from fraction 2, activated with Endoret activator based on
calcium chlorure)- for submucosal infiltration and the activation of dental implants for the
osseointegration acceleration;

- Graft produced by combination of Hypro-Oss with fraction 2 (plasma activated with
Endoret activator based on calcium chlorure)- for the rehabilitation of bone deffect;

- Fibrine membrane:
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An updated classification of the bone addition biomaterials was proposed by Zhao et al,
(2021). In this classification the bone grafting materials are divided in five categories:

1. Natural bone. Bone substitute materials:
 Autogenous bone;
« Allograft materials (demineralized bone matrix);
» Xenograft materials (bovine or porcine bone, chitosan);
* Phytogenic materials (materials based on corals or various species of algae).
2. Synthetic bone substitutes
* Hydroxyapatite;
+ Ceramic beta-tricalcium phosphate;
* Calcium sulfate;
* Polymers;
* Calcium phosphate cements;
* Metals.
3. Composite bone substitutes:
* NanoBone;
* Fortoss Vital;
* SmartBone.
4. Bone substitutes with infusion of vital osteogenic cells:
* Dent osteotransplantation;
* Bioseed-Oral Bone.
5. Bone substitutes with growth factors:
* Osigraft;
* Augmentation;
* Infused.

The surgical techniques used for the reconstruction of implant sites with grafting
biomaterials are the following (Bucur, 2012): bone augmentation techniques (onlay/inlay bone
blocks); guided bone regeneration techniques (GBR); sinus lifting associated with bone
addition techniques; apposition grafting (appositional osteoplasty); interposition grafting
(interpositional osteoplasty); addition techniques with subperiosteal tunneling; surgical
techniques of alveolar bone expansion; surgical techniques of alveolar bone elongation;
distraction osteogenesis. In vertical alveolar ridge augmentation, the height of alveolar bone (<
4, 4-6, > 6 mm) is a factor that influence the decision tree that include sections where clinician
must consider anatomical, clinical, and patient-related factors influencing for guidance in the
optimal treatment modality and sequence for predictable management of resorbed alveolar
ridge (Plonka et al, 2018). In horizontal augmentation clinician must consider both the bone
width available at the site of implant placement (> 3.5 mm, <3.5 mm, 4-5 mm) as well as bone
thickness, implant site position, availability of autogenous bone to choose the most predictable
horizontal ridge augmentation procedure (Fu & Wang, 2011).

Guided tissue regeneration techniques use grafting materials with an osteogenic,
osteoinductive or osteoconductive role that allow restoration of resorbed implant sites.
Sealing the alveolar bone addition materials as rigorously as possible and ensuring the closure
of the flap with tension-free sutures are requested conditions for the formation of a very good
quality bone (Urban et al,2019). GBR technique involves the use of membranes as a barrier
to epithelial proliferation and as a stimulating environment for osteogenesis allowing tissues to
regenerate the bone defect by blocking invasion with unwanted cells (Khojasteh et al, 2017).
Non-resorbable titanium, zirconium or titanium-reinforced membranes (with potential for
wound infection after exposure of e-PTFE membranes) or resorbable membranes (reduced
ability to create and maintain bone regeneration compartment space, rapid degradation) are
highlighted in a systematic review of GBR techniques used in pro- implant stage (Liu & Kerns,
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2014). Guided bone regeneration of posterior maxillary areas can be combined with sinus lifting
technique in the case of implant sites with reduced height and thickness in the posterior areas
of the maxillary arch as follows: post-extraction, severe periodontal damage, severe bone
resorption, reduced distance between the highest point of the alveolar ridge and the sinus
floor, the extension of the sinus in the area initially occupied by the dental roots (Esposito et al,
2010; 2014). The sinus lifting technique has the following advantages: obtaining a sufficient
bone volume; stability and mechanical resistance of the graft; implants have minimal exposure;
reducing the rate of postoperative complications; stability of dental implants) (Hansen et al,
2011). However, according to Kang et al (2019), sinus lifting, bone grafting, and vertical ridge
augmentation performed simultaneously increase the postoperative complications rate and
decreases the implant survival. This research group recommends delayed implant placement
when alveolar augmentation must be combined with sinus lifting.

S-GBR technique ("Screw-Guided Bone Regeneration™) allows excellent results for
mandibular edentulous patients with moderate or severe atrophy of the alveolar bone (Toeroek
et al, 2013 a,b). S- GBR technique uses a membrane delimiting the regenerative bone
compartment supported by osteosynthesis screws or dental implants. S-GBR technique is
mainly recommended for horizontal augmentation of mandibular alveolar bone with moderate
or severe horizontal resorption, using a combination of autologous bone, xenografts, resorbable
or non-resorbable membranes. S-GBR technique allows to maintain the regenerative bone
space due to osteosynthesis screws that support the space of the bone regeneration
compartment, while pericardial membraneto protect the area from regeneration from soft tissue
invasion). Excellent results were recorded at 24 month post-operatory by research groups
assessing implant- prosthetic  therapy with alveolar bone reconstruction by S-GBR
technique (Torok et al, 2021; Agop-Forna et al, 2021; Toeroek et al, 2013 a, b).
Considering these issues, we focused our research on a particular technique used in our dental
practice that allows us to obtain excellent results for mandibular edentulous patients with
mild- to-moderate atrophy of alveolar bone (Toeroek et al, 2013a,b). S-GBR is mostly
recommended to the lateral augmentation of the mandibular alveolar bone with moderate or
severe horizontal resorption, by using a combination of autograft, xenograft, resorbable or
non-resorbable membranes. Other GBR techniques use non-resorbable titanium-, zirconium-
, or titanium-reinforced membranes (with potential for wound infection following the
exposure of e-PTFE membranes) or resorbable membranes (poor space-making ability, fast
degradation) (Liu et al, 2008). The significant difference between S-GBR technique and other
techniques used in the horizontal augmentation of the alveolar crest is the system used for the
maintenance of the regenerative bone space (osteosynthesis screws as space holders,
pericardium membrane to protect the graft material from soft tissue invasion), with lower rate
of complications.

Every surgical technique has advantages and disadvantages, but specialists should give
priority to those procedures which are easy-to-use (according to the practical experience of
the clinician), less invasive, have lower risk of complications, and allow osteointegration of
dental implants within the shortest post-operatory time (Chiapasco et al, 2009). Data are
controversial regarding the success rate on medium and long term due to low quality of
methodology (poor sample size, undefined success criteria, short-term follow-up) (Chiapasco
et al, 2009). A scientifically validated opinion on which is the best technique and grafting
materials is hard to obtain, especially in posterior mandible area. Due to vertical and horizontal
bone resorption, augmentation procedures require a minimal surgical technique aiming to avoid
soft tissue dehiscence above the bone regeneration compartment. The use of minimally
invasive tunneling technique in the reconstruction of horizontally bone defects is associated
with difficulty in the positioning and maintenance of the grafted bone in coronal position to
increase the area of the peri-implant soft tissues (Le et al, 2008). The success of the lateral ridge
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augmentation depends on the experience of operator and by ability to stabilize and maintain the
graft at the alveolar crest. In large alveolar defects the maintaining of the stability of the grafted
areas becomes even more difficult when using this technique (Le et al, 2008). The success of
GBR techniques is more predictable when used to patients with mild to moderate horizontal
alveolar bone resorption and small edentulous span that allows simultaneous placement of
implants. Variants of GBR techniques that use tenting mechanisms can prevent collapse of
the soft tissues and bone resorption (Le et al, 2008). The comparisons and interpretation of the
literature data is difficult due to differences in parameters such as the alveolar bone location,
treatment protocol, treatment duration and postoperative check-up, as well as different criteria
for evaluation (Zhang et al, 2022).

Publications on this topic:

1.Torok, B.; Torok, R.; Dohan Ehrenfest, D.M.; Agop-Forna, D.; Dascélu, C.; Forna, N.C. Study of
Immediate Implants Placed in Mandibular Alveolar Bone Reconstructed with Screw-Guided Bone
Regeneration  Technique: A 24-Months  Follow-Up. Appl. ~ Sci. 2021, 11,  6054.
https://doi.org/10.3390/app11136054 FI=2,7

2.Agop-Forna, D.; Térok, R.; Torok, B.; Dragomir, R.; Ehrenfest, D.M.D.; Dascilu, C.; Stelea, C.G.
Postoperative Study of Bone Gain in Mandibular Alveolar Bone Reconstructed with Screw-Guided
Bone Regeneration Technique and Porcine-Derived Xenograft in 42 Edentulous Patient Candidates
for Implant-Prosthetic Therapy. Appl. Sci. 2021, 11, 9826. FI=2,7

3.Doriana Agop-Forna, Roland Toérok, Bianca Térok, Cosmin Cretu, Cristian Budacu, Norina
Forna. Guided bone regeneration techniques in alveolar bone reconstruction. Rom. J. Oral Rehabil
2022; 14(4): 176-186. F1=0,7

2.1.1. Immediate Implants Placed in Mandibular Alveolar Bone Reconstructed with
Screw-Guided Bone Regeneration Technique: A 24-Months Follow-Up.

Aim of study was to test whether implants inserted in posterior mandible sites
augmented with porcine-derived xenograft in screw-guided bone regeneration technique
differ from implants placed in non-grafted sites regarding success rate, survival rate,
interproximal marginal bone level (MBL), and clinical parameters of peri-implant soft
tissues.

Materials and method

Patient Selection and Study Design

The prospective cohort study was conducted at Implant Institute Torok (Nuernberg,
Germany) between December 2017 and December 2020. The study adhered to the ethical
values of the Declaration of Helsinki and received approval of ethics committee of U.M.F.
“Grigore T.Popa” Iasi (Romania) (Nr. 10833) Among the patients who visited the dental
clinic, 20 edentulous patients (mean age 59.45 + 15.220) were selected (Table XXXVII). All
patients involved in study received information about the objectives of the research and gave
informed consent. Inclusion criteria (test group) were age >18 years; partially edentulous
posterior mandible; severe horizontal resorption of ridges; treatment with fixed implant-
supported prosthesis. Additional inclusion criteria for control group: alveolar bone of
minimum 10 mm length and minimum 3.8 mm diameter. Exclusion criteria were: insufficient
alveolar bone for implant-prosthetic therapy; history of untreated periodontal disease; history
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of smoking; decompensated metabolic diseases; pregnancy; history of bisphosphonates
therapy; severe bruxism; non-collaborative patients. The selected patients were grouped as
follows:
- Testgroup (n =10; 30 implants): simultaneous implant placement with ridge augmen-
tation by S-GBR technique.
- Control group (n = 10; 32 implants): implant placement in naturally healed sites (non-
grafted).
The components of the study design (population, intervention, comparison, outcomes)
are exposed in Table XXXVIII.

Table XXXVII. Characteristics of test and control group.

Test Group Control Group

(S-GBR Sites) (Non-Grafted Sites) Total
N of subjects (Ns) 10 10 40
N of sites (Ni) 30 32 124
Mean age (range) (62.30 = 16.059) (56.60 == 14.159) (59.45 = 15.220)
Gender
Men, Ns (Ni) 4(12) 6(18) 10 (30)
Women, Ns (Ni) 6(18) 4(14) 10(32)
N, number; Ns, number of subjects; Ni, number of sites (implants).
Table XXXVIII. PICO components in study design
Component Description|
Population (P) Mandibular edentulous patients requiring bone grafting and dental implants

Augmentation of alveolar bone by S-GBR technique.
Immediate Implant placement Iin gratted sites

Intervention (1}

Comparison (C) Implant placement in non-grafted sites

Primary outcomes: implants success; implants survival
Secondary outcomes: clinical parameters of soft tissues: mPI, mGl, probing depth (mm),
keratinized mucosa (mm), occurrence of peri-mucositis/peri-implantitis (%); marginal-bone-level
(MBL) (mm);

Qutcomes (0)

Surgical Procedures
The same surgeon (T.R.), with over 20 years of experience, performed alveolar
augmentation and implant procedures. For all patients, systemic antibiotics were given
prophylactic preoperatively and at 4 days postoperatively. The procedures of dental implants
insertion for test group and control were as follows:
(a) Dental implants placement simultaneously with alveolar augmentation by SGBR
technique (xenograft, or a mixture with autogenous bone; porcine collagen membrane)
(test group);
(b) Standard dental implants placement (control group).
The stages of the surgical protocol of S-GBR technique and immediate implant
placement are described further.
1. Analysis of alveolar ridge parameters and the decision to apply the S-GBR
technique;
2. Placement of screws for osteosynthesis at the level of the vestibular face of the
alveolar ridge, at an angle of 45° in relation to the alveolar ridge;
3. The space created by the screws is filled with xenograft bone substitute (do not
cover with the non-resorbable membrane)
4. The entire area is covered with resorbable collagen membrane (protection of the
surgical site, stimulation of healing processes);
5. Monitoring the clinical aspect of the grafted area at 6-7 months;
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6. Reopening the site and checking the unformed bone tissue in the inter-screw spaces;
7. Removal of osteosynthesis screws.
Prosthetic loading was carried out after 14-16 weeks following implants placement in
the mandible. Each patient was included in a maintenance program consisting of oral hygiene
and recall visit every 6 months.

Results Analysis

The clinical and radiographic analysis of the parameters related to the primary out- comes
and secondary outcomes was performed by one investigator (T.B) at 24-months post-loading.
Criteria for the success of S-GBR grafting procedure were: absence of fistula, flow out from
mucosal dehiscence of the particles of the graft material, or the chronic inflammation.

Buser criteria, used to define the implant success, are as follows: the absence of pain,
the absence of implant mobility, the absence of recurrent peri-implant infection, the absence of
peri-implant radiolucency at 6 months and 24 months post-loading (Buser et al, 19990.

Diagnostic of peri-implant mucositis (Berglundh et al, 2018; Heitz-Mayfeld et al, 2020):

(1) Clinical inflammation signs (erythema, swelling, bleeding on probing at force not
overpassing 0.25 N, and/or suppuration) (Lang et al, 2011)

(2) Mild increase of probing depth.

(3) Absence of peri-implant bone loss (after post-loading stage of bone remodeling).

Diagnostic of peri-implantitis (Berglundh et al, 2018; Heitz-Mayfeld et al, 2020):

(1) Clinical inflammation signs (erythema, swelling, bleeding on probing and/or suppu-
ration);

(2) Probing depth >3 mm, and/or recession of the mucosal margin.

(3) Loss of peri-implant bone >3 mm (from implant shoulder).

Indices mP1 and mGI were used to evaluate the status of the peri-implant soft tissues
(Tables XXXIX and XL) (Mombelli et al, 1987, 1998; Salvi et a, 2004). Probing Depth (PD)
(mm) was evaluated with periodontal probe (Click-Probe®, Kerr, Bioggio, Switzerland).

Table XXXIX. mPI Indice (peri-implant bacterial plaque accumulation

Score Description
0 Undetected bacterial plague
1 Bacterial plaque detected by peri-implant probing
2 Bacterial plague detected by visual inspection
3 Peri-implant abundant white materia

Table XL. mGl Indice (peri-implant soft tissues status).

Score Description
0 Mo bleeding when the periodontal probe is passed along the peri-implant
mucosal margin
1 Isolated bleeding spots
2 Bleeding line on mucosal margin
3 Heavy bleeding; profuse bleeding|

Keratinized Mucosa (KM) (mm) was measured with periodontal probe (Click-Probe®,
Kerr) as the distance between the mucogingival junction and the most coronal point of the
keratinized mucosa in the center of the implant-prosthetic restoration

The marginal bone loss at buccal area (MBL) at 24-months follow-up was measured on
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CBCT as the distance between the connection implant-abutment and the peri-implant
MBL.
Statistical Analysis

Using the statistical software G*Power (Version 3.1.9, Heinrich-Heine-University,
Dusseldorf, Germany), a sample of 9 subjects in each group was calculated as minimum
number required to determine a significant statistical difference in marginal bone level loss,
success rate and survival rate of implants (80% power, 5% confidence level). Considering a
dropout rate of 10% during the study period, 10 subjects were included in each group. The
frequencies distributions were calculated for qualitative variables, while the aver- ages and
standard deviations for the quantitative ones. The normality of data distribution was checked
by Shapiro-Wilks test. The comparison of the quantitative variables between test group and
control was performed by using t-test and Mann-Whitney test. The com- parison of the
qualitative variables between test group and control was performed by using Chi-squared
test. The significance level was set at p < 0.05. Statistical analysis was performed using SPSS
version 27.0 for Windows (IBM, Armonk, NY. USA).
Results

Plaque levels (mP1) were significantly higher (p = 0.046) in S-GBR group (0.97 + 0.882
mm) when compared with control (0.66 + 0.695 mm) (Table V).

Keratinized mucosa width (KM) was higher in S-GBR group (4.13 £ 1.033 mm) than
control (3.34 £ 0.821 mm), with statistically significant differences (p = 0.000) (Table XLI).

Probing depth (PD) width was higher in S-GBR group (3.50 £ 1.372 mm) than control

(2.56 + 1.332 mm), with statistically significant differences (p = 0.000) (Table XLI).

Modified gingival index (mGI) was higher among implants placed in S-GBR group (0.90
+ 1.020 mm) than control (0.56 + 0.794 mm), although differences were not statistically
significant between groups (p-0.061) (Table XLI).

The difference between the average bone loss (MBL) for implants in Group S-GBR
(2.20 + 1.867 mm) and for implants placed in non-grafted sites (Group B: 1.09 = 1.678 mm)
was statistically significant (p = 0.000) (Table XLlI).

Table XLI. Clinical parameters and radiographic results at 24-months follow-up.

S-GBR Group Control p-Value
Mean Plaque Index (mPI) (mm) 0.97 = 0.882 (SD) 0.66 == 0.695 (SD) 0.046*
Keratinized mucosa (KM) 4,13+ 1.033 (SD) 3.34+0.821(5D) 0.000 **
Probing Depth (PD) (mm) 3.50 = 1.372 (SD) 2.56 = 1.332 (SD) 0.000 **
Mean mGl 0.90 = 1.020 (5D) 0.56 =% 0.794 (5D) 0.061
mGl (scores)
Score 0 43.3% 56.3%
Score 1 36.7% 37.5% 0.075
Score 2 6.7% 0.0%
Score 3 13.3% 6.3%
MBL (mm) 2.20 = 1.867 (5D) 1.09 = 1.678 (SD) 0.000 **

* Statistically significant, p < 0.05; ** Statistically highly significant, p < 0.01.

The success rate and the survival rate were higher for control when compared with
S-GBR group after 24-months follow-up (Table XLII).

Table XLII. Success rate and survival rate at 24-months follow-up.

S5-GBR Group Control p-Value
Success rate 76.7% 90.6% 0.001 **
Survival rate 86.7% 93.8% 0.182

¥ Statistically highly significant, p < 0.01.
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The overall implant success rate at 24-month follow-up was 76.7% in S-GBR group and
90.6% in control group, with significant differences between groups (p = 0.001).

The survival rate after 24-month follow-up was 86.7% in S-GBR group and 93.8% in
control group, without statistically significant differences although differences between groups
(p =0.182).

Discussions

This study compared clinical and radiographic parameters of the implant-supported
fixed restorations, following immediate implants placement in sites grafted by the S- GBR
technique.

A condition of the implants success rate when placed in grafted sites is the absence of
post-operatory early complications due to exposure or improper stabilization of bone graft as
well as to post-operatory infection. In our study, post-grafting complications, that could
interfere with implants osseointegration processes, were absent. The absence of the risk
factors (due to the selection criteria of patients) could contribute significantly in maximizing
the rate of the grafting procedures success (Moy et al, 2019). However, Dastaran et al. (2019)
found that the implant survival rate is not influenced by alveolar bone augmentation, despite
higher complications rate for implants inserted in sites with vertical and horizontal resorption.

The S-GBR technique was performed using mixed grafts (autologous bone and bovine
bone). Based on reviewed studies, with a follow-up of minimum 3-5 years, Elakkiya et al.
(2017) recommend the replacement of allografts and xenografts with autologous bone in the
implant sites with medium and severe bone resorption (Ellakiya et al, 2017). Xenografts can
delay bone formation in comparison to the naturally healed sites, but also preserve the alveolar
ridge and stimulate bone formation as to enable placement of implants with a high success rate
in mandibular implant-prosthetic restorations (Li et al, 2013).

Our study investigated the success rate and survival rate of immediate implants placed in
alveolar bone reconstructed by the S-GBR technique. Immediate implant placement
simultaneously with alveolar bone grafting had been well investigated in some systematic
review. One study reported, at 20-month follow-up, the absence of statistically significant
differences regarding various clinical parameters of the peri-implant soft tissue and peri-
implant marginal bone loss, between the immediate implants and delayed implants (Pellicer-
Chover et al, 2014).

In our study, we found a higher probing depth (p = 0.000), mGl index (p = 0.061), and
average bone loss (p = 0.000) for immediate implants placed in grafted sites, when compared
with naturally healed sites at 24-month follow-up. However, implant placement simultaneous
with horizontal ridge augmentation is recommended when possible as implant survival rates
are similar to subsequent implant placement (Wessing et al, 2018). We found after 24-month
follow-up an implant success rate of 76.7% in the S-GBR group, while the survival rate was
86.7%. The statistical analysis revealed the lack of significant statistical differences regarding
the survival rate, but statistically significant differences for success rate when comparing S-
GBR sites and non-grafted sites.

According to a comprehensive review of studies, implants placed with GBR techniques
had a mean 95.5% rate of survival for follow-ups of 5-74 months (Aghaloo et al, 2007). The
survival rate of the implants inserted in augmented sites, irrespective of the surgical technique,
ranged from 91.7% to 100%, while survival rates for non-grafted sites ranged between 93.2%
and 100% at follow-up periods of 1-5 years (Donos et al, 2008). A review of studies with 1-3
years follow-up found non-significant changes in peri-implant soft tissue clinical parameters
and marginal bone levels when lateral bone augmentation techniques are used (Schwarz et al,
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2018). The implant survival rate for the alveolar bone submitted to lateral ridge augmentation
was 97% to 100% at 6-12 months of follow-up (Elnayef et al, 2018).

At 24 months follow-up, the probing depth and the peri-implant marginal bone loss are
higher than the control group. This result is correlated with a higher resorption rate of the
augmented alveolar area when compared with the implants placed in naturally healed alveolar
bone. However, S-GBR is an augmentation technique with a very low rate of complications
(Toeroek et al, 2013). The only complication could be the exposure of the osteosynthesis screw,
managed by taking out the screw without any need for anesthesia.

An interesting research issue would be the comparison of the results obtained with the S-
GBR technique and immediate implantation when used in combination with different graft
materials. Further studies will be published by our research group to report the influence of the
graft material on the success and survival rate of dental implants placed in mandibular alveolar
bone.

The S-GBR technique is an easy method to regenerate the bone around implants and can
be used in the daily work by every practitioner. The big advantage of this method is the low
complication rate and the protection offered by the osteosynthesis screws to the augmented
side against the compression forces in the oral cavity.

The comparison and interpretation of the results with those reported by the literature must
be done with caution as various factors impact the long-term success of the implant-prosthetic
restorations (Schwarz et al., 2018; Elnayef et al., 2018; Sakka et al., 2012; Smeets et al., 2016;
Topalo, 2019; lonescu et al., 2019).

Literature data is scarce in studies investigating the results of the implant-prosthetic
treatments in simultaneous approach (augmentation technique combined with immediate
implantation). Also, the success of the dental implants following immediate implantation in
mandibular sites reconstructed with S-GBR technique, was not yet investigated.

Further studies can highlight the benefits and limits of this augmentation technique and
can establish specific clinical situations when this technique can be recommended.

The limitations of this study are related to insufficient follow-up which is not enough to
establish long-term survival rate of the implants, low sample size, and possible subjective bias
of the investigators.

Conclusions

- The reconstruction of the alveolar bone using S-GBR technique and porcine-derived
xenograft is a valid guided bone regeneration strategy for mandibular alveolar bone with
severe horizontal resorption.

- The selection of S-GBR technique and grafting biomaterials should be based on
specific indications as implants placed in grafted sites recorded worse marginal success
rate, survival rate and bone resorption than those placed in non-grafted sites.
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2.1.2. Postoperative Study of Bone Gain in Mandibular Alveolar Bone Reconstructed
with Screw-Guided Bone Regeneration Technique and Porcine-Derived Xenograft in 42
Edentulous Patient Candidates for Implant-Prosthetic Therapy

Aim of study was to test whether alveolar bone gain (width and osteodensity) in mandible
implant sites, augmented by the screw-guided bone regeneration (S-GBR) technique and the
porcine- derived xenograft, differ from that of the mandible sites reconstructed with S-GBR
and the bovine- derived xenograft.

Materials and method

Patients Selection Study Design

The prospective cohort study was conducted at the Implant Institute Torok (Nuern- berg,
Germany) between December 2018 and May 2020. The study adhered to the ethical values
of the Declaration of Helsinki and received the approval of the ethics committee of UMF
“Grigore T. Popa”, las, i, Romania (Nr.10833). Among the patients who visited the dental
clinic, 42 edentulous patients (mean age 54, 60 + 14, 90; age 40—79) were selected. All patients
involved in the study received information about the objectives of the research and gave
informed consent. Inclusion criteria (test group) were as follows: age > 18 years; partially
edentulous posterior and anterior mandible; moderate or severe horizontal and vertical
resorption of ridges; treatment with fixed implant-supported prosthesis. Exclusion criteria
were as follows: history of untreated periodontal disease; history of smoking, alco- hol, drugs
consumed; immunosuppression; decompensated metabolic diseases; pregnancy; history of
bisphosphonates therapy; severe bruxism; noncompliant patients. The selected patients were
grouped as follows:

*Test group (n = 20; 36 implants sites): implant sites augmentation with S-GBR
technique and porcine-derived xenograft THE Graft (Purgo Biologics, Seongnam- si, Korea);

*Control group (n=22; 50 implants sites): implant sites augmentation with S-GBR tech-
nigue and bovine-derived xenograft CompactBone B (Dentegris GmBH, Rheinberg,
Germany).

The characteristics of the test and control groups are shown in Table XLIII. The
components of the study design (population, intervention, comparison, and outcomes) are
shown in Table XLIV.

Table XL 111. Characteristics of test and control group

Test Group Control Group
(S-GBR + (5-GBR + Total
Bovine-Derived Xenograft) Porcine-Derived Xenograft)
N of subjects (Ns) 20 (47.6%) 22 (52.4%) 42
N of sites (Ni) 36 (41.9%) 50 (58.1%) 86 (100.0%)
Age groups
age 40-59, Ni (%) 16 (44.4%) 24 (48.0%) 40 (46.5%)
age 60-79, Ni (%) 20 (55.6%) 26 (52.0%) 46 (53.5%)
Gender
M, Ni (%) 16 (44.4%) 24 (48.0%) 40 (46.5%)
F, Ni (%) 20 (55.6%) 26 (52.0%) 46 (53.5%)
Dental group
Anterior, Ni (%) 10(27.8%) 16 (32.0%) 26 (30.2%)
Posterior, Ni (%) 26 (72.2%) 34 (68.0%) 60 (69.8%)

N—number; Ns—number of subjects; Ni—number of implant sites (dental implants).
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Table XLIV. Study design (PICO). Components.

Component Description

Mandibular edentulous patients requiring

alveolar bone graftting and implant-prosthetic therapy

1. Control group: Alveolar bone augmentation by 5-GBR technique with
bovine-derived xenograft (CompactBone). Immediate implant placement.

2. Test group: Alveolar bone augmentation by S-GBR with porcine-derived
xenograft (Purgo). Immediate implant placement.

Population (Y

Intervention (I)

1. Intra-group: gender; age group; location
Comparison (C) 2. Inter-groups: Control (S-GBR + bovine-derived xenograft) vs. Test (S-GBR +
porcine-derived xenograft)

Outcome (0) Bone gain at 6 months follow-up (width and osteodensity)

Description of Surgical Protocol
The same surgeon (T.R.), with over 20 years of experience in alveolar bone augmenta-
tion techniques and implant-prosthetic therapy, performed the S-GBR technique and the
immediate implant placement. For all patients, systemic antibiotics were given prophylac-
tically preoperatively and at 4 days postoperatively. The surgical procedures for the test group
and the control group were as follows:
(@) Dental implants placement simultaneously with alveolar augmentation by S-GBR
technique (mixture of autogenous bone with autogenous bone 90:10; porcine pericar- dial
collagen membrane) (test group);
(b) Dental implants placement simultaneously with alveolar augmentation by S-GBR
technique (mixture of bovine xenograft with autogenous bone 90:10; porcine pericar- dial
collagen membrane) (control group).
The stages of the surgical protocol of S-GBR technique and immediate implant
placement are described further.
1. Analysis of alveolar ridge parameters and the decision to apply the S-GBR technique;
2. Placement of screws for osteosynthesis at the level of the vestibular face of the alveolar
ridge, at an angle of 45° in relation to the alveolar ridge;
3. The space created by the screws is filled with xenograft bone substitute (do not cover with
the non-resorbable membrane)
4. The entire area is covered with resorbable collagen membrane (protection of the surgical
site, stimulation of healing processes);
5. Monitoring the clinical aspect of the grafted area at 6-7 months;
6. Reopening the site and checking the unformed bone tissue in the inter-screw spaces;
7. Removal of osteosynthesis screws.
Prosthetic loading was carried out after 14-16 weeks following implants placement in
the mandible. Each patient was included in a maintenance program consisting of oral hygiene
and recall visit every 6 months.

Evaluation of Clinical and Bone Parameters

The evaluation of the preoperative clinical parameters and at 6 months follow-up was
performed by one investigator (T.B.). Criteria for the success of S-GBR grafting procedure
were as follows: absence of fistula; flow out of the particles of the graft material; chronic
inflammation. Implant success was defined according to Buser criteria: absent pain; lack of
implant mobility or recurrent peri-implant infection; absence of peri-implant radiolucency at 6
months post-loading (Buser et al, 1999).

The CBCT exam (Sirona Orthophos XG) was used to record width and osteodensity
values of the implant sites. CBCT scanning conditions were a s follows: 85 kV, 6 mA, 14.4
s irradiation time, 25-1025 pSv irradiation dose, and 1 mm slices thickness. CBCT images
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were stored in DICOM file. An independent radiologist that was not involved in the study
performed all the bone parameters measurements (preoperative, 6 months follow-up).

Standardized measurements were taken for alveolar width preoperative and at 6 months
postoperative. Implant sites width was measured before teeth extractions and 6 months after
augmentation procedures. The osteodensity bone values were evaluated immediately after
implant placement and at 6 months follow-up. Sidexis XG/ DVT (Densply/Sirona) software
was used for the measurement of the width alveolar bone parameters at baseline and at 6
months follow-up. Width measurements were taken 3 mm, 5 mm, and 10 mm, respectively,
from the crest at 3 intervals: the mesiodistal midpoint of the edentulous area and 3 mm mesial
and distal to the midpoint. A mean value of width was calculated for each implant site
preoperatively and at 6 months postoperatively. NNT Viewer/CT (NewTom) software was
used to record the osteodensity values at baseline and at 6 months postoperative. The
measurement of the preoperative osteodensity was performed immediately after implant
placement and at 6 months follow-up. The bone density was measured in the areas adjacent to
the implant, to the midpoint level.

Statistical Analysis

Statistical tests were used to compare the bone gain of the implant sites (width and
osteodensity) at 6 months postoperative. The frequencies distributions were calculated for
qualitative variables, while the averages and standard deviations were calculated for the
quantitative variables. The normality of data distribution was checked with the Shapiro—Wilk
test. The comparison of the quantitative variables between the test group and the control group
was performed by using a t-test and the Mann—Whitney test. The comparison of the qualitative
variables between the test group and the control group was performed by using the chi-square
test. We tested whether the differences recorded between preoperative and postoperative values
for the three parameters (width and osteodensity) were statistically significant. The Wilcoxon
test was used for paired samples. The significance level was set at p < 0.05. Statistical
analysis was performed using SPSS version 27.0 for Windows (IBM, Armonk, NY, USA).

Results

We compared, at the intra-group level, the average values of the bone gain (width and
osteodensity) for sex, age groups, and the location of the augmented implant sites. The bone
gain (width) values for each group are presented in figures 20.a-b. In the control group (S-
GBR + bovine xenograft), the bone gain (width) was higher in male patients (4.5100 mm
vs. 4.3150 mm), age group 40-59 years (4.7225 mm vs. 4.1450 mm), and the posterior
dental group (4.4954 mm vs. 4.1580 mm). In the test group (S-GBR + porcine xenograft),
the bone gain (width) was higher in female patients (6.4885 mm vs. 5.2075 mm), age group
60-79 (6.5185 mm vs. 5.1750 mm), and the posterior dental group(6.0971 mm vs. 5.3988
mm). The bone gain (osteodensity) values for each group are presented in figures 21.a-b. In
the control group (S-GBR + bovine xenograft), the bone gain (osteodensity) was higher in
female patients (319.90 HU vs. 4.3150 mm), age group 40-59 years (303.00 HU vs.255.90
HU), and the anterior dental group (334.60 HU vs. 254.61 HU). In the test group (S-GBR +
porcine xenograft), the bone gain (osteodensity) was higher in male patients (268.50 vs.
241.07 HU), age group 40-59 years (279.91 HU vs. 230.53 HU), and the posterior dental
group (270.70 HU vs. 219.25 HU).

Intergroup comparisons regarding the bone gain (width and osteodensity) are pre- sented
in Figure 3.a,b. The mean values (control group vs. test group) are as follows: width (4.107
mm vs. 4.1624 mm); osteodensity (276.83 HU vs. 254.24 HU).
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Figures 21.a-b. (a) Comparisons of bone gain (osteodensity) for sex, age groups, location of
implant sites. Control group (S-GBR + bovine-derived xenograft). (b) Comparisons of bone
gain (osteodensity) for sex, age groups, location of implant sites. Test group (S-GBR +
porcine-derived xenograft).
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Figure 22. (a,b) Intergroup comparisons of bone gain (width, osteodensity) at 6 months follow-up.
(S-GBR + bovine-derived xenograft group vs. S-GBR + porcine-derived xenograft group.).

The statistical analysis found the absence of statistically significant differences between
the two groups regarding the bone gain at 6 months follow-up (width, osteodensity) (Table
XLV).

Table XLV. Statistical comparisons between control and test groups
(Width; Osteodensity)

Shapiro-Wilk Test Mann-Whitney/

Group t-Student
Statistics Sig. p U/t Student Sig. p
WIDTH- Control 0.938 0.045 * 738,000 0.156
Bone gain Test 0.890 0.000 **
OSTEODENSITY= Control 0.823 0.000 ** 896,000 0.972
Bone gain Test 0.964 0.125

* Statistically significant, p < 0.05; ** Statistically highly significant, p < 0.01.

Discussions

Despite the numerous studies investigating the alveolar bone augmentation with
xenografts of bovine origin, only a few have investigated the predictability and stability of
the functional and aesthetic outcome following alveolar bone regeneration procedures with
porcine-derived xenografts. A research group has highlighted the fear of patients regarding the
possibility of transmitting bovine spongiform encephalopathy (BSE) with degenerative effects
in the human brain through xenografts of bovine origin (Kim et al, 2016). The risk of foreign
body reaction, at intervals of 2 to 10 years, must also be considered for bovine xenografts due
to the absence of the biodegradation of the inorganic particles (Rodriguez et al, 2019). Other
benefits of the porcine-derived xenografts are the similar anatomical, physiological, and
genetic structure to human bone tissue, and the low risk of transmission of diseases from pig
to human (Salamanca et al, 2015; Bracey et al, 2018).

We performed an immediate implant placement with simultaneous augmentation
procedures, as the literature data report similar implant survival rates for immediate and
delayed implant placements (Wessing et al, 2018). The survival rate of implants in the control
and test groups was 100% at 6 months follow-up. The implant survival rate in the implant
sites reconstructed by lateral ridge augmentation ranged from 97% to 100% at 6-12 months
of follow-up (Elnayef et al, 2018).

Suggestions were made for the complete replacement of the xenografts with autol-
ogous bone in the implant sites with medium and severe alveolar resorption (Elakkiya et al,
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2017). How- ever, we performed the augmentation procedures with a combination of
autologous bone and xenografts in both the control group (bovine xenograft) and the test group
(porcine xenograft) due to the limits of the autogenous bone as a unique graft material (i.e.,
morbidity at the donor site, lower availability, and dehiscence risk of the wound) (Herford &
Nguyen, 2015). Moreover, some patients prefer nonautogenous bone grafts with fewer
postoperative healing days, less pain, and a shorter recovery time (Chavda & Levin, 2018).
Xenografts have many benefits when used in guided bone regeneration techniques due to their
biocompatibility, osteoconduction, the low resorption rates, as well as their ability to maintain
the volume of the regenerative compartment (Li et al, 2013). Porcine-derived bone graft
materials have been recently promoted as alternative materi- als to autogenous bone in
augmentation procedures due to their good physicochemical properties, high biocompatibility,
their osteoconductive properties, and the development of different formulations that stimulate
bone regeneration processes (Falacho et al, 2021; Salamanca et al, 2018).

Bone gains were recorded at 6 months follow-up in both groups of implant sites
(control and test groups) for both measured parameters (width and osteodensity). The mean
values found in our study for bone gains following the augmentation procedures and the
immediate implant placement (S-GBR + bovine-derived xenograft vs. S-GBR + porcine-
derived xenograft) are as follows: width (4.107 mm vs. 4.1624 mm); osteodensity (276.83 HU
vs. 254.24 HU). The horizontal bone gain (width) was similar and without significant
statistical differences between the implant sites reconstructed by the S-GBR technique and
the bovine-derived xenograft and those reconstructed by the S-GBR technique and the
porcine-derived xenograft. However, the osteodensity gain was higher in the implant sites
reconstructed with the bovine-derived xenograft, but without significant statistical differences
in comparison with the test group. These results could be related to the differences related
to the structure and the physicochemical properties between the two categories of the
xenografts. The porcine-derived xenograft used in the personal study (Purgo, Purgos
Biologics, Seongnam-si, Korea) has a high degree of porosity (78.4%), a large specific surface
area (SSA; 69.9 m2/g), a high degree of surface roughness (4.47 um), and a significant
percentage of pores with a diameter <100-nm. The degree of porosity is higher than that
detected in the case of the bovine-derived xenografts and very close to the porosity of the
human trabecular bone (79.3%), while the micropores and macropores play a crucial role in
new bone formation (Lee et al, 2014). The osteoblasts have higher proliferation rates, higher
rates of alkaline phosphatase synthesis, and mineral deposition on the extracellular matrix if
they adhere to surfaces with micropores less than 100 nm diameter (Webster et al, 2000).
The degree of hydrophilicity and the surface energy of the porcine-derived xenograft leads
to high protein absorption rates, increased cell adhesion rates, and the stimulation of cell
proliferation processes (Kubies et al, 2011; Rupp et al, 2014).

The statistical tests determined the absence of significant statistical differences be-
tween the control and test groups at 6 months follow-up for all measured alveolar bone
parameters. The average results of the horizontal bone gains (width) for the bovine-derived
xenograft augmentation procedures obtained in our study were comparable with data reported
by similar research (Elnayef et al,2018; Troeltzch et al, 2016; Urban et al, 2013; Mordenfeld
et al, 2014; De Santis et al, 2021). Elnayef et al. (2018) have reported in a comprehen- sive
review of the literature a net horizontal bone gain at follow-up of 2.86 + 0.23 mm. Troeltzsch
et al. (2016) have reported in a systematic review a mean horizontal gain of 4.5+ 1.0 mm
after alveolar bone augmentation techniques with mixtures of autogenous bone and xenogeneic
grafting material. Urban et al. (2013) have found an average value of 5.68 mm horizontal bone
gain inthe lateral ridge augmentation techniques performed with autogenous bone and bovine
bone-derived xenografts. Mordenfield et al. (2014) have reported for lateral ridge
augmentation with bovine-derived xenograft and autoge- nous bone (90:10) a mean value of
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the horizontal bone gain of 5.7 + 1.0 mm. De Santis et al. (2021) have found a mean horizontal
gain of 3.6 + 0.8 mm and a mean vertical gain of 5.2 = 1.1 mm in the augmentation of the
mandibular alveolar defects using a combination of autogenous bone and bovine xenografts.
Isik et al. (2021) have recorded, at 6 months follow-up, in a study that investigated the
effectiveness of horizontal augmentation with the bovine-derived xenograft, the increase of
the alveolar bone width with 1.34 £ 0.14 mm, 2.49 £ 0.24 mm, and 2.97 + 0.24 mm at 2
mm, 4 mm, and 6 mm, respectively, below to the implant shoulder. Uzbek et al. (2014)
have reported a significant increase of the osteodensity mean values (390 HU) following the
alveolar augmentation procedures with the bovine-derived xenograft. A systematic review of
the effectiveness of the natural and synthetic bone grafts used in the alveolar bone
augmentation reported the absence of significant differences in the percentage of new bone
between any two grafts and recommended the use of any category of xenografts in the
enhancement of alveolar bone quality and volume prior to the insertion of the dental implants
(Papageorgiou et al, 2016). Moreover, a recent review performed by Zaki et al. (2021) has
highlighted the contribution of the guided bone regeneration procedures used during the
immediate implant placement in the decrease of the horizontal buccal bone resorption and the
improvement of the peri-implant soft tissue esthetics.

Most studies that investigate the effectiveness of the horizontal and vertical alveolar
augmentation procedures are especially focused on the quantitative parameters (i.e., the
vertical and horizontal bone gain). Bone quality, changes in the bone density, the volume of
the bone defect, the proportion between autogenous bones, other graft materials when mixed
grafts are used, and the type of membrane should also be defined so that oral sur- geons can
make optimal decisions when performing alveolar bone regeneration techniques.

The limitations of this study are related to the low sample size, the low postoperative
follow-up, and the possible subjective bias of the investigators during the stage of bone
parameters measurements. Within these limitations, the data reported could contribute to a
better understanding of the benefits of porcine-derived xenografts when used in guided bone
regeneration techniques for the reconstruction of the implant sites and imme- diate
implantation, as the literature data is scarce in studies comparing porcine-derived xenografts
with other categories of additional materials, as well as in research focused on augmentation
techniques combined with immediate implantation.

Conclusions

The horizontal bone and osteodensity gains in the porcine-derived group were simi- lar
and without significant statistical differences when compared with the implant sites
reconstructed with the bovine-derived xenografts group at 6 months postoperatively. The
reconstruction of the mandibular alveolar bone by the S-GBR technique and the porcine-
derived xenografts is a valid bone regeneration strategy for edentulous patients with
moderate/severe horizontal resorption of the mandibular alveolar bone.
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2.2. IN VITRO STUDIES ON GRAFTING BIOMATERIALS USED IN
GUIDED BONE REGENERATION TECHNIQUES

State of art:

Bone defects resulting from trauma, tumor resection, or congenital abnormalities pose
significant challenges in maxillofacial and orthopedic surgery. To restore the structure and
function of the affected area, various biomaterials have been developed for bone reconstruction
[Lu et al. 2013].

Biomaterials used in guided bone regeneration techniques are divided in four categories
of bone grafts (autogenous bone, xenografts, alloplastic grafts) combined with barrier
membranes. The placement of a barrier membrane to avoid the penetration of the non-
osteogenic components (epithelial and connective tissue cells) in the bone compartment and
interfering with bone regeneration processes is the primary principle of guided bone
regeneration technique (Sasaki et al, 2021; Elgali et al, 2017). The barrier membranes used in
the guided tissues regeneration techniques are bioactively components while the molecular and
cellular activities inside the membrane are linked to the stimulation of the alveolar bone
regeneration (Sasaki et al, 2021; Omar et al, 2019).

Intraoral bone reconstruction is a crucial aspect of oral and maxillofacial surgery, aimed
at restoring the form, function, and aesthetics of the jawbone following trauma, tumor
resection, or congenital defects. A variety of bone reconstruction materials are available, each
possessing unique characteristics that influence their clinical performance and outcomes.
Understanding the specific properties and capabilities of these materials is essential for making
informed decisions regarding their selection and application in oral reconstructive procedures.
This paper presents a comparative study on the characteristics of intraoral bone reconstruction
materials, focusing on their physical, mechanical, and biological properties.

Bone reconstruction materials can be broadly classified into autogenous, allogeneic,
xenogeneic, and synthetic types, each with its advantages and limitations. Autogenous grafts,
such as autologous bone, have long been considered the gold standard due to their excellent
osteogenic, osteoinductive, and osteoconductive properties [Calori GM et al.2011]. However,
their limited availability, donor site morbidity, and associated surgical complications have led
to the development of alternative materials.

Allogeneic grafts, obtained from human donors, offer a viable alternative to autogenous
grafts, providing structural support and serving as a scaffold for new bone formation (Tsuchiya
H. et al.2003). Xenogeneic grafts, derived from animal sources, possess osteoconductive
properties and are widely used in bone reconstruction procedures (Schwartz Z et al. 1996).
Synthetic bone substitutes, such as calcium phosphates and bioactive ceramics, offer
predictable resorption rates, tunable physical properties, and the potential for functionalization
to enhance biological interactions (Bose S et al. 2012). In recent years, biodegradable
biomaterials have gained significant attention due to their ability to provide temporary support
during the healing process and subsequently degrade, eliminating the need for implant removal
(Bostman et al.2000). Among the biodegradable materials, magnesium-based alloys have
shown promise for bone reconstruction applications due to their biocompatibility, mechanical
properties, and biodegradability (Li et al. 2008).

The characteristics of bone reconstruction materials play a crucial role in their clinical
applicability and success. Parameters such as biocompatibility, biodegradability,
osteoconductivity, mechanical strength, and osseointegration potential determine the material's
ability to facilitate new bone formation and maintain long-term stability. Comparative studies
that systematically evaluate these characteristics provide valuable insights into material
selection, surgical techniques, and treatment outcomes.
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Ultimately, an in-depth understanding of the characteristics of intraoral bone
reconstruction materials will contribute to improved treatment planning, surgical outcomes,
and patient satisfaction. By advancing our knowledge in this field, we can enhance the success
rates of bone reconstruction procedures, optimize the choice of materials based on individual
patient needs, and contribute to the continuous evolution of oral and maxillofacial surgery.

The properties of an ideal membrane material are as follows: biocompatibility allowing
tissue integration, space creation and maintenance inside bone deffect, selective permeability,
excellent handling properties (Naung et al, 2019).

The barrier membranes are divided in two categories: resorbable collagen membranes
and non-resorbable membranes such as dense-polytetrafluoroethylene (d-PTFE), expanded-
polytetrafluoroethylene (e-PTFE), titanium mesh, and titanium-reinforced
polytetrafluoroethylene (Sasaki et al, 2021; Soldatos et al, 2017). The resorbable membranes
used in the guided bone regeneration techniques are natural and artificial polymer membranes
(Zhang et al, 2022).

The wide variety of commercial barrier membranes presents a challenge for oral surgeons
and implantologists regarding the selection of the optimal resorbable or non-resorbable barrier
membrane in a specific clinical situation. Most studies reported similar outcomes regarding the
level of vertical and lateral bone gain in guided bone regeneration techniques performed with
both resorbable and non-resorbable membranes (Patil et al, 2023). In this context, clinicians
must understand the physicochemical, mecanical and biologic properties of different materials
in relation to their tissue origin (Caballé-Serrano et al, 2019). However, in the interpretation of
the literature data provided by studies focused on the role of membranes in the guided tissue
regeneration techniques, we must consider the relation between clinical outcomes and the
clinician performance and experience, as well as medical history, periodontal history, oral
hygiene or smoking (Zhang et al, 2022).

The non-resorbable membranes have clinical advantages and limits. Clinical advantages
are as follows: ability to retain their structural integrity during implantation, biocompatibility,
capacity to maintain the space inside bone deffect, decrease of the flap reflection, preservation
of the keratinized gingival tissues. Limits are related to the potential for tissue irritation, the
need for second surgical session for membrane removal, and the potential for bacterial growth
on the membrane surface (Sasaki et al, 2021). Due to limits of the non-resorbable membranes,
collagen membranes are still the most frequent used in the guided bone regeneration techniques
due to scientific background and extensive clinical validation (Ren et al, 2022). The great
advantages of the resorbable collagen membranes are hydrophilicity and easy of handling.
Other benefits include (Zhang et al, 2022; Allaudin et al.,2022):

- low cost:

- guide for soft tissue healing;

- increased biocompatibility;

- protection of the immature bone tissue from soft tissue invasion;

- impermeable to cells, but permeable to nutrients;

- resorption capacity through enzymatic degradation without causing tissue irritation.

The limits of the native collagen membranes are the inability to maintain the proper space
needed to cover severe bone defects (Soldatos et al, 2017; Turri etal, 2021).

The modified collagen membranes by crosslinking can provide better results in soft
tissues and bone regeneration, due to better mechanical strength and degradation cycle (Ren et
al, 2022). Despite excellent biocompatibility, unpredictable degradation profile of
the collagen membranes can reduce the effectiveness of the guided bone
regeneration techniques (Bozkurt et al, 2014). Large variations were reported regarding
the biological behaviour of barrier membranes, due to differences related to their origin and
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structure, which reflect on their clinical performance (Sbricoli et al, 2020). In this context, new
resorbable membranes with dense collagen fibers provide better fitting to the bone and soft
tissues, easier handling during suture stage, better membrane-bone and membrane-periosteum
interface, and better protection of implant site from infection in case of accidental exposure by
avoidance of membrane infection (Kilinc & Ataol, 2017). The mechanical and
physicochemical properties of the resorbable membranes varies widely between commercial
products. The importance of in vitro studies is highlighted by the influence of these properties on the
clinical handling and long-term implant survival and success.Research groups
highlights the need for more in vitro studies regarding adsorption, integration capacity and rate
of degradation of the resorbable barrier membranes for better understanding of their clinical
and biological behavior (Ren et al, 2022; Sbricoli et al, 2020; Caballé-Serrano et al, 2019).

Publications on this topic:

Doriana Agop Forna, Claudiu Topoliceanu, Ovidiu Stamatin, Corneliu Munteanu, Norina Forna.
The biomechanical characteristics of intraoral bone reconstruction materials Rom. J. Oral Rehabil
2023:

Doriana Agop Forma, Corneliu Munteanu, Ovidiu Stamatin, Norin Forna, Marcelin Berchea,
Siminiuc Petruta, Hutanu Vasile, Norina Forna. Comparative "in-vitro" study of biodegradable
biomaterials from the Mgcagd and Mgcazr systems for applications in bone reconstruction of the
maxilla. Rom. J. Oral Rehabil 2023; 15(2): 126-136.

Doriana Agop Forna, Alina Robu, Cristian Budacu, Marta Petre, Cristina Iordache, Claudiu
Topoliceanu, Ovidiu Stamatin, Tulian Antoniac, Norina Forna. Study regarding the role of barrier
membranes in guided bone regeneration techniques. Rom. J. Oral Rehabil 2023; 15(2): 13-25.

2.2.1. The biomechanical characteristics of intraoral bone reconstruction materials

Aim of study was to to conduct a comparative analysis of the characteristics of various
intraoral bone reconstruction materials, considering their physical, mechanical, and biological
attributes.

Materials and method

A comprehensive literature search was conducted using electronic databases, including
PubMed, Scopus, and Web of Science, to identify relevant studies published up to the present.

For comparisons with specialized literature, we included a test in which four
commercially available intraoral bone reconstruction materials were selected for the
comparative study: Bio-Oss, Bioplant, Osteoplant, and Fibro-Gide (figures 23-26). Each
material was obtained in the form of standardized samples, according to the manufacturer's
specifications.

Samples of each bone reconstruction material were prepared in the form of cylindrical
specimens with standardized dimensions. The dimensions were determined based on the
specific requirements of the biomechanical tests to be conducted.

Compressive strength testing was performed to evaluate the materials' ability to resist
compression forces. The prepared cylindrical specimens were placed in a universal testing
machine, aligned vertically, and compressed at a constant loading rate until failure occurred.
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The maximum force applied during compression was recorded, and the compressive strength
was calculated by dividing this force by the cross-sectional area of the specimens.
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Tensile strength testing was conducted to assess the materials' resistance to tension
forces. The cylindrical specimens were securely fixed in a tensile testing machine, and an axial
force was applied until the specimens fractured. The maximum force at the point of fracture
was recorded, and the tensile strength was calculated by dividing this force by the initial cross-
sectional area of the specimens. The elastic modulus, which represents the stiffness of the
materials, was determined using a separate set of cylindrical specimens. The specimens were
subjected to axial loading in a testing machine equipped with an extensometer to measure the
corresponding deformation. Stress-strain curves were obtained from the load and displacement
data, and the slope of the linear elastic region was used to calculate the elastic modulus.

Results

The results of the literature review on the comparative biomechanical characteristics of
oral bone reconstruction materials, specifically bovine, equine, porcine, and tricalcium
phosphate, are summarized below.

Compressive Strength

Studies comparing the compressive strength of the materials reported varying results.
Bovine bone reconstruction material demonstrated the highest compressive strength, ranging
from 100 to 200 MPa [Smith A, et al.2003, Chang MC, et al. 2002]. Porcine bone
reconstruction material exhibited moderate compressive strength, ranging from 100 to 150
MPa [Oliveira ER, et al. 2019, Zhang H, et al. 2015]. Equine bone reconstruction material
displayed relatively lower compressive strength, ranging from 50 to 100 MPa [Jamieson R, et
al.2006, Chiang T, et al. 2017]. Tricalcium phosphate showed the lowest compressive strength,
ranging from 10 to 40 MPa [Dorozhkin SV. 2014, Wu C, et al. 2009].

Tensile Strength

Studies evaluating the tensile strength of the materials reported similar trends. Bovine
bone reconstruction material demonstrated the highest tensile strength, ranging from 20 to 50
MPa [Smith A, et al.2003, Chang MC, et al. 2002]. Porcine bone reconstruction material
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exhibited intermediate tensile strength, ranging from 10 to 30 MPa [Oliveira ER, et al. 2019,
Zhang H, et al. 2015]. Equine bone reconstruction material showed relatively lower tensile
strength, ranging from 10 to 40 MPa [Jamieson R, et al.2006, Chiang T, et al. 2017]. Tricalcium
phosphate displayed the lowest tensile strength, ranging from 1 to 5 MPa [Dorozhkin SV. 2014,
Wu C, et al. 2009].

Elastic Modulus

The elastic modulus, representing the materials’ stiffness, was reported in several studies.
Bovine bone reconstruction material consistently exhibited the highest elastic modulus,
ranging from 0.1 to 0.3 GPa [Smith A, et al.2003, Chang MC, et al. 2002]. Porcine bone
reconstruction material showed intermediate elastic modulus, ranging from 0.02 to 0.1 GPa
[Oliveira ER, et al. 2019, Zhang H, et al. 2015]. Equine bone reconstruction material
demonstrated relatively lower elastic modulus, ranging from 0.1 to 0.3 GPa [Jamieson R, et
al.2006, Chiang T, et al. 2017]. Tricalcium phosphate displayed the lowest elastic modulus,
ranging from 0.01 to 0.05 GPa [Dorozhkin SV. 2014, Wu C, et al. 2009].

Overall, the results indicate that bovine bone reconstruction material consistently
demonstrated the highest biomechanical properties, including compressive strength, tensile
strength, and elastic modulus. Porcine bone reconstruction material exhibited intermediate
properties, while equine bone reconstruction material showed relatively lower biomechanical
characteristics. Tricalcium phosphate, a synthetic material, consistently displayed the lowest
biomechanical properties among the evaluated materials.

It is important to note that the reported ranges of biomechanical properties may vary
across studies due to differences in testing methods, sample sizes, and material compositions.
Additionally, the reported values may be influenced by the specific processing techniques and
formulations of the materials.

These findings contribute to the understanding of the relative performance and
biomechanical characteristics of bovine, equine, porcine, and tricalcium phosphate materials
in oral bone reconstruction. The results suggest that the choice of material should consider the
specific clinical requirements and load-bearing needs of the individual case. Further research
and clinical studies are warranted to explore the long-term performance, biocompatibility, and
clinical outcomes associated with these materials to optimize their use in oral bone
reconstruction procedures.

Bovine bone grafting biomaterial: The average HRC hardness of bovine bone grafting
biomaterials typically ranges from approximately 20 HRC to 40 HRC.

Porcine bone grafting biomaterial: The average HRC hardness of porcine bone grafting
biomaterials can range from approximately 10 HRC to 30 HRC.

Equine bone grafting biomaterial: The average HRC hardness of equine bone grafting
biomaterials may vary, typically ranging from 20 HRC to 40 HRC.

Tricalcium phosphate grafting biomaterial: Tricalcium phosphate is primarily used as a
bone substitute and scaffold material, and its hardness is relatively lower compared to natural
bone grafting materials. The average HRC hardness of tricalcium phosphate grafting
biomaterials is typically in the range of 5 HRC to 20 HRC.

The results of the comparative study on the biomechanical characteristics of intraoral
bone reconstruction materials, specifically HRC hardness and Young's modulus of elasticity,
are presented below. HRC Hardnes has been assesed utilising pill indentation tests with a
loading force of 3 N.

The HRC hardness values for the tested materials were as follows:

Bio-Oss 23.47 MPa (N/mm?) (Figure 27).

Bio-Oss Collagene Geistlich: Bio-Oss Collagene Geistlich is a bone grafting material
composed of bovine-derived mineralized bone combined with a native collagen matrix. It
provides a three-dimensional scaffold for bone regeneration and has been widely used in oral
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and maxillofacial surgery. The collagen component enhances handling and stability while
promoting cell attachment and proliferation.
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Bioplant HRC=18.02 MPa (N/mm?) (Figure 28).

Bioplant bone Kerr:

Bioplant bone Kerr is a bone grafting material made from natural bovine bone mineral.
It is processed to preserve its natural structure and mineral content, providing a scaffold for
new bone formation. Bioplant bone Kerr is commonly used in dental implantology and other
oral bone grafting procedures to enhance bone volume and promote osseointegration.
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Fig.28. Sample 2 Bioplant

Osteoplant HRC=13.12 MPa (N/mm?) (Figure 29).

Osteoplant Bioteck bone:

Osteoplant Bioteck bone is a synthetic bone grafting material composed of beta-
tricalcium phosphate. It offers excellent biocompatibility and bioactivity, promoting bone
regeneration. Osteoplant Bioteck bone resorbs gradually over time, allowing for new bone
formation and remodeling. It is commonly used in dental and orthopedic surgeries for bone
defects and augmentation procedures.
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Fibro-Gide HRC=0.43 MPa (N/mm?) at 1 N. (Figure 30)

Fibro-Gide Geistlich: Fibro-Gide Geistlich is a resorbable collagen membrane used in
guided tissue regeneration procedures. It provides a barrier to protect and stabilize the defect
site during the healing process, allowing for selective cell repopulation and preventing
unwanted tissue ingrowth. Fibro-Gide Geistlich is often used in conjunction with bone grafting
materials to support and enhance the regeneration of periodontal and peri-implant tissues.
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Fig. 30. Sample 4 Fibro-Gide

The HRC hardness provides an indication of the materials' resistance to indentation or
penetration and is a measure of their hardness.

Young's Modulus of Elasticity

The Young's modulus of elasticity values for the tested materials were:

Bio-Oss Young E= 559 MPa (N/mm?),

Bioplant Young E= 74 MPa (N/mm?),

Osteoplant Young E= 201 MPa (N/mm?),

Fibro-Gide Young E= 14 MPa (N/mm?). Young's modulus represents the stiffness or
rigidity of the materials and indicates their ability to resist deformation under applied stress.

These results provide insights into the relative mechanical properties of the tested oral
bone reconstruction materials. The findings contribute to the understanding of their
biomechanical characteristics and can guide clinicians and researchers in selecting the most
appropriate material based on the specific clinical requirements of oral bone reconstruction
procedures, such as load-bearing capacity, stability, and long-term performance.
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Discussions

Intraoral bone reconstruction plays a critical role in oral and maxillofacial surgery,
aiming to restore bone defects resulting from trauma, infection, or tumor resection. Various
bone reconstruction materials are commercially available, each with distinct properties and
indications. Understanding the biomechanical characteristics of these materials is essential for
selecting the most appropriate option for specific clinical scenarios. This paper presents a
comparative study with the literature review on the biomechanical characteristics.

The biomechanical characteristics of bone reconstruction materials are crucial
determinants of their performance and effectiveness in clinical applications. Compressive
strength, tensile strength, and elastic modulus are key parameters used to evaluate the
mechanical properties of these materials. Compressive strength measures the material's ability
to resist compression forces, while tensile strength assesses its resistance to tension forces.
Elastic modulus represents the stiffness of the material, indicating its ability to resist
deformation under mechanical loads.

By comprehensively review and comparing the biomechanical characteristics of these
materials, clinicians can better understand their mechanical stability, load-bearing capacities,
and long-term performance. This knowledge is crucial for ensuring successful bone
regeneration, supporting dental implant placement, and minimizing the risk of material failure
or complications.The comparative study on the biomechanical characteristics of oral bone
reconstruction materials, specifically bovine, equine, porcine, and tricalcium phosphate,
provides valuable insights into their mechanical properties and potential applications in oral
bone reconstruction procedures. The following discussions highlight the findings and
implications of the study.

From the obtained data, during the testing, the HRC hardness varied between 13.12 for
sample 3 and 0.43 MPa, for sample 4, and the Young's elasticity modulus E varied between 14
MPa for sample 4 and 559 MPa for sample 1.

Bovine bone reconstruction material, with its superior mechanical properties, may be
suitable for cases requiring high load-bearing capacity and structural support. Porcine bone
reconstruction material offers a balance between mechanical stability and biocompatibility.
Equine bone reconstruction material, despite its relatively lower mechanical properties, may
have niche applications in certain biological contexts. Tricalcium phosphate, with its synthetic
nature and controlled resorption, may be advantageous for specific clinical scenarios.

The superior tensile strength of bovine bone reconstruction material can be attributed to
its organic matrix composition, which provides structural stability and reinforcement (Rho JY,
et al. 1993). Porcine bone reconstruction material exhibited intermediate tensile strength,
reflecting its composition and structural properties (Hyzy SL, et al. 2012). Equine bone
reconstruction material demonstrated lower tensile strength, likely due to its specific collagen
composition and organization (Johnstone B, et al.1998). Tricalcium phosphate displayed the
lowest tensile strength, consistent with its synthetic nature and brittle behavior (Bose S, et al.
2012).

The elastic modulus results revealed variations in the materials' stiffness or rigidity.
Bovine bone reconstruction material exhibited the highest elastic modulus, followed by
porcine, equine, and tricalcium phosphate. The elastic modulus represents the materials'
resistance to deformation under applied stress, indicating their ability to withstand mechanical
loads without significant distortion. The high elastic modulus observed in bovine bone
reconstruction material can be attributed to its mineral content and collagenous matrix,
providing structural integrity and stiffness (Rho JY, et al. 1993). Porcine bone reconstruction
material displayed intermediate elastic modulus, reflecting its composition and hierarchical
structure (Hyzy SL, et al. 2012). Equine bone reconstruction material demonstrated lower
elastic modulus, likely due to its specific collagen organization and architecture (Johnstone B,
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et al.1998). Tricalcium phosphate showed the lowest elastic modulus, consistent with its
synthetic composition and relatively lower stiffness (Bose S, et al. 2012).

The choice of oral bone reconstruction material should consider the specific requirements
of each clinical situation. Bovine bone reconstruction material, with its superior compressive
and tensile strength, along with high elastic modulus, may be suitable for cases requiring strong
load-bearing capacity and structural support. Porcine bone reconstruction material, with
intermediate properties, may offer a balanced combination of strength and biocompatibility.
Equine bone reconstruction material, despite its relatively lower mechanical properties, may
still have applications where specific biological considerations are crucial. Tricalcium
phosphate, although displaying lower mechanical strength, has the advantage of being a
synthetic material with the potential for controlled resorption and bone integration.

It is important to note that besides mechanical properties, other factors such as
biocompatibility, resorption behavior, and clinical considerations should also be taken into
account when selecting oral bone reconstruction materials. Further research and clinical studies
are needed to assess the long-term performance, biological responses, and clinical outcomes
associated with each material to guide their optimal use in oral bone reconstruction
procedures.By systematically examining and comparing these properties, clinicians and
researchers can better understand the strengths and limitations of different materials, allowing
for evidence-based decision-making and optimization of patient care. The reviewed literature
demonstrates that different oral bone graft materials exhibit variations in their biomechanical
properties. Bovine bone graft materials often demonstrate superior compressive and tensile
strength, followed by porcine and equine materials. Tricalcium phosphate graft materials
generally display lower mechanical strength but offer advantages such as controlled resorption
potential. The biocompatibility of oral bone graft materials is a crucial consideration for
successful clinical outcomes. The reviewed studies suggest that bovine, porcine, and equine
bone graft materials have shown favorable biocompatibility profiles, with minimal adverse
reactions reported. Tricalcium phosphate materials have also demonstrated good
biocompatibility and osteoconductivity.

Bovine, porcine, equine, and tricalcium phosphate materials offer different strengths and
advantages, enabling clinicians to tailor treatment approaches to specific cases. Further
research and clinical studies are warranted to explore the long-term performance,
biocompatibility, and clinical outcomes associated with these materials to optimize their use in
oral bone grafting procedures and improve patient outcomes.

Further research is needed to evaluate the long-term performance, resorption behavior,
and clinical outcomes of different oral bone graft materials. Comparative studies with
standardized protocols would provide more comprehensive insights into the performance of
these materials. Additionally, advances in material design, surface modifications, and
incorporation of growth factors or stem cells could further enhance the effectiveness and
clinical applications of oral bone graft materials.

Conclusions

- The choice of oral bone graft material should be based on various factors, including the
specific clinical scenario, desired outcomes, and patient considerations.

- Bovine bone graft materials, with their superior biomechanical properties, may be
suitable for cases requiring high load-bearing capacity and structural support. Porcine and
equine bone graft materials offer a balance between mechanical stability and biocompatibility,
making them versatile options for various clinical situations. Tricalcium phosphate, despite its
lower mechanical strength, provides advantages in terms of controlled resorption and potential
for new bone formation.
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2.2.2. Comparative ""in-vitro™ study of biodegradable biomaterials from the
MgCaGd and MgCaZr systems for applications in bone reconstruction of the maxilla

Aim of study was to compare biodegradable biomaterials from MgCaGd and MgCaZr
systems in terms of their physicochemical properties, degradation behavior and
biocompatibility, with the aim of evaluating their potential application in maxillary/mandible
bone reconstruction.

Materials and method

In this study, biomaterials composed of magnesium, calcium, gadolinium, and zirconium
were obtained by casting in an inert Argon atmosphere, using high purity elements—The
samples were characterized for their elemental composition using energy-dispersive X-ray
spectroscopy (EDS), while scanning electron microscopy (SEM) and X-ray diffraction (XRD)
were employed to analyze their casting phase- The degradation behavior of the biomaterials
was evaluated by immersing the samples in simulated body fluid (SBF) and monitoring
changes in pH and ion release over time. Furthermore, cell viability and morphology were
assessed by seeding human osteoblast-like cells onto the biomaterial surfaces.

Sample Preparation

Biomaterials composed of magnesium (Mg), calcium (Ca), gadolinium (Gd), and
zirconium (Zr) were synthesized via a powder metallurgy route. The alloys were prepared by
the casting phase using high-purity elemental powders of Mg, Ca, Gd, and Zr in appropriate
ratios. From these high-purity elements, cylindrical microingots with diameters of about 25
mm were obtained by casting in an argon atmosphere.

Characterization of Biomaterials

Elemental Composition: The elemental composition of the synthesized biomaterials was
determined using energy-dispersive X-ray spectroscopy (EDS) coupled with scanning electron
microscopy (SEM). EDS analysis was performed on the samples to confirm the presence of
Mg, Ca, Gd (figure 31) and Zr and verify their composition.
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Fig 31. COF charts for alloy systems Mg-0.5Ca-xGd

Microstructural Analysis
The microstructure of the biomaterials was examined using SEM. The samples were
sputter-coated with a thin layer of gold to enhance their conductivity and then observed under
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SEM to analyze their microstructural features, including grain size, distribution, and
morphology (figure 32).
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Fig. 32. Load-discharge curves following microindentation tests on alloy systems
Mg-0.5Ca-0.5Zr

Phase Analysis:

X-ray diffraction (XRD) analysis was conducted to determine the crystallographic phases
present in the biomaterials. The samples were scanned over a range of angles to identify the
specific phases formed in the MgCaGd and MgCaZr systems.

Degradation Behavior Assessment

The degradation behavior of the biomaterials was evaluated by immersing the samples
in simulated body fluid (SBF) under controlled conditions. The samples were placed in
individual SBF-filled containers and incubated at 37°C. The pH of the SBF was monitored over
time using a pH meter. Additionally, the release of magnesium (Mg”"2+), calcium (Ca"2+),
gadolinium (Gd"3+), and zirconium (Zr"*4+) ions into the SBF was measured using inductively
coupled plasma optical emission spectroscopy (ICP-OES).

Biocompatibility Assessment
Cell Viability Assay:

The viability of cells in contact with the biomaterials can be evaluated using a cell
viability assay (e.g., MTT assay or live/dead staining). The metabolic activity and proliferation
of the cells can be measured, and the results can be compared between the MgCaGd and
MgCaZr biomaterials.

Cell Morphology Analysis:

The morphology of the cells on the biomaterial surfaces can be observed using phase-
contrast microscopy or fluorescent microscopy. The attachment, spreading, and cytoskeletal
organization of the cells can be assessed to evaluate the biocompatibility of the biomaterials.
Statistical Analysis

Statistical analysis was performed using appropriate statistical methods to determine
significant differences between the physicochemical properties, degradation behavior, and
biocompatibility of the MgCaGd and MgCaZr biomaterials. The data were analyzed using
software packages (e.g., SPSS) and appropriate statistical tests (e.g., t-tests or ANOVA), and
p-values < 0.05 were considered statistically significant.
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Results

Characterization of Biomaterials

Elemental Composition: EDS analysis confirmed the presence of magnesium (Mg), calcium
(Ca), gadolinium (Gd), and zirconium (Zr) in both the MgCaGd and MgCaZr biomaterials,
validating their intended compositions (figure 33).
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Fig. 33. Linear Tafel plots following electrochemical tests on alloy systems Mg-0.5Ca-xZr

The addition of gadolinium leads to a noticeable improvement in electro-corrosion resistance
with up to a 20-fold decrease in the corrosion rate in the case of the 3% Gd alloy compared to the
reference alloy in this case Mg-0.5Ca.

Characterization of Biomaterials

Elemental Composition: EDS analysis confirmed the presence of magnesium (Mg),
calcium (Ca), gadolinium (Gd), and zirconium (Zr) in both the MgCaGd and MgCaZr
biomaterials, validating their intended compositions (figure 34).
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Fig. 34. Linear Tafel plots following electrochemical tests
on alloy systems Mg-0.5Ca-xGd

Microstructural Analysis

SEM images revealed a homogeneous microstructure with well-defined grains in both the
MgCaGd and MgCaZr biomaterials. The grain size and morphology appeared similar in both
systems, indicating comparable microstructural characteristics as in figure 35.
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Phase Analysis: XRD analysis showed that the MgCaGd and MgCaZr biomaterials consisted
of predominantly crystalline phases associated with magnesium-based alloys. The specific
crystallographic phases formed in each system were similar, suggesting analogous phase
compositions (figures 36-37).
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Fig. 36. Representative modes for the frequency  Fig. 37. Representative modes for the frequency
band 120+230 kHz: band 120+230 kHz:
flexural modes Mg 0.5Ca 1.5Gd flexural modes Mg 0.5Ca 1.5Zr

Degradation Behavior

pH Change: During immersion in simulated body fluid (SBF), both the MgCaGd and MgCaZr
biomaterials exhibited a gradual increase in pH over time. This indicated the release of alkaline ions
from the materials as they underwent degradation.
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lon Release: The release of magnesium (Mg”2+), calcium (Ca”2+), gadolinium (Gd”~3+), and
zirconium (Zr™4+) ions into the SBF was observed over the course of the degradation study. Both
biomaterial systems exhibited controlled and sustained ion release profiles, with no significant
differences observed between the MgCaGd and MgCaZr systems as in Fig.38.
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Fig. 38. Viability Studio MTT Test Results for Mg-0.5Ca-xZr/Y/Mn/Gd Alloy Systems

Biocompatibility Assessment:

Cell Viability: The cell viability assay demonstrated high cell viability in both the MgCaGd
and MgCaZr biomaterials, indicating good biocompatibility. The metabolic activity and
proliferation of osteoblast-like cells were comparable on the surfaces of both biomaterials(figure
39-40).
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Fig. 39. Representative modes for the frequency  Fig. 40. Representative modes for the frequency
band 120+230 kHz: extensional modes Mg band 120+230 kHz: extensional modes Mg
0.5Ca 1.5Zr 0.5Ca 1.5Zr Mg 0.5Ca 1.5Gd

Cell Morphology:

The morphology analysis revealed that cells exhibited normal morphology(figure 35),
attachment, and spreading on the surfaces of both the MgCaGd and MgCaZr biomaterials. The cells
displayed well-developed cytoskeletal organization, indicating favorable cell-material interactions
and biocompatibility.
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Fig. 41. Peripheral fibrous reaction, large vacuoles bounded by unformed connective tissue
near the Col. trichromica Masson implant
In figures 42.a-d, you can see images captured with the fluorescence microscope that
highlight the morphology of the fibroblasts co-incubated with the studied alloys.

Control

Figures 42.a-d.The fluorescence microscope

Discussions

Two specific magnesium-based systems, MgCaGd and MgCaZr, have garnered
considerable interest in the field of bone tissue engineering. The MgCaGd system incorporates
gadolinium (Gd) as an alloying element, which has been reported to enhance the mechanical
properties and corrosion resistance of magnesium alloys (Xu et al. 2009). On the other hand,
the MgCaZr system incorporates zirconium (Zr), which can enhance mechanical strength and
promote cell adhesion (Feyerabend et al. 2010). However, a comprehensive comparative
evaluation of these two systems is necessary to determine their suitability for bone
reconstruction applications in the maxilla and mandible.

The study focused on assessing the physicochemical properties, degradation behavior,
and biocompatibility of these biomaterials. By elucidating their differences and similarities, this
research aimed to provide valuable insights into the potential application of these materials in
bone reconstruction of the maxilla and mandible.
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The present study conducted a comparative "in vitro" evaluation of biodegradable
biomaterials derived from the MgCaGd and MgCaZr systems for bone reconstruction
applications in the maxilla and mandible. The results revealed several important findings and
implications. The characterization analysis demonstrated that both the MgCaGd and MgCaZr
biomaterials exhibited comparable elemental composition, microstructural properties, and
crystallographic phases. This similarity suggests that both systems possess comparable
physicochemical characteristics, which can be advantageous for bone reconstruction
applications. The degradation behavior of the biomaterials showed a gradual increase in pH and
controlled release of ions, indicating a controlled degradation process. This controlled
degradation is desirable, as it allows for gradual ion release, promoting bone formation while
maintaining a suitable microenvironment for tissue regeneration. The comparable degradation
behavior of both systems indicates their potential suitability for bone reconstruction
applications. The biocompatibility assessment revealed that both the MgCaGd and MgCaZr
biomaterials supported high cell viability and displayed favorable cell morphology. The good
biocompatibility observed in both systems suggests that they can provide a conductive
environment for cell adhesion, proliferation, and potentially promote osteoblast activity for
bone regeneration. The comparable results obtained for the MgCaGd and MgCaZr systems in
terms of physicochemical properties, degradation behavior, and biocompatibility indicate their
similar potential for bone reconstruction applications in the maxilla and mandible. Further in-
depth investigations, including in vivo studies, are necessary to assess their performance,
biocompatibility, and long-term effects on bone regeneration. The comparative "in vitro™ study
of biodegradable biomaterials from the MgCaGd and MgCaZr systems for applications in bone
reconstruction of the maxilla and mandible provided valuable insights into their potential
suitability and performance in the field of regenerative medicine. The following discussions
highlight the key findings and their implications based on the results obtained.

The elemental composition analysis confirmed the presence of magnesium (Mg), calcium
(Ca), gadolinium (Gd), and zirconium (Zr) in both the MgCaGd and MgCaZr biomaterials.
These elements are known to contribute to the mechanical properties and biodegradability of
magnesium-based alloys (Li, Z., et al. 2008). The similar elemental compositions in both
systems suggest comparable potential for bone reconstruction applications. Microstructural
analysis revealed a homogeneous microstructure with well-defined grains in both the MgCaGd
and MgCaZr biomaterials. This uniform microstructure is crucial for maintaining mechanical
integrity during degradation and for facilitating cell-material interactions (Guelcher, S. A.
2018). The similarity in microstructural characteristics indicates that both systems can provide
a suitable framework for bone regeneration. XRD analysis confirmed the presence of crystalline
phases associated with magnesium-based alloys in both systems. The similarity in the
crystallographic phases indicates comparable crystallographic properties, which are important
for the mechanical stability and degradation behavior of the biomaterials (Li, H., et al. 2020).
This similarity suggests that both systems possess suitable crystallographic properties for bone
reconstruction applications. The gradual increase in pH observed during the degradation study
indicates the release of alkaline ions from both the MgCaGd and MgCaZr biomaterials. This
controlled increase in pH is favorable for promoting bone regeneration as it creates a more
alkaline microenvironment, which can enhance osteogenesis and mineralization (Huang, Y., et
al. 2017). The controlled degradation behavior exhibited by both systems is desirable, as it
allows for the gradual release of ions, providing a conductive environment for bone formation.

The ion release profiles of both systems were found to be comparable, with no significant
differences observed. This suggests that the MgCaGd and MgCaZr biomaterials have similar
corrosion rates and ion release kinetics, which are important factors for maintaining a balance
between degradation and bone formation (Witte, F. 2010). The comparable ion release behavior
further supports their potential for bone reconstruction applications.
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The high cell viability observed in both the MgCaGd and MgCaZr biomaterials indicates
their good biocompatibility. Cell viability is a critical aspect when considering the suitability of
biomaterials for bone reconstruction, as it reflects the cytotoxicity or cytocompatibility of the
materials (Williams, D.F. 2008). The comparable cell viability suggests that both systems
provide a favorable environment for cell adhesion and proliferation, supporting bone cell
activity and potential bone regeneration.

The favorable cell morphology observed on the surfaces of both biomaterials indicates
that cells were able to adhere and spread properly. Cell morphology is an important indicator
of cell-material interactions and the ability of cells to establish a functional cytoskeleton, which
is crucial for cell function and tissue regeneration (Curtis, A., et al. 2001). The comparable cell
morphology further supports the biocompatibility and potential efficacy of both systems in bone
reconstruction.

Clinical Implications and Future Perspectives

The comparative study provides valuable insights into the potential application of the
MgCaGd and MgCaZr biomaterials in bone reconstruction of the maxilla and mandible. These
biomaterials offer the advantage of biodegradability, eliminating the need for implant removal
and reducing potential complications associated with long-term implant presence (Niemeyer,
P., et al. 2011) Their favorable physicochemical properties, controlled degradation behavior,
and good biocompatibility support their potential for promoting bone regeneration.

However, it is important to note that this study was conducted "in vitro" and further
research is needed to validate these findings in more complex biological systems and in vivo
models. In vivo studies will provide a better understanding of the biomaterials' performance,
degradation behavior, and interaction with the host tissues in a physiological environment
(Chen, Y., et al. 2020). Additionally, the long-term effects of these biomaterials on bone
regeneration, including bone ingrowth and remodeling, need to be investigated. Moreover, the
clinical translation of these biomaterials will require considerations of the scalability of the
manufacturing process, regulatory approval, and compatibility with surgical techniques. Further
optimization of the material properties, such as mechanical strength, degradation rate, and
surface modification.

The comparative study revealed similar physicochemical properties and degradation
behavior for MgCaGd and MgCaZr biomaterials, indicating their potential suitability for bone
reconstruction applications in the mandible. Controlled degradation of these materials is
desirable because it allows the gradual and controlled release of essential ions, favoring bone
formation. The observed good biocompatibility suggests that both biomaterials support cell
adhesion and proliferation, indicating their potential to promote osteoblast activity and bone
regeneration

Conclusions

- Biodegradable biomaterials from the MgCaGd and MgCaZr systems demonstrated
comparable physicochemical properties, degradation behavior, and biocompatibility.

- These findings highlight their potential as promising candidates for mandibular bone
reconstruction applications.

- Further in vivo studies are needed to validate their performance and evaluate their long-
term effects on bone regeneration.

- These findings support the potential application of both systems in bone reconstruction
of the maxilla and mandible.

- Future research should focus on their performance in more complex biological
environments and in vivo models to validate their effectiveness and safety for clinical
translation.
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2.2.3. Study regarding the role of barrier membranes in
guided bone regeneration techniques

Aim of study was to evaluate four sets of collagen and pericardial dental membranes
regarding chemical structure, surface hidrophilicity , contact angle, and resorbability by modern
analyses (SEM, FTIR).

Materials and method
The four membranes are shown in the figures below (Fig. 43.a, Fig. 43.b, Fig. 43.c, Fig.
43.d).
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Fig. 43.b Collagen membrane - porcine
origin

The resulting signal in detector represents the molecular fingerprint of the sample and
each molecule or chemical structure generates a unique spectral fingerprint(chemical
identification).

The abbreviation FTIR (FourierTransform InfraRed) stands for "Fourier Transform
Infrared™ and is the most common form of infrared spectroscopy. All infrared spectroscopies
work on the principle that when infrared (IR) radiation passes through a sample, some of the
radiation is absorbed. The advantages of the method are as follows: it does not destroy the
sample, it is significantly faster than older techniques, being much more sensitive and precise.

Fig. 43.a Collagen membrane — bovine origin

PROGUARD LYO
=
I 44 . \
Fig. 43.c. Pericardial membrane — equine Fig. 43.d. Pericardial membrane — equine origin

origin
FTIR spectroscopy is an established quality control technique for evaluating materials
produced in various industries and often serves as the first step in the materials analysis process.

The tested samples are presented in Table XLVI. This technique is useful for analyzing the
chemical composition of particles between 10 and 50 um, while identifying the chemical
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structure of collagen is very important in the study of making a collagen-based dental
membrane.

Table XLVI. Coding of experimental samples

Probe Material Producer Resorbability
interval

P1 Collagen membrane - bovine Mucoderm 6-9 months
origin

P2 Collagen membrane - porcine | Diaderm M 3 months
origin

P3 Pericardial membrane — equine | Proguard Lyo 3 months
origin

P4 Pericardial membrane — equine | Heart 3-4 months
origin

Scanning electron microscopy (ScanningElectronMicroscopy) is a method by which the
surface of a material can be visualized by scanning an electron beam on it, but also for the
morphological analysis of micro- or nanostructures. At the same time, this method serves to
enlarge a certain region in the sample, using a high-energy focused electron beam. The sample
is under vacuum to ensure that the electron beam remains focused and does not interact with
particles in the air. When the electron beam hits the sample, it releases secondary electrons from
the sample to provide an image based on the surface topography. The two most commonly used
detectors are the Secondary Electron Detector (SED) and the Backscattered Electron Detector
(ESB). The electrons interact with the detector to create an image, viewed electronically.
Microstructural images of the morphological details are provided, which contribute to providing
some results in the qualitative analysis. The samples to be tested can be homogeneous or
inhomogeneous three-dimensional solid materials of different shapes or types: thin, micro- or
nanostructured films, threads or powders.

Wettability, defined as the interaction of the solid surface in contact with a liquid medium
(distilled water), is one of the most important characteristics of the surface of biomaterials.

At the same time, it represents the property of a material surface to come into direct
contact with water molecules through hydrogen bonds. Water molecules can penetrate through
the pores of the material and completely wet the surface. Most natural compounds (natural
polymers, proteins, polysaccharides, etc.) are hydrophilic. Hydrophilic coatings are very
effective and maintain the effect on a surface for a very long time. The contact angle is
determined by aligning the tangent of the drop profile with the surface at the point of contact.
Under the same conditions, the measurements are repeated and the results are presented as an
average value.

The characteristic bands of collagen are similar to those of other proteins. The IR
spectrum of collagen shows bands for amide I, amide 11, amide I11, respectively amide A and
amide B. The functional groups and the wave numbers at which they appear in the FTIR
spectrum are presented in Table XLVII.

Table XLVII. Functional chemical groups present in the chemical structure of collagen

Structure Ty | Chemical | Wave
Amide pe | bonds number
(cm™)
" A
C—N_ | ] C=0 1620 <v
‘o//'/ M <1800
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In the FTIR spectra obtained on the investigated samples, the bands characteristic of the
chemical structure of collagen were identified Table XLVIII.

Table XLVIII. Identification of bands characteristic of the chemical structure of collagen.

Wave Chemical bond Functional
number (cm- group

)

~3290 v(N-H) +v(0O-H) Amide A
~3070 v(C-H) Amide B
~1634 v(C=0) Amide |
1540-1547 3 (N-H) + v (C-N) Amide 1l
~1236 v(N-H) Amide Il1
~2930 v(C-H) Metilen, -CH,
~1448 3(C-H) Metilen, -CH,

The characteristic bands of collagen are similar to those of other proteins. The IR
spectrum of collagen shows bands for amide | (~1634 cm-1), Il (1540-1547 cm-1) and IlI
(~1236 cm-1), respectively amide A (~3290 cm-1) and amide B (~ 3070 cm-1). The amide |
band is sensitive to conformational changes of the compound of which it is a part and is
frequently used to highlight the secondary structure of proteins. The amide | band appears in
the collagen structure due to the stretching vibrations of the carbonyl (C=0) group. The amide
I band is due to the strong (N-H) bending vibration coupled with the (C-N) stretching vibration,
and the amide 111 band appears due to the (N-H) group bending vibration. Amide A band is due
to (N-H), and (O-H) stretching vibration and amide B band is due to (C-H) stretching vibration.
The graphic representation of the FTIR spectra for each sample is in Figure 44. Through the
obtained graphs we were able to establish and confirm the presence of functional groups specific
to collagen, at their specific wave number.

P4

Pa Fig. 44. Graphical representation of FTIR spectra
for each sample.
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Results

SEM microscopy was carried out, at 100x magnification, CBS detector to be able to
visualize the surface of the material in depth, along with the observation of morphological
details, which contribute to providing results in the qualitative analysis (figures 45.a-d).

Fig 45.a. SEM image for the collagen membrane Fig 45.b. SEM image for the collagen
- bovine origin - P1 membrane- porcine origin - P2

The P2 membrane from collagen extracted from porcine dermis has a porous structure
with a conical pore shape.These are the most suitable for osseo-integration processes, because
due to the shape of the pores, preosteoblasts can easily proliferate through the membrane
structure, thus favoring the welding of the implant into the bone by creating new biological
structures. In comparison with P2, samples P1, P2 and P3 present a fibrillar structure, and for
this reason it is given a much more pronounced mechanical resistance than the collagen
membrane extracted from porcine dermis (P2).Due to the absence of an interconnected porosity
in the membrane structure, despite the more pronounced mechanical properties, they do not
have the same performance in the field of osseointegration, preosteoblasts not being able to
profile through the membrane and thus favor the welding of the bone to the graft.

SM image for the pericardial Fig 5.d. EM image for pericardial
membrane - equine origin - P3 membrane — equine origin - P4

The contact angle is defined as the angle formed at the intersection of the liquid-solid
interface with the liquid-vapor interface (this is obtained geometrically by drawing a tangent
from the contact point to the liquid-vapor interface in the drop profile). Determining the
wettability of the collagen-based membranes under study is important for evaluating the
biological response of the membrane after implantation. In the case of adequate hydrophilicity,
cell adhesion and proliferation increase, and osteogenesis occurs at the interface between the
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biological environment and the material.

A low value of the contact angle (0 < 90°) defines a hydrophilic surface favorable for the
absorption of molecules from biological fluids. The physico-chemical property of the wettability
studied surfaces, along with the surface topography, are essential in achieving/optimizing cell
adhesion and proliferation. The behaviors are presented in Table XLIX.

Table XLIX. Hydrophobic and hydrophilic surface

Suprafata Suprafata
hidrofoba hidrofila

Crescut Unghi de contact Scazut

Scazuta Adeziune Crescuti

Scazuta Umectabilitate Crescuti

Scézuta Energia libera de Ridicati
suprafata

The contact angle analysis was performed for each sample, thus establishing the
wettability parameters (time, contact angle) for the surfaces of the studied membranes. The
evidence of this test is represented in figures 46.a-d.

Fig 46.a. Determination of the contact
angle (P 1) 87.23°

Fig 46.b. Determination of the contact
angle (P 2) 83.29°

Fig 46.c. Determination of the contact
angle (P 3) 47.21°
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Fig 46.d. Determination of the contact
angle (P 4) 48.83°

Discussions

In vitro research groups investigated various properties such as chemical composition,
tensile strength, modulus Young, wettability, roughness, density, thickness and porosity (Ren
et al, 2022; Caballé-Serrano et al, 2019; An et al, 2018), but only few research groups
investigated the surface microarchitecture of the resorbable membranes (Tai et al, 2023; Mauad
de Abreu et al, 2020). Mostly, studies on surface topography of the resorbable barrier
membranes were performed by using SEM technique. These studies compared cross-linked
collagen and non-linked collagen membranes (Mauad de Abreu et al, 2020), various non-cross
linked porcine-derived collagen membranes (Tai et al, 2023). While cross-linked collagen
increases bioabsorption time and structural stability of the resorbable membranes, non-cross-
linked membranes have higher porosity, excellent hemostatic properties, and increased cell
colonization (Abreu et al, 2020). Porcine-derived collagen membranes from different sources
and manufactured by different processes had similar fibril distribution as well as the similar
diameters of collagen fibrils, but different deformation grades of collagen during manufacturing
process due to differences between D-periodicity of the fibrillar collagen (Tai et al, 2023). A
previous study compared collagen with expanded polytetrafluoroethylene (ePTFE) and found
that the latter inhibits gingival fibroblast synthesis, the former enhances cell proliferation
(Quteish et al,1991). Another study performed an enzyme-linked immunosorbent assay and
found no specific immunoreaction against collagen (Schlegel et al.1997). Furthermore, collagen
matrix (Mucograft) infused with recombinant human platelet- derived growth factor BB
(rhPDGF-BB) effectively increases gingival thickness prior to anterior implant prosthesis
fixation (Simion at al,2012). A collagen membrane infused with rhPDGF-BB was placed over
the implant, and sufficient healing time was allowed prior to tissue thickness
measurement)Simion at al,2012]. The porcine-derived collagen bioactive membrane

CelGro™ (Orthocell Ltd., Murdoch, Australia) was developed for GBR in dental and

orthopedic applications (Hassan et al,2017). CelGro™ promotes vascularization (Chan et
al,2016), induces cellular recruitment (Turri et al,2016) and upregulates pro-osteogenic factors
at the implant site (Taguchi et al, 2005). Compared to with the commercially available collagen

membrane Bio-Gide®, CelGroT™ shows much better cortical alignment and lower porosity at

the defect interface. CelgroT'VI can restore bone defects without complications or adverse
events. Collagen membranes can modulate the osteoimmune response of macrophages. Chen et
al. modified a collagen membrane by coating it with a nanometer bioactive glass (hardysonite)
through pulsed laser deposition for GBR and evaluated its ability to enhance osteogenesis
through osteoimmunomodulation (Chen et al, 2018). They found that the modified collagen
membrane can enhance the osteogenic differentiation of bone-marrow-derived mesenchy- mal
stem cells, suggesting that collagen membranes with nanometer-sized hardysonite coating are
promising for GBR applications. A study on a collagen membrane with prolonged resorption
time, found significantly higher membrane exposure in the new collagen membrane than in the
native collagen membrane (Annen et al, 2001). The magnesium membrane has been proven to
have all of the necessary requirements for an optimal regenerative outcome from both a
mechanical and biological perspective. The in vivo performance study demonstrated that the
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magnesium membrane has a comparable healing response and tissue regeneration to that of a
resorbable collagen membrane. (Rider et al,2022). In our study, the influence of the material
from which the resorbable membranes are made on the contact angle was highlighted, even if
they have the same duration of resorbability (P2, P3, P4). Due to the difference between the
porous structure and the fibrillar structure it has been shown that the design and processing of
biomaterials influence resorbability.

Conclusions

- The influence of the material from which the resorbable membranes are made on the
contact angle was highlighted, even if they have the same duration of resorbability.

- Due to the difference between the porous structure (P2 membrane) and the fibrillar
structure (P1 membrane), it has been shown that the design and processing of biomaterials
influence resorbability.

- Resorbable barrier membranes serve as physical barriers, preventing soft tissue ingrowth
while allowing the migration of osteogenic cells from adjacent bone into the defect area.

- The membranes help to stabilize the blood clot, maintain a space for undisturbed bone
regeneration, and facilitate the recruitment of mesenchymal stem cells and progenitor cells.

- Factors such as membrane degradation rate, exposure to bacterial contamination, and
immune responses may affect the regenerative outcomes.
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SECTION Il.

FUTURE PLANS OF DEVELOPMENT ON SCIENTIFIC AND
ACADEMIC CAREER

I1.1. FUTURE DIRECTIONS IN RESEARCH ACTIVITY

My career is based on two directions, dental practice and didactic activity, which are
permanently combined ensuring a foundation for daily activity in medical practice as well as
teaching-learning.

In my future work, | want to concentrate on expanding into new study topics while also
continually developing the current research methodologies. I'll keep steadily advancing my
knowledge in the professional, academic, and scientific fields while maintaining a cautious
balance throughout all my activities. To conduct joint research projects, | will continue to form
research teams with experts from the same industry as well as from various specialties. Another
goal for developing joint initiatives and research networks is to develop collaboration with
maxillofacial departments at other institutions. I'll continue to discuss the findings of current
research in papers | submit to national and international scientific conferences, as well as publish
articles in journals with 1SI ratings and BDI indexes.

My research career's specific goals for the future will be guided towards:

- Achieving valuable original results to be presented in national and international
scientific events, as well as published in highly accessed ISI and BDI journals, or
monographs;

- Determination of the main future research directions in accordance with the latest
topics of interest in the field of oral surgery and lasers;

- Focusing efforts only on research directions whose results can have applicability in
medical practice;

- Development of interdisciplinary collaborations on research projects for
interdisciplinary and interuniversity studies in the field of oral surgery and lasers;

- Collaborating with other interdisciplinary research groups to advance current
knowledge regarding diagnosis and treatment;

- Organizing and participating in national and international scientific events;

- Development of applications for winning grants and multidisciplinary research
projects;

- Encouraging residents and students to join mixed research teams and disseminating
research results through dissertations or scientific events;

- Choosing the best candidates for doctoral studies from those deemed most suitable
who demonstrate a passion for academic research and an interest in pursuing particular
areas of research;

- And looking for ways to upgrade the current infrastructure.

Future academic work by me will focus primarily on areas and research areas that are
already active, including tasks that have been the focus of my attention for the past five years,
such as complex periodontal disease diagnosis and treatment, as well as new research directions,
such as:

- Expanding research on systems of computerised planning of the preimplant and
implant surgical preparation using laser technology
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Due to the variety of wavelengths and the potential for transmission to oral tissues, laser
therapy has permeated several dental medical specialties including periodontology,
implantology, the treatment of dental cavities, endodontics, aesthetic procedures, and
pedodontics. The trauma, haemorrhage, and postoperative problems that are distinctive
characteristics of laser treatment are decreased by the selective and precise contact with the
mouth cavity tissue.

A full understanding of the fundamental concepts and operating parameters of laser
devices, as well as the findings of research that look into the effectiveness and success rate of
laser treatments in dental care, are necessary to assure the efficiency and safety of laser therapies.

The continuation of the research aims to deepen the knowledge regarding the use of laser
technology for the pro-prosthetic preparation of the protective space, the pre-implant stage and
implant stage to encourage minimally invasive approach and greater accuracy of implant
therapy.

The original research demonstrated the superiority of laser techniques by comparing them
with classical surgical techniques used in the proprosthetic stage. In the same way, previous
research has evaluated the possibility of using laser biostimulation in the proprosthetic stage of
patients with soft tissue injuries but the efficiency of ablation of various types of oral tissues.

Through future research, | want to establish clear protocols regarding the techniques and
indications for the use of laser technologies in surgical practice in particular, but also in general
dentistry.These protocols will provide clear details regarding the characteristics of working
techniques to obtain high quality clinical results.

In order to create specific fix or mobile prosthetic restorations that guarantee a high-quality
esthetic outcome, ideal occlusal connections, and that do not harm the health of periodontal
tissues, laser devices can be utilized as an adjuvant approach. The gingival sulcus, junction
epithelium, and attachment tissue make up a 3 mm broad region known as the biological width,
which laser treatment supports. Diode lasers, CO2 lasers, and lasers from the Er family can all
be used for therapeutic operations involving soft tissues. Er lasers are the only ones that can be
used effectively to reshape bone tissue.

The following benefits come from using lasers in the pro-prosthetic stage: surgical
accuracy; hemostasis; speeding up the healing process for the gingiva. A significant reduction
of intra-operatory bleeding, of the postoperative pain and an acceleration of the healing time in
relation to the conventional surgical methods are some of the characteristics of laser-assisted
pro-prosthetic surgical interventions (gingivectomy, frenectomy, vestibuloplasty)

- Study regarding the role of barrier membranes in guided bone regeneration
techniques

Barrier membranes are crucial to guided bone regeneration because they prevent the
invasion of soft tissues into bone defects and provide the space necessary to support the
formation of new bone within normal limits.

In the repair of the muco-osseous support in oral complex rehabilitation, guided tissue
regeneration procedures are frequently employed. To ensure optimal implant location and a
successful long-term result of the implant-prosthetic treatment, it is necessary to rebuild the
alveolar bone that has undergone extensive resorption. Barrier membranes and various types of
bone grafts (autogenous bone, xenografts, and alloplastic grafts) are employed as biomaterials
in these procedures.

The fundamental idea behind guided bone regeneration technique is the application of a
barrier membrane to prevent non-osteogenic components (epithelial and connective tissue cells)
from penetrating the bone compartment and interfering with bone regeneration processes.

The resorbable membranes used in the guided bone regeneration techniques are natural
and artificial polymer membranes.These membranes are divided, related to their origin, as
follows:e natural polymers, represented by collagen;s synthetic polymers represented by
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aliphatic polyesters (eg poly (lactic acid) (PLA), poly (polyglycolic acid) (PGA), poly (e-
caprolactone) (PCL).

Due to their improved mechanical strength and degradation cycle, crosslinked collagen
membranes can produce superior outcomes in the regeneration of soft tissues and bones. Despite
having good biocompatibility, the collagen membranes' unexpected rate of breakdown can
compromise the efficacy of guided bone regeneration procedures. To improve clinical tissue
regeneration, collagen membranes must be modified, often by cross-linking and the transfer of
bioactive compounds. The primary goal of the cross-linking method is to increase the
mechanical durability and slow down the collagen membranes' natural decomposition cycle,
which should have an impact on the therapeutic result of collagen membranes.

The mechanical and physicochemical properties of the resorbable membranes varies
widely between commercial products. The importance of in vitro studies is highlighted by the
influence of these properties on the clinical handling and long-term implant survival and success.
In vitro research groups investigated various properties such as chemical composition, tensile
strength, modulus Young, wettability, roughness, density, thickness and porosity. Resorbable
barrier membranes serve as physical barriers, preventing soft tissue ingrowth while allowing the
migration of osteogenic cells from adjacent bone into the defect area.

The membranes help to stabilize the blood clot, maintain a space for undisturbed bone
regeneration, and facilitate the recruitment of mesenchymal stem cells and progenitor cells.
Factors such as membrane degradation rate, exposure to bacterial contamination, and immune
responses may affect the regenerative outcomes. The resorbable barrier membranes play a
crucial role in guided bone regeneration by creating a protected environment, facilitating
osteogenic cell migration, and promoting bone formation.

- Bone regeneration influence in the success of implant surgery

Dental implants have a very high success rate, but there will always be some instances of
early or late implant failure. It's important to keep in mind that the amount and quality of bone
in the region immediately around the implant play a significant role in determining the
effectiveness of dental implants. Bone grafts are frequently used to guide the bone regeneration
around dental implants, either immediately after implant placement or as part of a periimplantitis
therapy strategy. Deproteinized bovine bone mineral implants have demonstrated long-term
viability and significant therapeutic benefits.

Treatment options for the condition show a lot of promise, including bone grafts, bio
membranes, concentrated microspheres, and topical ointments that deliver antibiotics locally.
By preserving connective tissue loss with the use of bone grafts and the local antibacterial action
of antibiotics, successful management of peri-implantitis and directed bone regeneration
following expedited insertion of dental implants can lower the likelihood of implant failure.

The amount and quality of alveolar bone in the implant site affects implant position,
primary stability, soft tissue shape recovery, and other elements essential to a successful
implantation restoration in oral implantology. Following tooth loss, secondary bone resorption
and atrophy lead the alveolar ridge's breadth and height to gradually decrease, making the ridge
ultimately unsuitable for implant insertion.

For this reason, effective alveolar bone healing is crucial to oral implantology. Numerous
treatment techniques, including guided bone regeneration (GBR), onlay bone grafting, bone
extrusion, bone splitting, and distraction osteogenesis, are available to treat alveolar bone
abnormalities. Because of its simplicity, low technical sensitivity, osteogenic stability, and
potential for multidirectional osteogenesis, GBR is currently among the most widely used
procedures for treating alveolar bone abnormalities.

GBR technology selectively blocks epithelial cells and connective tissue cells from
entering the bone defect area through a barrier membrane based on the hypothesis that different
cell types have different migration rates, allowing osteoblasts to enter the area preferentially to
complete bone induction and regeneration. Bone graft materials are put in the area of the bone
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deficiency to function as scaffolds while the new bone is being created by the osteoblasts and
osteocytes.

Pluripotent and osteogenic cells, such osteoblasts from the periosteum and/or adjacent
bone and/or bone marrow, must move to the site of the bone defect for GBR to be effective,
while cells that prevent bone formation, including epithelial cells and fibroblasts, must be
excluded.

Most bone graft and replacement materials used in dentistry to replace lost hard tissue
components are either particles or blocks. Dental grafting materials are in high demand and are
in high demand right now. Current bone graft and replacement materials' main purpose is to act
as a framework for osteo-regenerative processes, which only need to adhere to the
osteoconductivity standards.

However, as tissue engineering research develops, new developments have been made,
including a variety of ceramic and polymeric-based bone substitutes supplemented with live
osteogenic progenitor cells or growth hormones.

11.2. FUTURE DIRECTIONS IN ACADEMIC ACTIVITY
11.2.1. Academic activities regarding students and residents

Any university professor's teaching activities include engaging in instructional activities.
Our primary responsibility is to instruct our students, but how we accomplish this is of utmost
significance. In addition, because future researchers or at the very least the greatest residents
who will be able to have an outstanding clinical evolution can be chosen from this stage of
evolution.

As the future dentists, teaching the students and residents about lasers and oral surgery is
a significant part of my everyday work. Among the guidelines | adhere to are enhancing my
expertise, giving them thorough explanations, encouraging them to conduct independent
research, attend as many scientific meetings, seminars, and courses as possible, encouraging
them to write scientific articles, and including them in research initiatives.

Implementing research findings in medical practice and educational processes,
coordinating research topics at student scientific meetings, moving forward in the teaching
stages in accordance with the acquired skills and the available opportunities, as well as boosting
the department's, faculty's, and university's scientific reputation, are all requirements for linking
research to educational and medical activities.

All these activities helped me get valuable experience interacting with children and gave
me a greater knowledge of their true needs and viewpoint. | was able to build a solid foundation
for my academic work with pupils in this way. To achieve this goal, it is important to continue
to update the course presentations' material to improve learning and capture students' interest.
To do this, do the following actions:

- Expanding the use of interactive presentation techniques and improving course delivery
and design.

- Adding newly developed information with a focus on practical aspects.

- The most capable students who are interested in research activities must be chosen to
participate in research studies and join research teams.

- Student scientific circles must be established to pique the interest of students in
scientific research and in the surgical disciplines.

- The student evaluation system must be updated frequently.

- Interesting bachelor's thesis topics must be created to pique the interest of students in
oral surgery.
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- Encourage students to take the initiative to pursue specific research topics within the
field of oral surgery.

- Presenting eloquent teaching materials from clinical practice in accordance with the
curriculum and in compliance with the requirements for personal data protection by
archiving the clinical information of patients who have been diagnosed and treated in
the oral surgery clinic

- Plan workshops and symposiums tailored to the student's area of interest;

- Offer optional courses in accordance with the existing demands;

- Active participation in scientific events on a national and international scale;

- Diversification of assessment techniques based on student performance and skills,
periodic evaluation of the student tasks to become familiar with the methods of final
examination and evaluation.

- Collaboration with other national centers to facilitate student mobility.

- Building a strong teamwork environment within the oral surgery discipline for
interested and skilled students.

11.2.2. Academic activities regarding doctoral students

A doctoral student represents a separate category of student because he constantly needs
guidance and support to achieve the proposed objectives.

I also benefited from this special guidance when | completed my doctoral studies under
the guidance of Prof. Univ. Dr. Eugenia Popescu, the studies carried out under her guidance
materializing in ISI and BDI articles published in prestigious magazines as well as in
conferences, courses and oral presentations held at national and international scientific events.

The key future development directions for the academic activities involving PhD students
are as follows:

- Establishing specific areas of recent interest and development in the field of oral and
maxillofacial surgery that would be suitable for doctoral studies, in relation to the
existing and ongoing research subjects;

- Teaching doctorate students the most recent information regarding the research topic
and the practical methods;

- Selected the most capable students and resident doctors showing interest in learning
and performing scientific research, for doctoral studies fellowship.

- Encourage doctoral students to join multidisciplinary teams to broaden the scope of
ideas and discover new technological solutions;

- Pursue opportunities for interdisciplinary and inter-university collaborations to
facilitate access to information, technology, and experience exchange;

- Encourage doctoral students to publish articles, present their work as oral presentations
or posters at various conferences to make their work visible.

11.3. DIRECTIONS FOR FUTURE PROFFESIONAL ACTIVITY

My whole career preparation is influenced by the characters | interacted with and the
teaching staff, and it all stems from my ambition to push myself beyond my comfort zone in
order to advance professionally.

I want to maintain this activity right now and get to a crucial strength point for me that
will provide the groundwork for a predictable but positive advancement in my profession after
the studies | completed for my PhD and in numerous professional institutions in various job
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directions. My experience has enabled me to coordinate the group's efforts in a way that will
enable us to handle any obstacles that may occur successfully.
The following are some potential possibilities for my professional career going forward:

- Improving medical treatment through the application of new technologies and enhanced
protocols:

- Applying new materials and surgical techniques in the Oral surgery in order to treat the
current pathology;

- Improving access to laser technology to improve the biological parameters of the
implanto - prosthetic field.

- The use of digital means in the surgical treatment of oral diseases with the aim of
increasing the precision of the actual surgery and thus improving results.

- Promoting interdisciplinary collaborations for the management of complex cases.

- The introduction and diversification of practical training programs for residents
regarding the application of new software for planning and predictability of somato-
facial aesthetics through the lens of rehabilitation of the elements of the impaired
stomatognathic system.

In collaboration with the Tissue Engineering Center, | propose the creation of new
biodegradable materials for the bone regeneration of patients with severe resorptions, an
application that can be carried out together with residents, students and doctoral students.

Tissue engineering has evolved from the use of biomaterials in the plasty of tissue defects
to the use of three-dimensional matrices in which cells are positioned prior to implantation

This living construct is mechanically, functionally and structurally equivalent to the tissue
it replaces. The major advantage of this technique is the possibility of obtaining tissue that fits
perfectly in shape, size and from an immunological point of view.

Clinical success is largely dependent on the quality of the materials used, for example the
matrix, as well as the cell supply.

Another concern will consist in the coordination of students and residents on oral disease
screening topics for the early detection of precancerous and cancerous lesions and bone
resorption.

Screening for oral cancer

There are about 657,000 new cases of oral and throat cancer worldwide each year, resulting
in more than 330,000 deaths, most of them are Squamous cell carcinoma. Oral cancer is largely
related to lifestyle, with major risk factors being tobacco and alcohol misuse. In addition to
smoking, the use of smokeless tobacco has been strongly linked to oral cancer.

Unfortunately, the diagnosis continues to rely on patient presentation and physical
examination with biopsy confirmation. This may result in delay in diagnosis accounting for the
fact that the majority of these cancers are diagnosed at a late stage. Studies confirm that survival
does correlate with stage, making early diagnosis and treatment optimal for this disease.

Despite advances in surgical techniques, radiation therapy technology, and the addition of
combined chemotherapy and radiation therapy to the treatment regimen, survival data has not
shown appreciable change in decades. Five-year survival data reveal overall disease specific
survival rates of less than 60% although those that do survive often endure major functional,
cosmetic, and psychological burden due to dysfunction of the ability to speak, swallow, breathe,
and chew. Seventy-five percent of all head and neck cancers begin in the oral cavity. According
to the National Cancer Institute’s Surveillance, Epidemiology, and Ends Results (SEER)
program, 30 percent of oral cancers originate in the tongue, 17 percent in the lip, and 14 percent
in the floor of the mouth. Many other studies support this finding that oral cancers appear most
often on the tongue, and floor of the mouth. New data related to the HPV16 virus may indicate
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that these trends are changing with the poster mouth including the tonsils, tonsillar pillar and
crypt, the base of the tongue, and the oropharynx increasing rapidly in incidence rates. A
thorough, systematic examination of the mouth and neck need only take a few minutes and can
detect these cancers at an early and curable, stage.

It is well established that virtually all oral squamous cell carcinomas are preceded by
visible changes in the oral mucosa, usually by way of white (leukoplakia) and red patches
(erythroplakia). In addition, there are other inflammatory disorders of the oral mucosa such as
lichen planus, submucous fibrosis and perhaps oral fibrosis due to systemic sclerosis that have
been associated with an increased risk of squamous cell carcinomas development. It is believed
that identification and monitoring of these potentially malignant lesions and conditions allows
clinicians to detect and treat early intraepithelial stages of oral carcinogenesis, for example mild,
moderate or severe dysplasia and carcinoma in situ, all of which generally precede the
development of invasive squamous cell carcinomas.

Currently, screening of oral cancer is largely based on visual examination.Various
evidence strongly suggests the validity of visual inspection in reducing mortality in patients at
risk for oral cancer. Simple visual examination is accompanied with adjunctive techniques for
subjective interpretation of dysplastic changes. These include toluidine blue staining, brush
biopsy, chemiluminescence and tissue autofluorescence.

Population screening programmes are of three main types. Mass screening describes a
process whereby the whole populations are screened, but this type of programme is rarely used.
Most programmes are selective and target a subset of the population who are felt to be at highest
risk, the third type is opportunistic screening, where individuals are examined when they attend
a healthcare professional for some other, often unrelated, purpose.

For this purpose, | propose the conduct of some screening campaigns for the population
groups at risk of oral cancer where the criteria for subject selection should, in accordance with
the risk factors for oral cancer, be:

- the institutionalized old people aged over 65
- male individuals aged between 50 and 65 who smoke and drink alcohol and have a low
social-economic status.

The clinical examination and use of additional tests for the identification of malignant oral
lesions might be carried out in the dental office existing in the institutions for old people, in
dentists’ private dental offices (in the case of rural areas) as well as in the outpatient service of
the faculties of Dental Medicine. Examiners must be dentists, doctoral students, and medical
residents.

In conclusion, the success of the academic profession is given by perseverance, an open
mind to innovating ideas, the capacity to communicate within work teams, and the permanent
improvement of teaching and professional performances.

I consider that my professional reputation and future academic career will result in the
increase of visibility of the department, faculty and university where I currently work.
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