Nume Prenume: Bors Andrea Izabella

Gradul didactic: Sef lucrari

LISTA

lucrarilor stiintifice in domeniul disciplinelor din postul didactic

A. Teza de doctorat:
Titlu: Cercetari privind eroziunea dentard, aspecte etiologice, epidemiologice si profilactice;

Anul sustinerii: 2013;

Conducator stiintific: Prof. Univ. Dr. Székely Melinda;

Diploma de Doctor nr. 218/26.11.2013, Universitatea de Medicina si Farmacie Tirgu Mures; Ordinul
Ministrului Educatiei Nationale nr. 3930 MD/20.06.2013.

B.

Carti si capitole in carti publicate

Beresescu FG., Mucenic SG., Bors Al. Edentulism and Systemic Disease: A Comprehensive
Review of Oral-Systemic Health Interactions. In: Ardelean L.C., Rusu L.-C. (eds.), Dentures
Present State-of-the-Art and Future Perspectives, IntechOpen, 2025. DOI:
10.5772/intechopen.1010996.

Bors A, Székely M, Molnar-Varlam C, Camarasan A. Technology of Single Unit Dental
Prostheses, University Press, Tirgu-Mures, 2022, 162 pag., ISBN 978-973-169-755-0.

Székely M, Bors A, Molnar-Varlam C. Dental Materials — Course for Students. Litografia
UMEFST G.E. Palade din Targu Mures, 2019;

Székely M, Bors A. Morphology of Teeth and Dental Arches — Course for Students. Litografia
UMEFST din Targu Mures, 2019;

Molnar Varlam C, Bica C, Bors A. Materiale dentare folosite in stomatologia pediatrica.
Editura University Press, Tirgu Mures, 2016, ISBN 978-973-169-450-4;

Molnar-Varlam C, Grozescu V, Bors A. Proteze dentare fixe: aspecte clinico-tehnice. Editura
University Press, Tirgu Mures, 2016, ISBN 978-973-169-449-8;

Bors A, Székely M, Molnar-Varlam C. Tehnici adezive moderne in medicina dentard, Editura
University Press, Tirgu-Mures, 2015, 104 pagini, ISBN 978-973-169-381-1.

Bors A., Székely M. Eroziunea dentarda: diagnostic, etiologie si profilaxie,
Editura University Press, Tirgu-Mures, 2014, 168 pagini, ISBN 978-973-169-302-6.

Articole ISI



. Bors A., Székely M., Beresescu L., Maier A., Beresescu F. Patient Satisfaction and Perception
with Digital Complete Dentures Compared to Conventional Complete Dentures—A Pilot Study.
Dent. J., 2025, 13, 291. d0i:10.3390/dj13070291. Q1, FI 3.1

. Bors A., Mucenic S., Monea A., Ormenisan A., Beresescu G. From Conventional to Smart
Prosthetics: Redefining Complete Denture Therapy Through Technology and Regenerative
Science. Medicina, 2025, 61, 1104. doi:10.3390/medicina61061104. Q1, FI 2.4

. Bors A. Fourier-Transform Infrared Spectroscopy Analysis of 3D-Printed Dental Resins
Reinforced with Yttria-Stabilized Zirconia Nanoparticles. Dent. J., 2025, 13, 272.
doi:10.3390/dj13060272. Q1, FI 3.1

. Bors A., Beresescu F.G., Székely M. Longitudinal Assessment of Dental Erosion in a Romanian
Cohort of Young Adults: A Ten-Year Follow-Up Pilot Study. Dent. J., 2025, 13, 302.
doi:10.3390/dj13070302. Q1, FI 3.1

. Bors A., Székely M., Bardocz-Veres Z., Corneschi I., Ciocoiu R., Antoniac A., Endchescu C.I.
Microstructure and mechanical properties of novel 3D-printed resin reinforced with modified
YSZ nanoparticles. University Series B — Chemistry and Materials Science, 2024, 86(4), 97-112.
Q4,F105

Margaritis V., Alaraudanjoki V., Laitala M.L., Anttonen V., Bors A*., Székely M., Alifragki P.,
Jasz M., Berze ., Hermann P., Harding M. Multicenter study to develop and validate a risk
assessment tool as part of composite scoring system for erosive tooth wear. Clinical Oral
Investigations, 2021, 25(5), 2745-2756. doi:10.1007/s00784-020-03589-7. Q1, FI 3.573

Dorner K., Kerekes-Méthé B., Kis M., Bors A., Molnar-Varlam C., Nimigean R., Nimigean V.,
Székely M. Quality Control of Emergency Dental Care in Mures County. Revista de Chimie,
2019, 70(12), 4169-4174. F1 1.755. Q4

. Dorner K., Kerekes-Méthé B., Bors A., Nimigean R., Székely M. Patients Attendance for
Emergency Dental Services in Mures County. Revista de Chimie, 2018, 69(8), 2115-2120. Q4,
F10.41



9. Birta O., Bica C., Farkas H., Kerekes-Méthé B., Bors A., Székely M. The Impact of Phosphoric
Acid on Calcium Content of Dental Enamel — in vitro Examination. Revista de Chimie, 2017,
68(9), 2066-2069. Q4, FI 0.956

10. Bors A., Cotrut C., Antoniac A., Székely M. Surface analysis of contemporary aesthetic dental
filling materials after storage in erosive conditions. Materiale Plastice, 2016, 53(4). Q4, F1 0.778

D. Articole in reviste indexate BDI

1. Bors A., Kerekes-Mathé B., Beresescu G. Erosive Impact of Acidic “Healthy” Beverages on
Dental Enamel: A Systematic Review (2013-2025). Journal of Interdisciplinary Medicine, 2025.
d0i:10.1515/jim-2025-0001.

2. Bors A., Bardocz-Veres Z., Kerekes-Méathé B., Székely M. Comparative study on the hardness of
novel 3D-printed resin reinforced with different concentrations of modified yttria-stabilized zirconia
nanoparticles. Journal of Interdisciplinary Medicine, 2024, 9(1), 1-7. doi:10.1515/jim-2024-0017.

3. Bors A., Székely M., Molnar-Varlam C., Antoniac V. Bioactivity of retrograde dental root filling
materials. Key Engineering Materials, 2016, 695, 236-242.
doi:10.4028/www.scientific.net/KEM.695.236.

4. Székely M., Bors A., Kerekes-Mathé B., Balazs C.M., Ignat D., Matekovits G. Sarcinile speciale
ale asistentei de medicina dentara in reabilitarea orald a bolnavilor cu astm bronsic. Partea a XXIII-a.
Dental Target, 2016, 2(11), 45-47.

5. Bors A., Székely M., Ponta O., Antoniac I. Erosion effects on morphology and chemical
composition of direct dental restoratives. Key Engineering Materials, 2015, 638, 286-295.
doi:10.4028/www.scientific.net/ KEM.638.286.

6. Bors A., Székely M. Effect of soft drinks on dental enamel — in vitro study. Dental Target, 2015,
3(36), 42-44.

7. Székely M., Bors A., Csik-Maticu G., Matekovits G. Temporo-mandibular joint: morpho-
physiology and pathology. Practical guide for dental nurses. Dental Target, 2015, 3(36), 45-47.

8. Székely M., Bors A., Kerekes-Mathé B., Csik-Maticu G., Ignat D., Matekovits G. Sarcinile
speciale ale asistentei de medicina dentara in reabilitarea orald a bolnavilor cu astm bronsic. Dental
Target, 2015, 11(2), 44-46.

9. Székely M., Bors A., Kerekes-Mathé B., Csik-Maticu G., Matekovits G. Pain in the oral-facial
region: guide for dental nurses. Dental Target, 2015, 4(37), 44-46.

10. Bors A., Molnar-Varlam C., Birta O., Székely M. Erosive wear resistance of direct restorative
materials — an in vitro study. International Journal of Medical Dentistry, 2014, 4(4), 278-285.


http://www.scientific.net/KEM.695.236

11. Bors A., Molnar-Varlam C., Székely M. The behavior of composites, glass-ionomers and
compomers in erosive conditions — in vitro study. Acta Medica Marisiensis, 2014, 60(5), 200-203.
doi:10.2478/amma-2014-0042.

12. Kerekes-Méathé B., Fazakas Z., Székely M., Bors A., Camarasan A., Mucenic S. Association
between tooth agenesis and polymorphisms of FGFR1, IRF6, MSX1 and PAX9 genes in patients
from Tirgu-Mures. Acta Medica Marisiensis, 2012, 58(1), 20-24.

13. Camarasan A., Székely M., Bors A., Mucenic S., Kerekes-Méathé B., Cerghizan D. Use of
dentifrices and fluoride supplements by preschool children — a pilot study. Acta Medica Marisiensis,
2012, 58, 15-17.

14. Benedek (Bukhari) C., Kerekes-Mathé B., Bors A., Kovacs M., Pop M., Fazakas Z., Székely M.
Smoking-related habits and attitudes of dental students. Acta Medica Marisiensis, 2012, 58(5), 266—
271.

15. Mucenic S., Beresescu G., Bors A., Camarasan A., Molnar-Varlam C., Kerekes-Méathé B.,
Székely M. Clinical study regarding the association between some etiological factors and tooth wear.
Acta Medica Marisiensis, 2011.

16. Bors A., Farkas Z., Molnar-Varlam C., Camaragan A. Quantifying human enamel erosion caused
by freshly squeezed juices. Acta Medica Marisiensis, 2011.

17. Bors A., Molnar-Varlam C., Camarasan A., Mucenic S. Assessment of erosive potential of
different beverages marketed in Targu-Mures on dental enamel: an in vitro study. Acta Medica
Marisiensis, 2010, 56(3), 255-257.

18. Camarasan A., Fazakas Z., Bors A., Mucenic S. Study regarding the relationship between the
infusion time and fluoride content in different teas. Acta Medica Marisiensis, 2010.

Abstracte

1. Bors A, Székely M, Molnar-Varlam C. Epidemiological survey of the prevalence of gingival
recession in Tirgu-Mures, Romania. Community Dental Health 2018; 35 (S51), doi:10.1922, IF:
0.956, 23th EADPH Congress.

2. Székely M., Bors A., Fazakas Z., Molnar-Varlam C. Erosive Tooth Wear Survey in Romania as
Part of a Multi-Centre Study. Community Dental Health, 2018, 35(S49). FI 0.956. Abstract — 23rd
EADPH Congress.

3. Szekely M, Dorner K, Nagy M, Bors A. Public Emergency Dental Care Usage of Adults in Tirgu-
Mures, Romania. Community Dental Health 2017; 34 (3), S20-21, doi: :10.1922, IF: 0.871, 22th
EADPH Congress.

Selectie cu maximum 20 lucrari in volume de conferinte



10.

11.

12.

13.

. Bors A, Székely M, Molnar-Varlam C. Epidemiological survey of the prevalence of gingival
recession in Tirgu-Mures, Romania. Community Dental Health 2018; 35 (S51), doi:10.1922, IF:
0.956, 23th EADPH Congress.

Székely M., Bors A., Fazakas Z., Molnar-Varlam C. Erosive Tooth Wear Survey in Romania as
Part of a Multi-Centre Study. Community Dental Health, 2018, 35(S49). FI 0.956. Abstract —
23rd EADPH Congress.

Szekely M, Dorner K, Nagy M, Bors A. Public Emergency Dental Care Usage of Adults in
Tirgu-Mures, Romania. Community Dental Health 2017; 34 (3), S20-21, doi: :10.1922, IF:
0.871, 22th EADPH Congress.

Bors A, Székely M, Molnar-Varlam C. Surface degradation of monolitic zirconia after exposure
to acidic environment. Acta Medica Marisiensis Book of abstracts. 2018;1:16, Days of
University of Medicine, Pharmacy, Science and Technology of Targu Mures, ISSN 2602-1609

Szekely M, Franko E, Molnar-Varlam C, Bors A, Kerekes-Mathe B. In vitro evaluation of
mircoleakage in dental restorationsof nano-hybrid composite with flowable composite liner.
Bioremed 2017. Book of abstracts. 2017;1:167, ISSN 2601-0372.

Székely M, Beresescu G, Bors A, Molnar-Varlam C: Influence of root canal morphology on the
endodontic treatments, Scientific Sesion of University Educational Staff, 13 December 2017,
Acta Medica Marisiensis Book of Abstracts, 2017, vol.63(suppl.4): 20; ISSN-L 2068-3324,
ISBN 2068-3324.

Salahub V, Bors A, Susan AM, Molnar-Varlam C. The dimensional stability of elastomers:
when, how and especiallly why? ActaMedicaMarisiensis 2016;62(suppl 4):83, ISSN 2068-3324.
Bors A, Szekely M, Molnar-Varlam C, Antoniac I. Bioactivity of retrograde dental root filling
materilas. Bioremed 2015. 17-20 September 2015, Felix-Oradea, Romania. International
Seminar on Biomaterials&Regenerative:120, ISSN 2457-7758.

Bors A, Szekely M, Molnar-Varlam C, Restorative therapy of eroded anterior teeth: efficacy
after one year. Bioremed 2015. 17-20 September 2015, Felix-Oradea, Romania. International
Seminar on Biomaterials&Regenerative:121, ISSN 2457-7758

Bors A, Székely M, Molnar-Varlam C, Ponta O, Antoniac I. Effect of erosive conditions on
aesthetic dental filling materials — in vitro study. Clujul Medical 2015;88(suppl 1):26, ISSN:
1222-21109.

TiplicaS , Molnar-Varlam C, Bors A. Polymerization shrinkage of light initiated tooth colored
dental filling materials. ActaMedicaMarisiensis 2015;16(suppl 2):79, ISSN 2068-3324.

Szolon T, Bors A, Molnar-Varlam C. The hydro-alginate  impression:
why?ActaMedicaMarisiensis 2015;16(suppl 2):78, ISSN 2068-3324.

Bors A, Szekely M, Ponta O, Antoniac I. Direct tooth colored restoratives behavior in erosive
conditions. BiomMedD’2014. 17-20 September 2014, Constanta, Romania. Book of
Abstracts:121, ISSN 2069-0193.



14. Bors A, Molnar-Varlam C, Birta O, Székely M. In vitro study on erosive wear resistance of
dental materials. BiomMedD’2014. 17-20 September 2014, Constanta, Romania. Book of
Abstracts:197, ISSN 2069-0193.

15. Bors A, Molnar-Varlam C, Székely M. Prevalence of Dental Erosion among Young Swimmers:
a pilot study. ActaMedicaMarisiensis 2014;60 (suppl 4):14, ISSN: 2247-6113.

16. Molnar-Varlam C, Kerekes-Mathe B, Lazar L, Hadad M, Chifor A, lancu D-G, Bors A.
Students’ Perception on the E-learning Platform-Evidence from the Faculty of Dentistry, UMF
Tirgu Mures. ActaMedicaMarisiensis 2014;60 (suppl 4):14, ISSN: 2247-6113.

17. Szekely M, Fazakas Z, Camarasan A, Bors A. SalivaryFluorideLevelsafterthe Use of Different
Toothpastes.ActaMedicaMarisiensis 2014;60 (suppl 4):14, ISSN: 2247-6113.

E. Brevete obtinute in intreaga activitate
Bors Andrea Izabella. Metoda de determinare a eroziunii dentare. RO BOPI 12/2021 din

30.12.2021. 135354 A051 A61B5/00 G01B21/30

F. Granturi / proiecte castigate prin competitie

1. Competitie interna castigatd pentru proiectul Rdsina compozita bioactiva modificata cu
pulobere de zirconiu, o noud abordare in medicina dentara restaurativa organizat de UMFST
GE Palade Tg Mures contract nr. 10127/18/17.12.2020, director de proiect

2. Competitie interna castigatd pentru proiectul cu titlul Cercetari privind eroziunea dentara:
aspecteetiologice si curativo-profilactice, organizat de Universitatea de Medicina si Farmacie
Targu Mures, contract nr.5/30.01.2013, director de proiect

Data: Semnatura

15.01.2026.

E. Carti si capitole in carti publicate



1. Beresescu FG., Mucenic SG., Bors Al. Edentulism and Systemic Disease: A Comprehensive
Review of Oral-Systemic Health Interactions. In: Ardelean L.C., Rusu L.-C. (eds.), Dentures
Present State-of-the-Art and Future Perspectives, IntechOpen, 2025. DOI:
10.5772/intechopen.1010996.

sm and Systemic Disease: A Comprehensive

Oral-Systemic Health Interactions

0GP Dentespertro €-mail  $§ UONNG UEiiel GIuup. e MUt mhivesesse 4imsy s -

-ehensive Review of Oral-Systemic
eractions

K5 JUST RELEASED
20% OFF THE
PRINTED COPY

Use code

u, Simona Gabriela Mucenic and Andrea Bors

Reviewed: 12 May 2025, Published: 24 July 2025

NEWBOOK &




Chapter

Edentulism and Systemic Disease: A
Comprehensive Review of Oral-Systemic Health
Interactions

Felicia Gabriela Beresescu, Simona Gabriela Mucenic and Andrea Bors

Abstract

Edentulism, or complete tooth loss, is a significant public health problem with consequences that extend far beyond
the oral cavity. Functionally, edentulism impairs chewing, speech, and oral proprioception, leading to progressive
alveolar bone resorption and altered temporomandibular joint function. Nutritionally, edentulous individuals often adopt
a softer, carbohydrate-rich diet, resulting in deficiencies of essential nutrients and contributing to systemic health
deterioration. Poor mastication also stresses the gastrointestinal system, potentially leading to digestive disorders.
Psychologically, toothlessness is associated with decreased self-esteem, depression, social withdrawal, and reduced
quality of life. Changes in facial esthetics further exacerbate emotional distress. Systemically, edentulism is associated
with increased risk of cardiovascular disease, diabetes, cognitive impairment, and mortality, likely through pathways
involving chronic inflammation, malnutrition, and reduced cerebral stimulation. Effective management of edentulism
requires more than prosthetic rehabilitation. While full dentures and implant-supported overdentures restore oral
function, comprehensive care must also address nutrition, psychological support, and monitoring for systemic disease.
With a rapidly aging global population, recognizing edentulism as a condition with broad systemic implications is
critical to improving overall patient outcomes and public health strategies.

Keywords: teeth loss, edentulism, anatomic changes, physiological changes, systemic disease associated with
edentulism

1. Introduction

Edentulism, or the complete loss of natural teeth, remains a major public health problem worldwide, particularly
among the aging population. Despite advances in preventive dentistry, oral hygiene education and restorative
technologies, edentulism continues to affect millions of people worldwide, particularly in socioeconomically
disadvantaged and medically compromised groups. According to the World Health Organization, edentulism is one of
the most prevalent chronic diseases with a significant impact on both oral and systemic health outcomes [1].
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Abstract

Background: Patient satisfaction is a critical outcome in the
rehabilitation of edentulous patients. While conventional fabrication
methods are widely used, digital workflows are emerging as viable
alternatives. However, direct comparative evidence from the patient’s
perspective remains limited. Objective: To compare patient
satisfaction between con- ventional complete dentures (C-CD) and
digital complete dentures (D-CD) in maxillary edentulous patients,
including changes in perceptions over time and final prosthesis pref-
erence. Methods: A prospective, randomized crossover clinical trial
was conducted in 2023-2024 involving 40 completely maxillary
edentulous patients meeting specific inclusion criteria. Participants were
randomly allocated into two sequence groups: Group 1 (n = 20)
received C-CD first, and Group 2 (n = 20) received D-CD first, each for
6 months (T1), followed by crossover to the alternate denture for
another 6 months (T2). Patient satisfac- tion was measured using a 10-
item questionnaire at 6 and 12 months. Statistical analysis: Wilcoxon
signed-rank tests were used for within-subject comparisons of denture
types, and Mann-Whitney U tests for between-group comparisons, with
significance set at p < 0.05. Results: Using the paired crossover
analysis, D-CD showed significantly better comfort than C-CD (p <
0.05). D-CD scored significantly higher than C-CD in most satisfaction
do- mains, including comfort, retention, speech, esthetics, and need for
adjustments (p < 0.05). Median scores for retention, speech, esthetics,
and other domains were slightly higher with D-CD but did not reach
statistical significance (p > 0.05). Additionally, the D-CD required fewer
post-insertion adjustment visits than the C-CD (p < 0.05). By the end of
the trial, 28 patients (70%) preferred the digital denture as their final
prosthesis, whereas 12 patients (30%) preferred the conventional
denture. Conclusions: Incorporating digital technology in the
fabrication of complete dentures significantly enhances patient
satisfaction compared to conventional methods. This study highlights
the clinical relevance of modern dental prosthesis technology and
supports the wider integration of digital workflows. Within the
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limitations of this
pilot study, digitally
fabricated complete
dentures provided

overall patient
satisfaction
comparable to

(https://creativecommons.org/

licenses/by/4.0/).

conventional dentures, with the D-CD offering a notable improvement in
comfort. The majority of patients ultimately favored the digital denture,
supporting the clinical viability of CAD/CAM workflows.

Keywords: additive manufacturing; CAD/CAM; complete denture;
dental materials; denture teeth; digital dentures; digital impression
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1. Introduction

Complete edentulism continues to pose a significant public health
concern, particularly among aging populations, with reported prevalence
ranging between 7% and 70% globally, depending on the age group
and region [1-3]. In Romania and other parts of Eastern Europe,
edentulism remains relatively high due to delayed access to oral
healthcare and limited prosthodontic interventions in underserved
communities [4,5].

For decades, conventional complete dentures (C-CD) have been the
primary approach to fully rehabilitating edentulous patients. These
prostheses, fabricated through traditional analog workflows, require
multiple clinical steps including impressions (preliminary and final), bite
registrations, try-ins, and adjustments, along with the laboratory stages:
pouring preliminary and master cast, manufacturing a custom tray, wax
rim and record base, wax up, and processing the denture. While time-
tested, conventional dentures are often associated with clinical
limitations, such as material shrinkage, tissue distortion, reduced
retention, and the need for frequent post-insertion corrections [6,7].

Recent advancements in dental technology have introduced digitally
fabricated com- plete dentures (D-CD) using computer-aided design
and computer-aided manufacturing (CAD/CAM), milling, or 3D-printing
techniques. These approaches offer significant bene- fits, including
improved precision and reproducibility, enhanced tissue adaptation,
faster technological timelines, and better control over occlusion and
aesthetics [8,9]. Digital workflows also reduce the number of clinical
appointments, which is particularly beneficial for elderly patients with
limited mobility or systemic conditions [10].

Patient satisfaction and comfort are pivotal outcomes in complete
denture therapy. Edentulous patients rely on well-fitting dentures for
function and quality of life, so prosthe- sis acceptability is critical.
Conventional complete denture fabrication methods have been
successfully used for decades, but in recent years, digital workflows
(computer-aided de- sign and manufacturing of dentures) have
emerged as a modern alternative. These digital techniques promise
reduced clinic visits and potentially improved fit due to computerized
precision. However, the impact of digital versus traditional denture
fabrication on patient satisfaction remains uncertain [11]. The existing
literature provides limited and sometimes conflicting evidence from the
patient’s perspective. For instance, one randomized crossover trial [11]
reported that patients with digitally fabricated (3D-printed) dentures
experienced lower satisfaction in certain domains (such as stability and
comfort) compared to those with conventional dentures. In contrast,
another study [12] found no significant difference in patient-reported
oral health quality of life between digital and conventional complete
dentures. Such mixed findings highlight the need for further comparative
research focusing specifically on patient satisfaction and perception.

Given the rapid adoption of digital denture technology [13] and the
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importance of patient-centered outcomes, there is a strong justification
for this investigation. Our study was designed as a pilot to generate
preliminary data on patient satisfaction with digital complete dentures
compared to conventional dentures. We aimed to determine whether
digitally fabricated dentures could meet or exceed the satisfaction
levels of conventional dentures in a controlled clinical setting. This study
further aimed to analyze intra-individual variations in patient-reported
outcomes associated with sequential exposure to both denture types and
to determine the definitive prosthetic preference based on cumulative
user experience. By using a crossover design, each patient served as
their own control, which we anticipated would provide a sensitive
comparison between the two fabrication methods. The null hypothesis
was that there would be no difference in patient satisfaction between
digital and conventional complete dentures.

Our research was performed to bridge the gap by allowing patients
to directly experi- ence both prosthetic options before expressing a
preference. The primary aim of this study
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was to compare patient satisfaction with conventional and digital
complete maxillary den- tures in a fully edentulous population using a
prospective, randomized, crossover design.

Secondary objectives included the following:

e  Assessing the change in patient perception after experiencing both prosthesis types.
e Evaluating the internal consistency of a patient satisfaction questionnaire (PSQ).
. Identifying the preferred prosthesis at the end of the study and patient recommenda- tions
for future users.
By integrating validated tools and allowing patients to evaluate both
treatment modali- ties, this study aims to provide a robust, patient-
centered comparison that reflects real-world clinical decision-making.

2. Materials and Methods
2.1. Participants

Forty complete maxillary edentulous patients were selected
between 2023 and 2024 from the Faculty of Dentistry at George Emil
Palade University and affiliated private practices in Targu Mures |,
Romania, based on the following inclusion criteria: patients with
complete maxillary edentulism, good oral hygiene, free of any systemic
diseases that may affect oral health, and no contraindications to the
materials used for complete dentures. The patients included in this
study had varying conditions in the opposing mandibular arch,
including complete dentures (45%), removable partial dentures (35%),
or fixed prosthetic restorations (20%). The presence of different
mandibular arch conditions was considered when analyzing the results,
as it may influence satisfaction with the maxillary dentures. The exclusion
criteria were uncontrolled systemic disease, infectious diseases, partial
maxillary edentulism, temporo-mandibular disorders, xerostomia, oro-
facial pain, patients who could not read the informed consent form,
patients with congenital or acquired defects in the maxilla and/or
mandible, and patients considered ineligible for study inclusion by the
principal investigator.

All participants signed an informed consent form that included a
description of the intervention.

2.2. Study Design

The trial was designed as a prospective, randomized, single-center
study. The study protocol was approved by the Ethics Committee of
Dentexpert SRL (Approval No: 1792/20.01.2023; Approval Date: 20
January 2023). No deviations were made from the registered protocol.
The clinical trial was conducted in accordance with the Declaration of
Helsinki and Consolidated Standards of Reporting Trials (CONSORT)
guidelines. The trial was registered in a public ISRCTN registry with the
number ISRCTN47410. The flow of participants throughout the study is
illustrated in Figure 1.

The two prosthetic restorations assessed were the maxillary
conventional complete denture (C-CD) and digital maxillary complete
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denture (D-CD).

Randomization and Crossover Procedure: Participants were
randomly allocated into two equal groups to determine the order of
denture type received. A computer-generated random sequence was
used for allocation, and group assignments were concealed in sealed
opaque envelopes opened after each patient’s enroliment. Group 1 (n
= 20) re- ceived a conventionally fabricated complete denture (C-CD,
(Ivobase + Phonare I, Ivoclar, Schaan, Liechtenstein)) first, followed by
a digitally fabricated complete denture (D-CD, CAD/CAM-designed,
Denture 3D+, NextDent NextDent B.V., (Soesterberg, The Nether-
lands) + Harz Labs Dental Sand (Harz Labs LLC, Moscow, Russia),
while Group 2 (n = 20) received the D-CD first, then the C-CD. Each
patient used the first denture for a period of 6 months (T1), after which
they crossed over to the alternate denture type, which was
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then used for another 6 months (T2). There was no washout period
between treatments, as removing a functional denture for an extended
time was not feasible; however, a 1-2 week adaptation period was
allowed with the new prosthesis before data collection at each
crossover point. Importantly, each patient received a new maxillary
fabricated by both methods. This means that during each phase, the
patient wore a conventional or digital denture. All patients received

thorough in§tructions on denture use and maintenance at delivery.
Assessed for eligibility (n = 45)

[ Enrollment ]

Excluded (n=5)

\ 4

+ Not meeting inclusion criteria (n = 3)
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Figure 1. CONSORT 2010 Flow Diagram.

Conventional Denture Fabrication: Conventional complete dentures
were fabricated following standard clinical and laboratory protocols.
First, preliminary impressions of the edentulous ridges were made
using alginate in stock trays. From these, preliminary casts were
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obtained, and custom trays were fabricated. The borders of the custom
tray were adjusted, and border molding was performed using modeling
compound to achieve proper extension. Final impressions were taken
with medium-body polyvinyl siloxane (PVS) material to capture detailed
anatomy. Master casts were poured in dental stone from the final
impressions. On each master cast, a baseplate and wax rim were
constructed; these
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record bases were used to record the maxillomandibular relationship
(jaw relations) and to determine vertical dimension and centric relation.
The tooth selection (shape and shade) was performed per the patient’s
esthetic preferences and the prosthodontist's guidance. The teeth
(acrylic denture teeth) were arranged in wax on the master casts, and a
wax try-in was conducted for each patient. After verification of fit,
occlusion, and esthetics at the try-in stage, the dentures were processed
in heat-cured polymethyl methacrylate resin using the compression
molding technique. The finished conventional dentures were then
deflasked, trimmed, and polished. Any necessary laboratory remount
and occlusal adjustments were performed to refine occlusion. All
laboratory procedures were carried out by the same experienced dental
technician to ensure consistency in denture fabrication quality.

Digital Denture Fabrication: Digital Impressions and Jaw Relations:
For patients in the digital denture group, a complete intraoral scanning
workflow was employed. Edentulous maxillary and mandibular arches
were captured using a high-resolution intraoral scanner (Medit i700,
Medit Corp., Seoul, South Korea) to obtain precise digital impressions
of the tissue surfaces. To record maxillomandibular relations (vertical
dimension of occlusion and centric relation), conventional wax
occlusion rims were used on 3D-printed custom record bases. In each
case, the wax rim assembly (with the established occlusal vertical
dimension and centric bite) was either scanned in the patient’s mouth
or extra-orally to digitize the jaw relation record. In some cases, an
intraoral gothic-arch tracing device was additionally used to fine-tune
centric relation; the tracer markings or plates were likewise scanned
and aligned with the arch scans. This ensured that the patient’s bite
registration was accurately transferred into the virtual environment. All
digital impressions and bite records were made by the same clinician
to maintain consistency across cases.

Virtual Denture Design (CAD): The digital arch models and jaw
relation records were imported into a specialized dental CAD software for
complete dentures (exocad DentalCAD Matera 2.4, GmbH, Germany).
Using this software, a virtual denture setup was designed for each
patient. The anatomical landmarks (e.g., midline, smile line, and
occlusal plane) guided the placement of artificial teeth from the
software’s tooth library. The maxillary dentures were designed in
proper occlusion according to the recorded centric relation and vertical
dimension. A virtual articulator function was used to simulate
mandibular move- ments, allowing adjustment of tooth positions to
achieve balanced occlusion in excursions. The denture bases were
contoured in the software to optimal form and extension, and relief
areas were incorporated as needed. The final approved denture
design consisted of two sets of STL files—one for the denture base
(with sockets for teeth) and one for the denture teeth—exported for 3D
printing.

Three-Dimensional Printing and Post-Processing: The complete
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dentures were fabri- cated by additive manufacturing using a
stereolithography-based 3D printer. In this study, a digital light
processing (DLP, Asiga, Alexandria, Australia) printer was used to

achieve high accuracy and resolution (layer thickness ~50 pm) for the
denture components. Each denture base was printed in a pink
biocompatible denture resin (NextDent Denture 3D+, Vertex-Dental
B.V., Soesterberg, Netherlands), while the teeth were printed
separately in a tooth-colored microfilled hybrid resin (Harz Labs Dental
Sand, shade A3, Harz Labs, Riga, Latvia). The NextDent Denture 3D+
material is a Class lla medically certified resin with mechanical
properties comparable to conventional heat-cured PMMA denture base
materials (flexural strength ~84 MPa; flexural modulus ~2380 MPa)
[14]. The Harz Labs

Dental Sand resin is a methacrylate-based composite designed for
dental applications, characterized by high hardness (~90 Shore D) and
strength, making it suitable for durable denture teeth [15]. Printed parts
were cleaned of residual resin by rinsing in isopropyl alcohol baths and
then post-cured in a light-curing unit (manufacturer-recommended UV
oven) to ensure complete polymerization. Any support structures were
carefully removed,
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and the denture base and teeth components were finished as per
standard protocols. For assembly, the printed teeth were bonded into
the corresponding sockets of the printed base using a light-cured
bonding resin matching the denture base material. The assembled
dentures were then polished to a smooth finish, especially along the
borders and occlusal surfaces. Prior to delivery, each digital denture
underwent occlusal adjustment on an articulator (or intraorally) to
eliminate any prematurities and to refine centric contacts and balancing
contacts. The entire fabrication process for all digital cases was carried
out by the same prosthodontist-technician team, standardizing the
clinical and laboratory techniques and thereby ensuring consistency
across the digital denture cohort.

2.3. Data Collection

1. Baseline Data: Age, gender, dental history, reason for tooth loss.

II. Patient Satisfaction Questionnaire (PSQ) (Table 1), adapted for removable complete
dentures [15]. During the follow-up of the two periods, patients were asked to complete a
patient satisfaction questionnaire after 6 (T1) and 12 (T2) months with each denture. Patient
satisfaction and perception were evaluated using a structured 10-item questionnaire covering
various domains of denture experience. The questionnaire was administered after 6 months with
each denture. Each item was scored on a Likert scale from 1 to 5 (1 = very dissatisfied, 5 = very
satisfied) for all participants. The domains assessed included comfort, retention (security of fit),
stability during function, ease of speaking (speech), ability to chew food, aesthetics
(appearance), ease of cleaning the denture, need for adjustments (perceived need for post-
delivery corrections), confidence in social situations, and overall satisfaction. These domains
were chosen to encompass both functional and psychological aspects of denture acceptance.
Patients completed the questionnaire independently, and the researcher verified completeness but
did not influence responses. Higher scores indicated better satisfaction/perception in each
domain. The primary outcome of interest was the difference in satisfaction scores between the D-
CD and C-CD for each domain, with partic- ular attention to whether one type of denture led to
higher comfort or overall satisfaction. The secondary outcomes included the total number of
adjustment visits required for each denture type and the patient’s final preference for denture.

Patients were scheduled for follow-up visits at 2 weeks and 1
month after insertion of each denture to address any sore spots or
perform minor adjustments. The number of post-insertion adjustment
appointments required for each denture was recorded for each patient.
After 6 months of using the first set of dentures, patients returned for
evaluation before crossover. At this 6-month visit (T1), data on patient
satisfaction were collected (as described below). Patients then switched
to the alternate set of dentures (either receiving the new digital set if
they had conventional first, or vice versa). After another adaptation
period and any needed initial adjustments, a similar follow-up schedule
was maintained. At 12 months (T2), the final evaluation was
performed. At this final visit, patient satisfaction was assessed again,
and patients were asked to indicate which denture (digital or
conventional) they preferred overall and wished to keep using going
forward. Because this was a pilot study, all patients were ultimately
provided with the denture set of their choice (either they kept the digital
or the conventional set based on preference, and if they preferred the
digital, the conventional set was kept as a spare, or vice versa).
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Timeline

e  Baseline (day of delivery).
e  Six(T1) and twelve (T2) month follow-up.
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Table 1. Patient satisfaction questionnaire (PSQ) completed by the patients.

Instructions: Please rate your level of satisfaction with your complete dentures by selecting the most appropriate response for each statement.

1 2 3 4 5
Item

Very Low Low Neutral High Very High
1. Comfort:
How comfortable are your dentures when wearing them?

O O O O O
2. Aesthetics:
How happy are you with the way your dentures look?

O O O O O
3. Ease of insertion and removal:
How easy is it for you to put in and take out your dentures?

O O O O O
4. Speech clarity:
How well can you speak while wearing your dentures?

O O O O O
5. Chewing efficiency:
How well are you able to chew food with your dentures?

O O O O O
6. Retention and stability:
How well do your dentures stay in place during daily use?

O O O O O
7. Sore spots and irritation:
Have you experienced pain, sore spots, or irritation from your dentures?

O O O O O
8. Need for adjustments:
How often have you needed denture adjustments?

O O O O O
9. Overall satisfaction:
How satisfied are you overall with your complete dentures?

O O O O O
10. Recommendation:
Which denture would you recommend to other patients?

1 Conventional [ Digital

Scoring and interpretation:

. Responses can be converted into numerical values (1-5) for statistical analysis.
. Higher scores indicate greater patient satisfaction.

2.4. Data Analysis

All data were analyzed using SPSS (v.25, IBM Corp) on an
intention-to-treat basis (all enrolled patients completed the crossover).
We first performed descriptive statistics for all variables. Given the
crossover design, each patient provided paired data (satisfaction
scores with C-CD vs. the same patient’s scores with D-CD). Data
normality was checked using the Shapiro—Wilk test, which indicated that
the satisfaction scores were not normally distributed in several domains.
Therefore, we chose non-parametric tests for analysis. For the primary
comparisons of satisfaction outcomes between denture types, we used
the Wilcoxon signed-rank test (a non-parametric paired test) to compare
median domain scores for D-CD versus C-CD within the same patients.
This test effectively evaluates whether there is a systematic difference
in satisfaction when patients switch from one denture to the other.
Additionally, to ensure that any potential group or period effects did not
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confound results, we conducted a preliminary check: the two gréeps

(with different sequence orders) were compared at the 6-month mark
(after the first period) using the Mann-Whitney U test for each
domain to see if starting denture type had an initial influence. We also
compared the magnitude of change in scores after crossover between
groups to assess carryover. No significant sequence or carryover
effects were detected (p > 0.05 for all such comparisons), justifying
pooling the crossover data for within-subject analysis. For the number
of adjustment appointments, we used a Wilcoxon matched-pairs
comparison as well. The final denture preference (digital vs.
conventional) was summarized descriptively
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and analyzed by a binomial test to see if one was chosen significantly
more often than the other. A two-tailed p-value < 0.05 was considered
statistically significant for all tests.

3. Results

3.1. Baseline Characteristics

All 40 enrolled patients completed both phases of the study and
were included in the analysis. There were no dropouts. The mean age
of participants was 65.3 £ 8.7 years, with 16 females and 24 males
(Table 2). At baseline, all participants were existing denture wearers
(having worn their previous conventional dentures for at least one year)
and expressed a desire for improved dentures. The two randomized
sequence groups (conventional-first vs. digital-first) were similar in
terms of demographics and oral characteristics; there were no
significant differences in age, gender distribution, or ridge anatomy
scores between the groups.

Table 2. Baseline characteristics of the included participants.

Patient’s Age (Years) . .
Mean (£SD) Sex Opposing Mandibular Arch
Natural teeth —
65.3 £87 Male 24 (60%) Complete denture 18 (45%)

Removable partial denture 14 (35%)
Female 16 (40%) Fixed prosthetic restorations 8 (20%)

3.2. Patient Satisfaction Questionnaire (PSQ)

All patients successfully adapted to both types of new dentures over
the course of the trial. When comparing the digital complete dentures
(D-CD) to the conventional complete dentures (C-CD), we found that
overall patient satisfaction was comparable between the two fabrication
methods in most respects, with one notable exception. Specifically,
patient comfort while wearing the dentures was significantly better with
the digital dentures. On a 1-5 scale, the median comfort rating was 5
(very satisfied) for D-CD and 4 for C-CD; this difference was
statistically significant (p = 0.02, Wilcoxon signed-rank test). For other
do- mains of satisfaction—including retention (how well the denture
stayed in place), stability during chewing, ease of speaking, esthetics,
ease of cleaning, and overall satisfaction—there were no statistically
significant differences between D-CD and C-CD. In these categories,
patients’ ratings for the digital dentures were on par with, and in some
cases slightly higher than, their ratings for the conventional dentures,
but the differences did not reach our significance threshold. For
example, median retention satisfaction was 5 for D-CD vs. 5 for C-CD
in most cases (p = 0.08), median speech satisfaction was 4 vs. 4 (p =
0.15), and overall satisfaction was 5 vs. 5 (p = 0.33). These p-values
indicate trends but no reliable differences in those aspects. Thus, aside
from comfort, patients perceived both types of dentures as similarly
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satisfactory in terms of function and appearance after a 6-month
adaptation to each.

Table 3 presents the results for all PSQ domains across both
evaluation points. At the 6-month follow-up (T1), digital complete
dentures (D-CD) demonstrated significantly higher patient satisfaction
compared to conventional complete dentures (C-CD) in the domains of
comfort (p = 0.04), retention (p = 0.04), mastication (p = 0.04), and
need for adjustments (p = 0.02). No significant differences were
observed in aesthetics, stability, speech, oral condition, or overall
satisfaction at this point.



Dent. J. 2025, 13, 291

16 of 94

Table 3. Comparison of patient satisfaction (PSQ) for both types of complete maxillary dentures at T1 and T2.

C-CD (T1) C-CD (T1) C-CD (T2) C-CD (T2)
Items from PSQ Median (SD)  Median (SD) pTl Median (SD)  Median (SD) pT2
1. Comfort 4(03) 5 (0.4) 0.04 * 4(0.6) 5(02) <0.01*
2. Aesthetics 3 (04) 4(03) 0.79 4(05) 5 (03) 0.03 *
3. Stability 3 (0.6) 4(05) 040 4(0.6) 5 (0.4) <0.01*
4. Speech 4(05) 4(04) 0.08 4(05) 5 (0.3) <0.01*
5. Retention 3 (0.6) 5 (0.5) 0.04 * 4(07) 5 (0.4) <0.01*
6. Mastication 4(07) 4(0.6) 0.04 * 4(0.6) 4(05) <0.01*
7. Need for adjustments 4 (0.6) 5(04) 0.02* 3(0.7) 5(0.3) <0.01*
8. Oral condition 3 (0.5) 4(03) 0.09 4(0.6) 5 (0.4) 0.03 *
9. Overall satisfaction 4 (0.7) 4 (0.5) 0.06 4 (0.8) 5(0.3) <0.01*

* Significant differences, p < 0.05 (Wilcoxon signed-rank test for paired data)

At the 12-month follow-up (T2), after the crossover period, patient
satisfaction with D-CD was significantly higher than with C-CD across
almost all domains, including comfort (p < 0.01), aesthetics (p = 0.03),
stability (p < 0.01), speech (p < 0.01), retention (p < 0.01), mastication
(p < 0.01), need for adjustments (p < 0.01), oral condition (p = 0.03),
and overall satisfaction (p < 0.01), (Table 3).

3.3. Internal Consistency

High internal consistency was observed across all PSQ data sets,
with Cronbach’s alpha coefficients exceeding 0.90 (Table 4). This
indicates excellent reliability of the questionnaire responses and
supports the credibility of patient-reported satisfaction.

Table 4. Internal consistency (consistency of patients between responses).

Set Cronbach’s a*
C-CDT, >0.9
D-CDT, >0.9
C-CDT, >0.9
D-CD T, >0.9

* Cronbach’s alpha coefficient > 0.90.

3.4. Change in Patient Perception

In terms of clinical performance, one practical difference observed
was in the number of post-delivery adjustment visits required. Digital
dentures require fewer adjustment appointments on average than
conventional dentures. For the D-CD, the median number of follow-up
adjustment sessions (after initial delivery) was 1, whereas for the C-CD
it was 2. Twenty-nine patients (72.5%) needed no more than one minor
adjustment with the digital denture, while with the conventional denture,
thirty patients (75%) required two or more adjustments for sore spots or
occlusal discrepancies. This difference was statistically significant (p =
0.01 on a paired comparison of adjustment counts). This suggests that
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the fit of the digital dentures, as delivered, may have been more
accurate, resulting in fewer pressure spots or occlusal corrections.
However, by the 6-month evaluation, all dentures (of both types) were
adequately adjusted and comfortable, as reflected in the high
satisfaction scores mentioned above.

We assessed whether the order in which patients received the
dentures influenced their experience (a potential period or carryover
effect). Importantly, no significant period effect was found. Patients
who started with digital and then switched to conventional reported
similar satisfaction with the conventional denture as those who started
with conventional first (and vice versa). There was no evidence of
persistent adaptation from
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the first denture affecting the second; the satisfaction ratings for each
denture type were consistent regardless of sequence (p > 0.1 for
comparisons between sequence groups at each phase). This lack of
carryover effect validates our approach of analyzing the data as
paired within-subject comparisons. We did observe that some patients
subjectively commented that adjusting to the second denture was
easier than the first simply because they “knew what to expect,” but this
did not translate into any measurable difference in the satisfaction
scores attributable to sequence. Overall, the crossover design was
effective, and each patient’'s comparison between the two denture types
can be considered independent of the sequence.

3.5. Patient Preference and Recommendations

After experiencing both types of dentures, patients were asked at
the end of the study which denture they preferred and intended to
continue using. The majority of participants (28 out of 40, or 70%)
expressed a preference for the digital complete denture as their final
prosthesis. The remaining 12 patients (30%) preferred the
conventional denture. By the end of the study, 28 patients (70%) chose
to keep using the D-CD, whereas 12 patients (30%) favored the C-CD.
This indicates a substantial tilt toward the digital option, aligning with
the comfort advantage noted earlier. Many of those who preferred the
D-CD cited its superior comfort and fit as the primary reason. Some
also mentioned subjective reasons such as “felt more natural” or “liked
the look” of the digital denture, although objectively, esthetic scores
were similar. Among the 12 patients who preferred the conventional
denture, a common reason was that they had become very
accustomed to it in the first 6 months and felt it was “already broken in,”
whereas a few others believed the conventional denture felt slightly
more stable during heavy chewing for them. It is worth noting that all 12
of those patients still rated their digital denture experience as
satisfactory; their choice often came down to personal habit or subtle
preference. In summary, while satisfaction metrics were equivalent in
most domains, when forced to choose one denture, most patients opted
for the digital, likely influenced by its comfort and possibly fewer visits
for adjustments (convenience).

4. Discussion

This randomized crossover pilot study compared patient
perceptions of digitally fabricated versus conventionally fabricated
complete dentures. Our key finding was that patient-reported
satisfaction was largely equivalent between the two types of dentures,
with the exception of comfort, which was significantly improved in the
digital dentures. In practical terms, patients found both their
conventional and digital dentures acceptable in terms of retention,
stability, esthetics, speech, and overall satisfaction after an adequate
adjustment period. However, they reported higher comfort with the
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digital dentures, and this comfort advantage may have contributed to
the majority’s preference for the digital prosthesis at the trial's
conclusion.

Comfort is a critical aspect of denture success, as discomfort can
deter patients from wearing their dentures consistently. The improved
comfort with digital dentures observed in our study could be attributed
to the precision of the digital fabrication process. The CAD/CAM 3D
printed dentures were created from accurate digital models, potentially
resulting in a better initial fit to the patient’s tissue surfaces. Indeed, our
data on post- insertion adjustments support this: the digital dentures
required fewer adjustments for sore spots, implying a more uniform
tissue adaptation from the outset. Less adjustment translates not only
to comfort but also to reduced chair time and inconvenience for the
patient, which are important factors in overall satisfaction. This finding is
clinically signifi-
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cant even though other domains did not differ; comfort alone can be a
deciding factor in a patient’s preference, as seen by those who chose
the digital denture.

It is noteworthy that aside from comfort, at T1, we did not find
significant differences in other domains of satisfaction. This suggests
that when both types of dentures are made carefully and fitted well,
their functional outcomes (such as stability during chewing or clarity of
speech) can be comparable. This aligns with the results of Zupancic” et
al. [12], who also reported no major differences in patient-reported
outcomes (using OHIP-20 scores) between digital and conventional
dentures in a controlled trial. Our study reinforces the idea that the
overall efficacy of digital dentures is on par with the traditional approach
for most patient-centered measures.

Our findings, however, differ in part from those of Katsura et al.,
who found in 2022 that conventional dentures had higher patient
satisfaction in several domains compared to 3D-printed digital dentures
[11]. In Katsura’s crossover study, conventional dentures were favored
in aspects like stability, phonetics, and general satisfaction, whereas
only a minority of patients preferred the digital option. The discrepancy
between Katsura’s results and ours could be due to differences in the
digital fabrication method and materials. Their study utilized 3D-printed
dentures, which might have differences in surface fit or material
properties (e.g., the resin used for printing might not adapt to tissue as
well or could be less comfortable). Additionally, our patient population
and inclusion criteria differed; all our patients received dentures,
whereas in some other studies, patients might have used old dentures
during one phase or had varying prior experiences. Another factor is
the learning curve and technique; our operators and technicians were
experienced in digital processes, and we attempted to standardize
clinical steps between the two methods as much as possible. As digital
denture technology and techniques improve, outcomes may become
more consistent.

Another interesting outcome in our study was the final denture
preference. Even though objective scores for most domains were
similar, a significant majority of patients chose the digital denture when
asked to pick one. This subjective preference underscores the
importance of subtle factors that might not all be captured by
guantitative scores. Patients often consider the sum of their
experience: comfort (as discussed) and also possibly the convenience
of fewer adjustments, or even intangible perceptions that the digital
denture was “more modern” or required less effort to become used to.
Psychologically, knowing they were using a state-of-the-art product
may have positively influenced some patients’ perceptions—a form of
technological confidence. We tried to mitigate bias by not explicitly
labeling dentures as “better” or “high-tech” to the patient, but we cannot
rule out a placebo effect of new technology. That being said, given that
many had tangible comfort benefits, their preference is well-founded.
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For the minority who preferred the conventional denture, it highlights
that individual variation plays a role; some might simply have found
their conventionally made denture to be equally good and stuck with
what was familiar.

Clinical Implications: The results of this pilot study suggest that
digital complete dentures are a viable alternative to conventional
dentures from the patient’'s perspective. A significant comfort
improvement with digital dentures can enhance patient experience, and
at the very least, digital methods did not compromise any aspect of
satisfaction. For clinicians, this means that adopting digital denture
workflows can be performed with the confidence that patient outcomes
(in terms of satisfaction) will be on par with traditional techniques.
Additionally, the reduction in adjustment visits for digital dentures can
save clinical time and improve efficiency. This benefit is advantageous
for busy practices and for patients who have difficulty returning for
multiple appointments. The crossover nature of the study also provided
a unique opportunity for patients to effectively test both types of
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dentures on themselves; many were amazed at being able to compare
and were ultimately happy to have a denture that they felt was the best
for them.

Limitations: We acknowledge that this study has limitations. Firstly,
as a pilot study with 40 patients, the sample size is relatively small.
While it was sufficient to detect a difference in comfort, the study may
have been underpowered to detect smaller differences in other domains
of satisfaction. For example, some domains showed trends favoring the
digital dentures (e.g., retention had p ~0.08); a larger sample might
clarify whether these trends could reach significance or confirm they are
truly equivalent. Secondly, our follow- up duration was limited to 12
months. Long-term differences in prosthesis durability, patient
satisfaction over years of use, or maintenance issues (such as tooth
wear or base relining needs) were not captured. It would be valuable to
follow these patients longer-term. Thirdly, although we attempted to
minimize bias, patients and clinicians were not blinded to the type of
denture (it is inherently obvious due to differences in fabrication
process and appearance of the workflow). This lack of blinding could
introduce some bias in patient-reported outcomes. However, the
crossover design mitigates this to some extent, as each patient
compared both types. Finally, our digital fabrication method (printing) is
only one of several available; results might differ with milled dentures or
other digital systems. We did not formally incorporate an objective
measure of chewing efficiency or func- tional analysis in this pilot
(besides patient perception), which could be included in future studies
to correlate with satisfaction. Additionally, while we checked for
carryover effects and found none significant, it is possible that a longer
“‘washout” or a different sequence might reveal subtle adaptation
phenomena; however, ethically and practically, a washout

without dentures wasn’t possible in our design.

Future Directions: The encouraging results of this pilot support
conducting a larger randomized trial. Future studies with a greater
number of participants can further validate the comfort benefit and
evaluate if other domains might show differences with improved power.
It would also be useful to explore quality of life measures (e.g., OHIP-
EDENT) and performance metrics (like bite force or chewing efficiency
tests) alongside satisfaction ratings to provide a comprehensive
comparison. Additionally, cost-effectiveness and time efficiency
analyses could be integrated, as digital dentures may reduce clinical
time but involve different laboratory costs; these factors ultimately also
Impact patient satisfaction (in terms of convenience and possibly cost
satisfaction). We also plan to investigate the long-term maintenance,
for example, how each type of denture fares in terms of the need for
relines or tooth fracture over several years. Patients’ adaptation
process could be studied more closely too; some anecdotal feedback
suggested the second denture was easier to become used to,
regardless of type, which is an interesting psychological aspect that
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could be quantified in future research (perhaps by measuring patient
confidence or learning effect).

The CAD/CAM and 3D printing technologies used in digital denture
fabrication im- prove base adaptation [16] and reduce processing errors
such as polymerization shrinkage or porosity [17,18]. Digital dentures
often provide better mucosal contact and retention due to accurate
scanning and virtual design, enhancing stability and reducing sore
spots [19]. This was reflected in the significant improvement in
retention, comfort, and adjustment- related satisfaction scores in our
study.

Patient satisfaction is not solely functional; it also encompasses
aesthetic perception, psychological comfort, and social reintegration.
Patients in our study favored D-CD in esthetics and speech clarity after
the crossover, likely due to improved tooth positioning and phonetic
design facilitated by digital articulation software. Similar findings were
documented by Bidra et al. [20], who found that digitally designed tooth
arrangements enhanced smile lines and lip support. Moreover,
psychological literature highlights that
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empowering patients with modern, tech-based solutions can
enhance confidence and perception of care quality [21]. As digital
dentures are often associated with innovation and progress, patients
may perceive them as higher quality, even prior to the wear experience.
The crossover design uniquely enabled the observation of patient
perception changes,
a valuable insight often overlooked in parallel-group studies. Initially, at
T1, the differences between C-CD and D-CD were moderate. However,
after experiencing both prostheses, patients clearly favored the digital
dentures at T2. This evolution suggests that initial familiarity with
conventional prosthetics may bias early satisfaction scores, but actual
comparative experience reveals the superiority of digital solutions.

As noted by Zandinejad et al. [13], some patients initially hesitate
to adopt digital dentures, but adaptation and perception improve over
time, especially when the digital prosthesis is better customized to the
individual’s anatomy.

Digital workflows significantly reduce clinical chair time and visits,
which is particu- larly beneficial for elderly or systemically compromised
patients. Several studies report time savings of 30-50% with D-CDs
compared to traditional methods [19]. This advantage, coupled with
fewer post-insertion visits (as seen in our low adjustment needs),
makes D-CDs a viable solution in both public and private dental
systems.

In settings like Romania, where dental care access is uneven,
streamlined digital workflows may help reduce treatment barriers and
standardize prosthetic outcomes in underserved communities [4,21].
This echoes findings by Singh et al. [22], who reported that patient
satisfaction with digital dentures increased notably after a two-week
adaptation phase. It suggests that initial resistance to digital prostheses
is often temporary and resolves with wear experience.

The high internal consistency (Cronbach’'s « > 0.90) across all
guestionnaires and scales
adds robustness to our findings and confirms the reliability of patient

feedback. The inclu- sion of a validated 10-item satisfaction
guestionnaire provided comprehensive coverage of patient-reported
outcomes. Similar reliability has been observed in prior prosthodontic
surveys using multi-item tools [23], reinforcing the value of using
standardized, patient- reported outcome measures (PROMS) in clinical
research.

Moreover, by involving patients with various mandibular opposing
arch conditions, this study reflects a real-world edentulous population,
increasing the external validity of the findings.

This design revealed a significant change in perception, with most
patients favoring the digital option after having experienced both.
Initially, some domains showed minimal differences, likely due to
familiarity bias toward conventional prosthetics. However, by the end of
the trial, the majority of participants (60%) preferred D-CD, and this
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preference was more pronounced in males.

The consistent preference for D-CDs suggests several clinical
benefits:

e  Fewer follow-up visits due to reduced need for adjustments.
e Improved patient compliance and adaptation, particularly for first-time denture wearers.
o More efficient fabrication processes, reducing chair time and lab coordination.

As digital workflows become more accessible and affordable, these
advantages could significantly enhance the standard of care in
prosthodontics, especially for underserved populations.

Despite its strengths, the study has several limitations. The lack of a
wash-out period could have introduced residual adaptation bias.
However, this was ethically justified, as prolonged maxillary
edentulism is not clinically acceptable. Additionally, long-term follow-up
was beyond the scope of this study. Future research should examine
the dura- bility, maintenance, and long-term satisfaction of digital
dentures over periods exceeding one year.
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Also, the one-year follow-up period may not capture long-term
wearability or pros- thesis durability. Future studies should explore
long-term satisfaction and maintenance over 12—24 months. However,
a recent systematic review and meta-analysis revealed that milled
complete dentures would be recommended in dental practice [23].

5. Conclusions

In summary, this pilot crossover study indicates that digitally
fabricated complete dentures can achieve patient satisfaction outcomes
comparable to those of conventionally fabricated dentures. Comfort was
significantly improved with the digital dentures, which is a meaningful
advantage from the patient's standpoint. Consequently, a majority of
patients preferred the digital denture after experiencing both types.
Within the limitations of the study, these results support the clinical
viability of digital denture workflows, suggesting that modern CAD/CAM
dentures are a satisfactory alternative to traditional dentures. Digital
technology can be incorporated into complete denture fabrication
without compro- mising (and potentially enhancing) patient satisfaction,
though careful technique remains essential. Larger-scale studies are
warranted to confirm these findings and further inform best practices in
prosthodontic rehabilitation for edentulous patients.
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Abstract: Backgronund and Ohjectives: Complete denfums mmain a primary sohation for oral
rehabilitation in aging and medically compromised populations. The integration of digital
workflows, regenerative materials, and smart technologies is propelling prosthodontics
towards a new era, transcending the limitations of traditional static prostheses, Materials od
Methods: This narrative review synthesizes historical developments, current practioss, and
futume innovations in complete dentume therapy. A comprehensive review of literatune from
PubMed, Scopus, and Web of Science (2000-2025) was conducted, with a focus on materialks
science, digital design, patient-centered care, artificial intelligence (AI), and sustainable
fabrication. Resulis Innowvations in the field include high-performance polymers, CAD-
CAM systems, digital impressions, smart sensors, and bioactive liners. Recent trends
in the Geld include the development of self-monitoring prostheses, artificial intelligence
[Al}driven design platforms, and bioprintd mgenerative bases. Thess advances have been
shown to enhance customization, durability, hygiene, and patient satisfaction. Howewver,
challenges persist in terms of accessibility, clinician training, regulatory validation, and
ethical integration of digital data. Condusions: The field of complete denture therapy
is undergoing a ransition toward a new paradigm of prosthetics that mpemumahz&i,
intelligent, and sustainable. Toensure the integration of these technologies into standard
care, ongoing inerdiscplinary research, clinical validation, and equitable implennenita tion
are imperative.

Keywords complete denture; digital dentistry; regenerative dentistry; smart prosthetics;
CAD-CAM; edentulism rehabilitation

1. Introduction

Complete dentures persist as a basic solution for oral ehabilitation in edentulous
patients, particularly among elderly individuals or those with systemic, Anancal, or anaton-
ical limitations that preciude implant therapy. Despike the increasing availability of implant-
supported prostheses, full dentunes remain widely used due to their accessibility, versatility,
and cost-effectivensss [1,2].

A meview of global derographic tends reveals a persistent high prevabence of edan-
mlism. According to the World Health Organization (WHO), approvimately 30% of in-
dividuals over the age of &5 in many industrialized nations are completely edentulous.
Edentulism has been assocdaed with several adverse consequences, including reduced
masticatory function, nutritional deficiencies, diminished seli-esteem, and impaired quality
of life [3]. Tooth loss is associated with nutritional deficiencies, decreased self-esteem,
and impaired social interaction, highlighting the importance of functional and aesthetic
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Abstract: Background/Objectives: This study investigates the chemical structure and
molecular interactions in 3D-printed dental resins reinforced with varying concentrations
of Ytiria-Stabilized Zirconia (YSZ) nanoparticles, using Fourier-Transform Infrared Spec-
troscopy (FTIR) to assess the compatibility and bonding behavior at the molecular level.
Methods: Three groups of 3D-printed methacrylate-based resin discs were fabricated:
a control (0% YSZ), and experimental groups reinforced with 1% and 3% YSZ nanopar-
ticles. Samples were produced using Digital Light Processing (DLF) technology and
post-processed under standardized conditions. FTIR spectra were collected via ATR mode
over a wavenumber range of 4000-600 cm™!. Spectral differences at key wavenumbers
(1721.16,1237.11, and 929.62 cm™!) were statistically analyzed using one-way ANOVA and
Tukey’s post hoc test. Results: FTIR spectra showed no significant shifts in the ester car-
bonyl band at 1721.16 cm™ 1 suggesting the preservation of the core resin matrix. However,
a statistically significant increase in absorbance at 1237.11 em ™! was observed in the 1%
YSZ group (p = 0.034), indicating dipolar interaction. A distinct new peak at 929.62 cm ™1,
corresponding to Zr-Q vibrations, emerged in the 3% YSZ group (p = 0.002), confirming
successful nanoparticle integration. Conclusions: YSZ nanoparticles enhance specific
molecular interactions within methacrylate-based dental resins without compromising
structural integrity. These findings support the potential application of YSZ-reinforced
3D-printed resins in durable, biocompatible permanent dental restorations.

Keywords: CAD/CAM; software; restorative materials; Yttria-Stabilized Zirconia;
nanoparticles; FTIR spectroscopy

1. Introduction

Additive manufacturing (AM), particularly three-dimensional (31D) printing, is rev-
olutionizing dental medicine by enabling the fabrication of highly customized restora-
tions with increased precision, reduced material waste, and streamlined workflows [1-5].
Three-dimensional printing dental technologies such as Digital Light Processing (DLP)
and Stereolithography (SLA) are widely used to fabricate casts, temporary crowns, sur-
gical guides, and emerging applications in definitive restorations such as removable
dentures [6-8].

However, the performance of printed restorations is often constrained by the inher-
ent mechanical limitations of photopolymer resins [7,9]. Studies have shown that these
materials typically have lower fracture resistance, flexural strength, and microhardness
compared to their subtractively manufactured counterparts [1,4,9]. These deficiencies are
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attributed to factors such as lower filler content, incomplete polymerization, and the inher-
ent brittleness of some resin formulations [1,9,10]. Furthermore, the mechanical properties
of 3D-printed resins are influenced by various factors, including printing orientation, layer
thickness, and post-curing conditions. Inadequate post-processing can lead to suboptimal
material properties, further limiting the clinical applicability of these resins in stress-bearing
restorations [1,7,9,10].

To address these limitations, recent research efforts have concentrated on enhancing
these resins by incorporating reinforcing agents like nanoparticles [1,5,11,12]. Among them,
Yttria-Stabilized Zirconia (YSZ) has shown excellent promise due to its superior mechanical
strength, chemical stability, and biocompatibility [9,13]. YSZ's high fracture toughness
and favorable optical properties make it particularly attractive for dental applications that
require both strength and esthetics [1,6,7,13].

When incorporated into a resin matrix, the effectiveness of YSZ is influenced by its
dispersion and interfacial bonding with the polymer chains. To enhance compatibility, YSZ
nanoparticles are often treated with silane coupling agents that facilitate chemical bonding
to the methacrylate groups in the resin [5,7,14]. This chemical integration is essential to
ensure not only improved mechanical properties but also long-term stability in the humid
and chemically active oral environment [13-15]. The present study focuses on interfacial
bonding—defined as the physicochemical interactions (covalent, hydrogen bond, and
dipole-dipole) that form between silane-treated YSZ surfaces and pendant methacrylate
groups in the polymer matrix. Compared to other nanoparticles, zirconia exhibits superior
fracture toughness (5-10 MPa/m) than Si0Op, TiOs, or Al2O3, resulting in demonstrable
improvements in crack deflection and energy dissipation. It also allows for effective
translucency control; for example, 3Y-TZP with 5 mol% Y>QO3 achieves a translucency
parameter (TP) comparable to that of human dentin, making it suitable for aesthetic
permanent restorations. Furthermore, zirconia has chemical affinity to methacrylate resins
following y-MPTS silanization, which forms covalent -5i-O-Zr— bridges that are infrared-
active and easily detectable by FTIR. Additionally, zirconia has a long clinical history both
as a bulk ceramic (e.g., crowns and frameworks) and as a filler in resin-modified cements,
providing ample data on biocompatibility and wear resistance. Therefore, we chose this
material for characterization [6,7,13,14].

By tracking characteristic vibrational changes with FTIR, we aim to verify nanoparticle
incorporation and its influence on resin chemistry at both low (1 wt %) and moderate
(3 wt %) loadings.

Although previous work has demonstrated the mechanical benefits of adding zirconia
nanoparticles to dental materials [14,16], there is limited understanding of the chemical-
level interactions introduced by YSZ into the resin network. Fourier-Transform Infrared
(FTIR) Spectroscopy provides a valuable method for exploring these interactions, as it
reveals changes in functional group vibrations, allowing researchers to detect molecular
bonding shifts inclicative of successful composite formation [9,17].

The objective of this study is to analyze the chemical bonding behavior in a 3D-
printable methacrylate-based resin reinforced with 1% and 3% YSZ, in comparison with an
unmodified control. Using FTIR, we aim to identify spectral changes that reflect interfacial
interactions between the resin and silanized YSZ nanoparticles, ultimately assessing the
material’s structural integration [4,17,18].

2. Materials and Methods
2.1. Sample Preparation

Three groups (A, B, C) of 3D-printed dental resin specimens were prepared using a
standardized workflow. All samples were fabricated using the Asiga Max UV DLP 3D
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wear, supporting the integration of additive manufacturing in restorative w
flows.
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duces statistical power for subgroup analyses. Second, no intermediate assessments
conducted during the 10-year follow-up period. As a result, the exact timeline and
gression pattern of enamel loss remain unknown. Third, no data were collected reg
ing dietary acid exposure, fluoride usage, or behavioral habits such as frequency of a
beverage consumption or oral hygiene routines—all of which are known contributc
dental erosion. The absence of these risk factor assessments restricts our ability to an:
ctiological influences or protective behaviors. Finally, the study population cons
exclusively of individuals with no clinical signs of erosion at baseline (BEWE = 0). V
this allows for clear incidence tracking, it may not reflect erosion patterns in popula
with pre-existing wear, limiting the external validity of our findings [1, 28].

Both the BEWE index and digital intraoral scanning have inherent strengths
limitations that can influence diagnostic outcomes. BEWE, as a visual index base
surface area involvement, may underestimate early or subtle lesions —particularly
confined to non-prominent surfaces or lacking significant area involvement. In con
digital scanning, with its high-resolution sutface mapping and superimposition cap
ities, can detect minute changes in enamel thickness that may not be clinically appa
While this enhances sensitivity, it also introduces the possibility of overestimating
cal significance, especially when early wear does not yet warrant intervention. A
tionally, the feasibility of widespread digital scanning use in epidemiological or ro
dental settings remains limited by factors such as cost, required operator training,
consumption, and software access. These logistical challenges currently restrict the
gration of 3D scanning into general practice, despite its potential as a rescarch and 1
itoring tool. Therefore, both approaches should be viewed as complementary, with
tal methods best suited for detailed longitudinal evaluation and BEWE serving
practical, quick screening tool in daily practice [1].

5. Conclusions

1. Longitudinal Erosion Rates: The Romanian 10-year study confirms that dental
sion accumulates appreciably in young adults over time, in line with global
International longitudinal studies report substantial 5-10 year incidence of er
wear in this age group (on the order of tens of percent), with prevalence often r
from around one-quarter in the late teens to over one-third or more by the
twenties.

2. Gender Differences: Males consistently show higher susceptibility to dental etc
than females. Romanian findings and worldwide evidence concur that young
experience higher incidence and greater severity of erosive tooth wear than wc
of similar age. Behavioral factors (e.g. more acidic drink consumption) and pos
biological differences likely contribute to this male predominance.

3. Diagnostic Methodologies: There is a meaningful difference between clinical i
scoring and digital detection of erosion. The BEWE index is practical for in viv
sessment but may underestimate early or localized erosions, whereas 3D intr:
scanning can detect and measure very initial enamel wear with high sensit]
Studies show only moderate agreement between BEWE scores and digital n
urements, implying that combining traditional and digital methods provides a |
complete picture of erosive wear status.
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models for the same tooth than they did in person, especially for the posterior teeth
The discrepancy may arise because on a screen one can enlarge and inspect the 3D 1
cdosely from all angles, detecting even tiny “cuppings” or wear facets, whereas clini
those might be overlooked or not judged as significant under standard lighting [26
the other hand, digital models lack tactile feedback and subtle color changes (like en
translucency or dentin shining through) that clinicians use to gauge depth of erosion
For instance, BEWE scoring criteria consider mainly the area of surface involved, ne
depth; a very small but deep erosion into dentin still only scores 1 on BEWE if it’s u
50% of the surface [26]. An examiner might intuitively rate such a lesion higher in s
ity when sceing it in person (due to visible dentin), potentially causing inconsist
with the model-based score. Thus, while digital scanning offers superior precision
the ability to monitor volumetric loss over time, it does not perfectly mirror clinical i
assessments. Researchers conclude that 3D scans are an excellent adjunct for early d
tion and serial monitoring of erosive wear — one study noted no patient was enl
crosion-free when combining clinical and digital detection [26] — but the BEWE i
remains a convenient chairside tool for screening. The two approaches are moder
correlated; they generally identify the same individuals with heavy wear, but may ¢
on grading subtle lesions. In practice, using both methods in complement can imp
diagnostic accuracy: the BEWE can flag patients with erosive wear risk, and intr:
scanning can document baseline lesions and quantify small changes at recalls. As dj
technology advances, we may sce improved software that correlates better with cli
indices or even new indices tailored for digital model analysis [26].

Also, other authors suggested that etiological factors of erosive tooth wear shou
considered and scored for differential diagnosis and risk assessment [27, 28].

The correlation observed between BEWE scores and digitally measured ename]
(r =0.58) reflects a moderate association, indicating that while the two methods gene
align in identifying cases with more advanced wear, they are not directly interchar
ble. BEWE is a visual, ordinal index that captures the most severely affected surfa
cach sextant, while digital surface analysis provides a quantitative, three-dimens
evaluation of enamel volume loss across specific regions [1]. As such, discrepancie
tween the two are expected, especially in early or localized lesions that may fall beloy
BEWE detection threshold but are measurable on 3D scans. These findings suggest
BEWE and digital scanning provide complementary —rather than equivalent —diagn
insights. The use of both tools in combination may enhance erosion monitoring, «
clally in longitudinal studies and individualized preventive care [27].

Although the present study did not include structured follow-up on behavior
lifestyle changes, it is plausible that shifts in dict, oral hygiene, or general health h
over the ten-year period contributed to the development of dental erosion in affecte
dividuals. Previous studies have shown that increased consumption of acidic bever:
changes in occupational stress, dictary patterns, and even fitness-related supplemen
can elevate the risk of erosive wear. In the absence of longitudinal behavioral data, |
contributing factors remain speculative within our cohort. Nonetheless, the obse
gender differences and incidence trends suggest that certain routine-related vari,
may have influenced erosion onset. Future studies should incorporate detailed «
tionnaires and clinical interviews to track changes in patient routines and correlate 1
with erosion progression for a more comprehensive understanding of causality and
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10-year study reportedly found men experiencing more pronounced progression of
sive lesions than women, which is in line with international data. A large adole:
survey in Stockholm County, Sweden found dental erosion significantly more prev
and severe in males than females [17]. Specifically, 15- to 17-year-old boys had hi
rates of erosive wear, including severe (dentin-level) lesions, compared to girls
Similarly, a Norwegian study observed that 72% of males (108 of 150) vs 57% of fen
(85 of 150) had dental erosion by age 18 (p = 0.006) [18]. This male predominance
true for advanced dentin lesions as well (though the gender difference in dentin-
cases was not statistically significant in that sample). Other surveys and reviews ce
that male young adults arc at higher risk for erosive tooth wear [21, 22]. Proposec
planations include behavioral and biclogical factors: young men may consume a
beverages (soft drinks, sports drinks, citrus juices) more frequently or in larger volu
and tend to have riskier dietary habits, leading to greater acid exposure [21, 23]. €
authors have also speculated that males’ larger muscle force (heavy chewing/grine
and possibly thinner enamel in certain cases could exacerbate erosive wear [18]. In
trast, females might benefit from more cautious dietary choices or protective salivary
enamel factors. Indeed, a genetic study suggested females could be less susceptib
crosion, as indicated by the consistently lower prevalence in women [22]. Overall
evidence strongly supports a gender difference: young males typically present
higher incidence and more severe progression of dental erosion than females, bo
Romania and internationally, making gender a recognizable risk indicator in epid
ology of tooth erosion.

4.2. BEWE Index vs. 3D Scanning: Diagnostic Accuracy and Correlation

Accurate diagnosis of dental erosion can be challenging. Traditional clinical in:
like the Basic Erosive Wear Examination (BEWE) are widely used for scoring er
wear in different sextants of the mouth. While BEWE is practical and has shown ¢
intra- and inter-examiner reliability in general use [24], it provides only an or
grading of surface loss and may underestimate subtle changes. Emerging digital
niques — notably 3D intraoral scanning with model superimposition - allow for qu
tative monitoring of tooth surface loss over time. Comparing these methods reveal
portant differences in sensitivity and accuracy. Research has shown that 3D digital 1
els are especially sensitive in detecting initial erosive wear that might be missed or sc
as “sound” in a visual exam [24]. In one validation study, intraoral scanner analysis ¢
reliably detect tissue loss on the order of 50-100 pm, with around 97% accuracy 3
compared to micro-CT measurements [25]. This means very early enamel erosions (
as beginning cupping or shallow faceting) register on digital overlays even if the
hard to discern clinically. Indeed, when examiners applied the BEWE scoring on d:
scans versus directly in the mouth, the digital method often recorded more surfaces
erosive wear or higher BEWE scores than the clinical assessment. For exar
Alaraudanjoki et al. found that erosive lesions appeared more extensive on 3D scan
models, and upper posterior tooth surfaces in particular tended to be underscored i
clinical exam [24]. In that study, some participants who were deemed erosion-frc
clinical BEWE had small lesions visible on the scans; only 6% of subjects were lesion
on digital models versus 26% clinically [26]. This indicates the higher sensitivity of d
detection in pickine up incnient erosion.
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Figure 6. Distribution of mean enamel loss per participant over 10 years in the digital an.
subset {n = 40).
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Figure 7. Correlation between BEWE Score and digital enamel loss.

4. Discussion

Long-term studies show that many young adults develop new erosive tooth |
over a decade. In our Romanian 10-year cohort, we observed a clear increase in bot]
presence and severity of dental erosion from baseline to follow-up. This trend aligns
international longitudinal data. For example, a Swedish 4-year study in adolescen!
ported that 76% of initially erosion-free individuals developed erosive lesions over
short period [17]. In Norway, a cohort examined at ages 15 and 18 showed preval
rising from 51% to 60% (with about 18% of those initially healthy developing erosior
years) [18]. Over six years (ages 15 to 21), prevalence similarly climbed from 57% to
indicating a ~6% incidence of new cases into early adulthood [18]. These findings su;
that the ten-year incidence in young adults internationally may fall in the tens of
centage points, depending on baseline risk and age. Cross-sectional surveys also rep
high cumulative prevalence of erosion by the late 20s. In many countries, 30-50
voung adults show signs of erosive wear. Many countries report roughly 30-50
young adults exhibit some erosive. In fact, a European multi-center study found
50% of 18-35 year-olds had at least some dental erosion, and a Swedish study r
prevalence as high as 75% in this age range [18]. Notably, high-income populations ¢
show greater erosion; for instance, surveys in the UK and Scandinavia consistently
over one-third of youths affected [19]. The Romanian cohort’s ten-year results appe
mirror these global patterns, reinforcing that erosive wear is a progressive cond
during late adolescence and early adulthood across diverse populations. Factors lik
creased exposure to dictary acids and changing lifestyles likely drive the upward t
worldwide [20].
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Figure 4. BEWE Score Distribution (no p-value, descriptive). Digital Surface Loss Analysis (n:

Over half the participants exhibited <150 pm of enamel loss on average, wher
minority (12.5%) experienced 2250 um loss. Only one participant exceeded 300 p
mean loss, indicating that extreme erosive loss was uncommon in this group (Figu
The correlation between BEWE scores and digital enamel loss measurements was 1
erate and statistically significant (r = 0.58, p <0.001), indicating a clear relationshij
tween clinical assessments and quantitative digital findings.

3.2. Localization of Euamel Loss: Palatal vs. Buccal Surfaces

Analysis of enamel surface loss revealed that the palatal surfaces were pred
nantly affected in the anterior maxillary region. The greatest loss was observed or
palatal aspects of the central and lateral incisors, followed by the canines. These arca
known to be highly susceptible to intrinsic and extrinsic acid exposure, particularly
to their anatomy and position in the oral cavity. In contrast, the buccal surfaces of 1
same teeth exhibited significantly less enamel loss. Premolars and molars showed
imal palatal erosion in comparison, with most of the wear in posterior teeth occurrir
occlusal or buccal surfaces, if present at all. This distribution aligns with existing li
ture indicating a predilection for palatal erosion in the anterior maxillary teeth d
dictary acids and reflux-related exposure.
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significantly greater in males p = 0.0006 (statistically significant at p <0.001, Figure 3)
relative risk of developing dental erosion for males versus females was 1.74 (95% c¢
dence interval: 1.26-2.40), indicating that male participants were about 74% more 1
to experience new erosive wear over the decade than female participants.

Table 1. Ten-year incidence of dental erosion by gender (n =517).

Gender Participants (n} With Erosion (n % Without Erosion (n%)
Males 244 73 (29.9%) 171 (70.1%)
Females 273 47 (17.2%) 226 (82.8%)
Total 517 120 (23.2%) 397 (76.8%)

40
p = 0.0006
35

29.9%

30+

25+

20

17.2%

15¢

Erosion Incidence (%)

10t

s
Males Females

Figure 3. Gender-Based Incidence (p = 0.0006).

The extent of measured enamel loss also correlated positively with the clinical
sion indices recorded at follow-up: participants with higher BEWE scores tended to
greater enamel loss (Figure 4). 3D volumetric analysis showed a mean enamel thick
loss of approximately 137 £ 79 um per participant over the decade. Palatal surfaces
significantly greater mean enamel loss than buccal sutfaces (mean palatal loss 1
85 pm vs. buccal loss 114 £ 66 pm; p = 0.002, paired comparison, Figure 5, 6). Pear:
correlation between mean enamel loss and BEWE score was about » = 0.58, (p < 0.
indicating a moderate association between the clinically scored wear and actual en
thickness loss.

300
300+

250+
2001

150+

ber of Participants

120
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186 e  Pearson’s correlation coefficient to evaluate the relationship between clinical s
187 and 3D enamel loss
188 e  Statistical significance was set at p < 0.05
E.\;I_’ded‘pa:.um‘
Follow up | Pauenis witidrew :
10 years (=23
Basic Erosrve Wear Evaluatton 10y
Examination (BEWE (n=517)
189
190 Figure 1. Study flowchart.
191 3. Results
192 3.1. Participant Characteristics
193 A total of 540 young adult participants were enrolled at baseline in 2014. At the
194 follow-up, 517 participants (95.7%) were successfully re-examined and included is
195 final analysis. The mean age at baseline was 24.7 + 3.1 years, and the follow-up mear
196 was 34.7 years. The gender distribution was 244 males (47.2%) and 273 females (52
197 (Figure 2).
Group

Lost to Follow-up

Em Mzles (Followed)

[ Females (Followed)
198

199 Figure 2. Distribution of total participants.
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consistency was periodically re-verified to maintain scoring accuracy throughou
study period.

Impressions for each patient were recorded and casts were poured appropri
marked to be recognized upon follow up.

2.2.2. Digital Surface Loss Analysis (3D Intraoral Scanning)

To objectively quantify enamel wear, a selected subgroup of 40 participant:
males, 20 females) underwent digital scanning at follow-up. The baseline dental
were also scanned.

The decision to include only 40 participants (20 males and 20 females) in the d
surface loss analysis was based on logistical and technical considerations. The proce
superimposing baseline dental casts with follow-up intraoral scans and perfor:
volumetric enamel loss measurements is highly time-consuming and resource-inten
The selected sample was designed to be gender-balanced and representative ol
broader cohort to allow meaningful correlation analysis between clinical (BEWE) st
and digitally measured enamel loss. This subset approach ensured feasibility wit
compromising the validity of comparative findings between traditional and digite
sessment methods.

Scanning Procedure: Intraoral scans were captured using a MEDIT i700 scanner
Superimposition of bascline and follow-up scans was performed using best-fit aligm
to detect enamel loss on the buccal and palatal surfaces of anterior teeth. Enamel su
loss >30 pum was defined as clinically significant [1]. For each of the 40 selected pa
pants (20 males and 20 females), intraoral scans were obtained at the 10-year folloy
visit. Baseline records were derived from digitized gypsum casts originally obtaing
2014 and scanned using the same intraoral scanner to ensure consistency. The STL
from baseline and follow-up were aligned using Exocad DentalCAD software throt
“best-fit” registration protocol. The registration accuracy of the software is within 15
as per manufacturer specifications. Enamel surface loss was calculated through st
imposition and 3D subtraction analysis. Surface loss greater than 30 pm was consid
clinically significant. The palatal and buccal surfaces of maxillary anterior teeth (ce
incisors, lateral incisors, and canines) were evaluated, as these are the most erosion-p
regions. This scanning and analysis protocol ensures reproducibility and allows qu
fication of subtle enamel changes that may not be visually apparent.

Digital Outcomes:

e  Mean enamel loss per participant (in microns)
e  Localization of wear (palatal vs buccal surfaces)
e  Correlation with BEWE score and intraoral scanning

2.2.3. Demographic Data Collection

Basic demographic variables (age and sex) were collected at bascline. Due K
non-interventional design, no dietary, behavioral, or salivary data were recorded.

2.2.4. Statistical Analysis
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ital quantification of dental erosion over successive time points. This approach allow
precise monitoring of changes in enamel volume or surface contours, overcoming s
limitations of visual indices and providing a valuable validation tool for clinical finc
[16].

The present longitudinal study was conducted over a ten-year period in T
Mures, Romania, with the following aims:

1. Toassess the ten-year incidence of dental erosion in a cohort of healthy young ae
using the BEWE index.

2. Toinvestigate whether gender or other demographic factors are associated witl
development of new erosive lesions.

3. To evaluate the sensitivity of the digital surface analysis in detecting carly or 1
ized erosive changes not captured by BEWE.

4. To validate clinical findings through 3D digital surface loss analysis using intr.
scanning and quantitative measurement of enamel wear.

2. Materials and Methods
2.1. Study Design and Ethical Approval

This prospective, longitudinal observational study was conducted over ten 3
(2014-2024) in Targu Mures, Romania. The study aimed to evaluate the incidence
progression of dental erosion in a cohort of healthy young adults. Ethical approval
granted by the Institutional Ethics Committee (Approval No. 432/2014), and writte

formed consent was obtained from all participants in accordance with the Declaratic
Helsinki.

Participant Selection and Follow-Up

A total of 540 healthy adults aged 18-30 years were recruited in 2014 from unive
and community clinics. Inclusion required a full dentition (excluding third molars) 2
BEWE score of 0 (no signs of erosion) at baseline. Exclusion criteria included:
e Diagnosed gastroesophageal reflux discase (GERD) or eating disorders,
e Use of medications causing xerostomia,
e  Tixed orthodontic appliances or extensive restorations affecting enamel integrit

At the 2024 follow-up, 517 participants (95.7%) were successfully re-examine:
participants were lost for follow up.

2.2. Clinical Assessment of Dental Evosion
2.2.1. Basic Erosive Wear Examination (BEWE)

Dental erosion was assessed at baseline and follow-up using the BEWE index
The dentition was divided into six sextants, and the most severely affected tooth su
in each sextant was scored as follows: 0: No erosion; 1: Initial loss of surface textu
Distinct hard tissue loss <50% of the surface area; 3: Hard tissue loss 250% of the su
arca.

A BEWE score 21 in any sextant at follow-up indicated dental erosion diagnosi:
clinical assessments were performed by two calibrated examiners, and inter-exan
reliability was high (Cohen’s kappa = 0.87).
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delayed intervention [3]. The importance of identifying erosion early is underscore
its irreversible nature and potential to affect quality of life through hypersensiti
enamel translucency loss, and restorative complications [4].

Erosive tooth wear (ETW) is a multifactorial condition encompassing the pro,
sive and irreversible loss of dental hard tissue due to chemical, mechanical, or comb
actions [1]. Dental erosion—defined as the chemical loss of enamel and dentin from
not derived from bacteria—is one of the principal causes of ETW. While dental erc
specifically refers to the chemical process, ETW often includes attrition (tooth-to-1
contact) and abrasion (external mechanical forces). These processes may interact sy
gistically, with acidic softening of enamel surfaces increasing susceptibility to mecha
wear. As such, assessing dental erosion within the broader context of ETW is crt
particularly in young adults, where lifestyle factors such as dietary acids
parafunctional habits can accelerate the condition’s onset and progression. The cu
study focuses on the chemical component—dental erosion—while acknowledgin
clinical overlap with other wear mechanisms [2].

Global evidence suggests that dental erosion is increasingly common in yi
adults [2]. Recent systematic reviews and meta-analyses estimate the worldwide p:
lence of erosive tooth wear in youth to range from 25% to over 50%, depending or
group, region, and diagnostic criteria [5, 6, 7]. However, the incidence of dental
sion—defined as the number of new cases developing over a period of time —is r
reported, particularly in prospective studies. While prevalence data reflect a snapsh
disease burden, incidence studies are crucial for understanding the dynamic natu
disease progression and for identifying emerging trends in specific populations [7].

Despite growing interest in erosion-related research globally, there is a notable
of longitudinal studies in Eastern European populations [8, 9, 10, 11, 12]. Most rese
from this region, including Romania, remains cross-sectional and does not provid
formation on the natural course of erosive wear [13]. In particular, there is limited da
erosion development in young adults—a group often considered at the early stag
exposure and disease onsct. Understanding erosion incidence in this population ¢
provide important guidance for preventive strategies, early diagnosis, and targeted
lic health messaging [12].

Furthermore, little is known about how demographic variables such as gender
influence the development of erosive lesions over time. However, studies have sugg:
that males may be at higher risk due to behavioral, anatomical, or physiological fa
[12], still findings remain inconsistent and underexplored in Eastern European con
[11].

The BEWE index was first introduced in 2008 by Bartlett et al. as a simpli
standardized scoring system designed to facilitate clinical and epidemiological as
ments of erosive tooth wear [14]. Since then, it has become a comerstone tool in
general dentistry and rescarch for tracking the severity and progression of non-ca
enamel loss. For clinical and research purposes, the Basic Erosive Wear Examin:
(BEWE) index has been widely adopted as a standardized method for assessing ere
tooth wear [8]. Its structure allows clinicians to classify severity by scoring the mox
fected surface in each sextant, generating a cumulative score that guides clinical ris
sessment and monitoring over time. The BEWE has shown good intra- anc
ter-examiner reliability and has been recommended bv the Furopean consensus grou
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Longitudinal Assessment of Dental Erosion in a Romanian
Cohort of Young Adults: - A Ten-years Follow-Up Pilot Study
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Abstract: Background: Dental erosion is the irreversible loss of tooth structure from
exposure. Its prevalence is rising globally, making it an important oral health con
However, longitudinal data from Eastern Europe are scarce, especially in Romania.
pilot study aimed to assess the 10-year incidence of dental erosion in Romanian y
adults and to compare clinical index scoring compared with digital scanning. Mett
A 10-year prospective study followed 540 Romanian adults (aged 18-30) selected wi
erosive lesions at baseline (Basic Erosive Wear Examination BEWE =0). Erosive wear
assessed at 10-year follow-up using BEWE, with 40 participants also undergoing d
intraoral scanning to measure enamel loss (um). Gender differences were analy
Chi-square tests, relative risk, and correlation analyses were performed. Results: Aft
years, 23.2% of participants developed dental erosion. Males exhibited a higher incid
than females (29.9% vs 17.2%; RR = 1.74, p < 0.001). Among the scanned subset (n =
mean enamel loss was 137 + 79 um, with greater wear on palatal vs buccal surfaces
0.002). BEWE scores were moderately correlated with digital enamel loss (r = 0.58
0.001). Conclusions: Erosion progressed over time in this cohort, with males at hi
risk. Digital scanning detected subtle enamel loss not captured by BEWE, indic
higher sensitivity for early changes. BEWE and digital methods provided complemet
information; combined use offers a more comprehensive assessment.

Keywords: BEWE index; diagnostic; digital dentistry; enamel wear; gender differe
intraoral scanning; lesions; longitudinal study; preventive dentistry; Romanian coho

1. Introduction

Dental erosion, defined as the irreversible loss of dental hard tissue due to cher
processes not involving bacterial activity, has emerged as a growing oral health cor
in the 21st century [1]. Unlike caries and periodontal disease, which are associated
bacterial biofilms, dental erosion progresses due to extrinsic or intrinsic chemical
lenges acting directly on the tooth surface. These processes may go unnoticed unti
nificant structural injury has occurred, leading to functional and aesthetic complica
[2].

The diagnosis of erosion may be clinically challenging due to its asymptor
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CHARACTERIZATION OF INNOVATIVE DENTAL RESIN
REINFORCED WITH ZIRCORNIA NANOPARTICLES
OBTAINED BY 3D PRINTING

Andreea BORS', Melinda SZEKELY?, Zsuzsanna BARDOCZ VERES *, Tuliana
CORNESCHT**, Robert CIOCOIU?, Aurora ANTONIACS, Catalin Tonel
ENACHESCU"

Three-dimensional printed resins are gaining signgficant mierest in dentisry.
The demand for advamced matertals with mproved mechkanical properties is on the
rizg to fUlfill the growing need for technological developments. The incorporation of
zircomia fo remforce three-dimensional (3D primted resin has demonstrated
signjfficant potential m the field of dental restorations. These fillers have been found
fo improve the mechanical and biological characteristics of dental resins, therely
establizhing them az a kighly promizing alternative dental matertal in restorarie
dentistry. Zrconium oxide iz a metal oxide thar exhibic commercial viability,
gifordabiliyy, non-hazardows properties, ond sustamabilipy, hence rendermg it
suitable for a wide range of prospective applications. The oljective gff this study was
fo evaluate the mechanical characseriztics qf 3D printed resin that has been enhanoed
with modjfied Yirium stabilized zirconia (F5Z) manoparticle additions. The specimens
ware analyzed via scanning electron micrascopy (SEM), surfbce-free energy (SFE)
maasuremenis, and ShoreR (Durometer) test The results suggest thar F3Z
nanoparticle: could improve the mechanical properties af the revyforced rezin. The
findings have the potential fo enhance the advancement of indirect restorative demtal
matarials.

additive manufacturing, Yitrium stabilized zirconia, reinforced resin
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Abstract

Objectives (i) To develop, validate, and apply in practice a new risk assessment tool for erosive tooth wear (ETW) including a
risk factors questionnaire and a saliva secretion evaluation, which combined with a clinical index, can be part of an ETW
composite scoring system; (ii) to assess ETW lesions and current and past erosive challenges in younger age groups.

Methods The Tooth Surface Loss/Erosion Working Group of the European Association of Dental Public Health consisted of an
mtemational panel of experts designed the survey component of the new tool (Erosive W ear Assessment of Risk—EWAR) and
confirmed its construct and content validity. After receiving ethical approvals and informed consents, the EWAR tool (ques-
tionnaire + saliva secretion evaluation) was applied in a multicenter cross-sectional study with 207 participants aged 15-21 years
old from four countries (Finland, Greece, Romania, the USA). BEWE score was used for the clinical assessment of ETW.
Results A total of 58.5% of participants had ETW. 10.9% and 20.3% of participants had low secretion of stimulated (< 1 ml'min)
and unstimulated saliva (< 0.25 ml/min), respectively. The following factors were bivariately significantly associated with ETW:
energy drink consumption, low secretion of stimulated saliva, juices consumption, erosive drink consumption for quenching
thirst between meals, erosive drink kept in the mouth, feeling pain/icing after consuming something acidic or cold, and co-
existence of other type of tooth wear. In regression analysis, only energy drink consumption (OR = 3.5, 95% CI: 1,39, 8.9), low
secretion of stimulated saliva (OR = 36.3, 95% CI: 4.71, 78.94), and feeling pain/icing (OR = 8.8,95% CI: 1.92,40.04) remained
significant.

Conclusions The examiners of the study reported that the EWAR tool appeared to be an affordable and easy-to-use instrument.
Some challenges occurred during the saliva collection process. Inferential analysis revealed that the risk factors/indicators of low
stimulated salivary flow, energy drink consumption, and pain/icing with ETW were considered the most important in ETW
occurrence.

Clinical relevance EWAR tool combined with the BEWE clinical index can be used for ETW risk assessment for epidemiological
studies and chairside use.

Keywords Erosive tooth wear - Risk assessment - Erosive risk factors - Saliva flow - BEWE

54 vasileios margaritis@mail.waldenu.edu a.b@umfst.ro *  Faculty of Dental Medicine, George Emil Palade University of
Medicine, Pharmacy, Science and Technology of Targu Mures,
Targu Mures, Romania
School of Health Sciences, Walden University, 100 Washington Av. L. , L N
1 South. Suite 1210, Mwhs' MN 55401, USA *  School of Medicine, National mdl(apodnstnm Umvcrsnty of Athens,
Athens, Greece
Research Unit of Oral Health Sciences, University of Ouhs, 6 . .
2 Qulu, Finland Department of Prosthodontics, Faculty of Dentistry, Semmelweis

University, Budapest, Hungary
Medical Research Center, Oulu University Hospital and University of : o
3 Qulu, OQuly, Finland Omal Health Services Research Centre, Cork University Dental
School and Hospital, University College Cork, Cork, Ireland



Dent. J. 2025, 13, 291 61 of 94

1115726, 10047 PM Neulicerter study b develop and vadate 3 risk as5eEsmEnt tool 35 part of COMPOSRE SCOMNG Systam Tor eroslve sooth wear-...

Web of Science” Smart Search  Advanced Searcl @ Andreea Bors w

Smart Search »  Author Profile »

Mudticenter study to develop and validate a risk assessment

My Web of Science I«

( Full text at publisher % )

ﬁl Marked List

@ View your search history (F_xpnrt " ) ( Add To Marked List «
L1

& of9 »
@ Profile A

My researcher profile # EDIT

Multicenter study
My records A to develop and
vatidatea risk
Publications 4+ ADD
assessment tool as
Grants +m0  part of composite
scoring system for
Peer reviews + ApD .
erosive tooth wear
Editor records 4+ ADD
Editorial board memberships 4 ADD By Margaritis, V (Margaritis,
Vasileios) BY ; Alaraudanjoki, V
iAlaraudanjoki, Viivi) (2]
Pending records

: Laitala, ML (Laitala, Marja-
Liisa) [21,[31, 4] s Anttonen, V
Profile notifications 2 {Anttonen, Vuokko) (2] . [31. [4]
; Bors, A (Bors, Andreea) [ 2

; Szekely, M , Melind
.ﬂ. Saved Searches and Alerts ; Szekely, M (Szekely, Melinda)

nifps:itwww webolecience. comawoswascoiul Hecard WO S DD ST 20177 D000 T 126



Dent. J. 2025, 13, 291 62 of 94

17. Bors A., Cotrut C., Antoniac A., Székely M. Surface analysis of contemporary aesthetic
dental filling materials after storage in erosive conditions. Materiale Plastice, 2016, 53(4).
Q4, F10.778



Dent. J. 2025, 13, 291

63 of 94
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Materials after Storage in Erosive Solutions

ANDREEA BORS', IULIAN ANTONIAC?, COSMIN COTRUT®, AURDRA ANTONIACT, MELINDA SZEEELY
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Cinfcal pedformance of resbrative maferalks and their adhesive inferfaces can be affected by erosion afer
rehabilitation of erosive lesions. The aim of the presen in Wire study was (o evaluate he emosive wear
resistance and adhesive bood of direct restorative maienal, ising fouwr differenf festing fools. R
aesthedc dental Wling materials were included in the shrdy: a univesal nano-Wed compasite, a light cuning
lr_-mnlltg composie resin, a foodh-colouned of modifled composiie resio (mpmmr;l and a
pus e indicated in restorafion s of di Dues eeth. Fifieen spedmens were
in Bﬂ!:ﬁ of the four testod resiorative matenal. Folowing manufacturers” instrechions for the mpﬂaimf
of the maforials, adhesive and wnsof werg in cavties of 4mm
Hﬂﬂdfﬂlﬂ depih propared in bovine mdm%m After 24 howrs ofrelydmation mﬁmdﬂbd
waler, m{:ﬂgrmp was imme msed in erosve solutions chosen i festing: 1% clfc ack 2 0. E.’%ptm;ﬂu!r:

oy sy s gl o by iy i i

mfcrofensile bond sreagth (UTES) was made andthe o Edmtamamﬂmdayum-mjmm test

and I-iest, Maiwﬂd.ﬂn&mmﬂmmsﬂatp:ﬂﬂigummﬂmﬂsmw
the dental ling matenials showed differont behaviowr under the same ve conditions. These fodings
suggest ihat ernsive wearresisance of direct denBl restora fves could influence theiriongewty (0 infaoral

adidic condifions.

Keywords: demal materals, composites, erosive, wear, microscopy, bomd streagih

The improvement in life quality and longevity with the
consequent fonger maintenance of the teeth in the oral
carity, signific increased the prevalence and severity
of tooth wear in the world population. In addition to that,
the combination of factors such as higher consumption of
acidic foods and the presence of psychosomatic eating
disorders transformed dental erosion in a disorder of great
concem to dentists and aso in an bm and Increasi
{zsuewordwide addressed by the researchers [1]. De
as an irreversible loss of dental hard tissue due to chemical
mechanisms, dental ernsion does not involve acids derved
from oral bacterla, such as the dental caries, but. chelating
substances and aclds derived fom the diet, medication
and occupational Intrinsic sources [1, 2]. With the

ent of adhestve systems and within the concepis
of minimally invasive restorative treatment the direct
composite restoratiens are conservative res that
can rehabilitate teeth affected by erosion [3]. Farthermore,
It s conceivable that patlents will fall back into their old
ermsive befaviowr aftor the application of restoratives |2,
4, 5], therefore the clinical ormance of the dendal
maierials and adhesive interfaces can be affected

Many lius ey have found dental erasion to be

wwﬁﬁmmmm factors [6].

drinks :mmmg:uﬂ [7]. Unfortunately, consumption
of acidic soft drinks has increased mmmmmlj duﬂn the
recent decades in both deve
[2] and might have led o incmmsed prevalp_nm of
dental erosion [3, B]. The harmful effects of these
beverages inciude enamed or dentin erosion. dental matoral
amid alteration |4, 10]. Hence, a number of studies
described erosion dynamics by acidic beverages,

associaied or nof with abrasion on enamel] [8-11, 13] oo
dentine [12, 14]. Conversely, there 15 less evidence on the
tof erostve drinks on aesthetic colourad restoratives
on adhesive bond strength between tooth and material

[1. 15, 16].

Only few studies have been conducted o Investigate
any detectable damage on the adhesion of hy
Coimposite resin or other tonth-colowred materals
under persisting erosive conditions using dietary acids [1,
17]. Given the growing use of these resioratives and the
wide use of soff drnks in diet it seemed worthwhile
to co 1 further studies in this regand.

The aim of this study was to determine the surface
changes of contemporary dental direct restoratives

ed o an erosive challenge and the quality of the
apsthetlc material-tooth structure bonded interfaces using
scanning electron microscopy, atomic force microscopy
and microtensile bond strength. It was almed to provi
information on aesthetic dental filling materials
L‘ueirrelaltma.hllllhes to resist to erosive attack. The fest
Enm.u_ntal“]gypumﬁls was that exposure o erosive
umns would influence surface adation, chemical
composition and the created resin-dentine (nterfaces of
the evaluated dental restoratives.

Ex al
s

Four aesthetic dental Alling materiaks (shown In tabile [}
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Additvely manifactrad resins ane gaining popuiarty in dentistry due to Balr urikgua matess
progeriies and improved mechanical peromance. The Incomparatien of yhina-stablkred zirco-
nia (¥ TZ) particies into 30-prinked resin has shown considerable potential in prosthodontics,
supparing the growing demand for technological advancements. These nanoparticies are
versalile becsuse of thelr mechanical strength, thermal stabliky, chemical inenness, and elec
Irical properiies. making them sultabie Tor @ wide range of appications. The aim of this study
was bo anafyze the hasdness of 30-printed resin reinforced with modified ¥TZ nanopanicies
and to determing whather a correlafion extied between YTZ content and Durometer Shore
D values. Specimerns were produced using 30 printing techrology and categoetred acoord-
Ing 1o the amount of ¥TZ inoocrporaled Into the resy 0%, B, and 3% he resulls iIndicats thal
matarlal performance can be improved through ¥TZ reinforcement. athough further reseanch
15 requirad Lo Tully suppart the broader adoption of this technology

Keywords: hardness, addiive manufaciuring, riroonia suspension, 30-minged resm, yiina-
siabiitrad rirconla

INTRODUCTION

The growing utilization of additive manufacturing (AM) in dentistry over the
past decade, particularly in maxillofacial surgery, dental implantology, prosth-
odontics, orthodontics, and tissue regeneration, has directed researchers' atten-
tion toward improving the materials used. AM technology, slso known as 3D
printing, involves creating three-dimensional objects kayer by layer based on a
previously generated digital model. Various materials, such as metals, ceramics,
polymers, and hydrogels, are used for dental applications, each offering distinct
advantages and challenges. Over the years, multiple printing technigues have
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Abstract. The placement of appropriate root-end filling materials in contact with periradicular
tissues, with improved adaptation and biological properties is critical for the long-term success of
the periapical surgery. The purpose of the present study was to evaluate and compare the bio-
properties of four different root canal filling materials with respect to storage media. Two mineral
trioxide aggregates: MTA-Angelus (Angelus, Londrina, PR, Brazil) and ProRoot MTA (Dentsply
Maillefer, Ballaigues, Switzerland) and two glass ionomer cements: one conventional Ketac Molar
(3M ESPE AG, Seefeld, Germany) and a resin reinforced core build-up glass ionomer Vitremer
(3M ESPE AG, Seefeld, Germany) were evaluated. Eighty healthy single-rooted human extracted
teeth without curvature and with closed apices were included in this experiment. Each group was
divided in two subgroups (n=10) and stored in polypropylene sealed containers for 60 days at 37°C.
Specimens of the first subgroup were immersed in 5ml of a physiological-like buffered Ca- and
Mg-free solution (PBS, pH=7.4) and those of the second subgroup were in 5ml of deionized water
(DW, pH 6.8) After 10 minutes of immersion and at the established endpoint times, the specimens
were analyzed by scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy
(EDX). Statistical analysis was performed by -test and one-way ANOVA (p<0.05). Glass ionomer
cements showed the presence of thick irregular deposits (p<0.05). In deionized water, EDX
analyses revealed no deposits forming after 60 days. SEM analysis showed the margins of MTA
and ProRoot MTA with significant discontinuities compared with glass ionomer cements (p<0.05).
Mineral trioxide aggregate cements are significantly more bioactive compared to conventional or
reinforced glass ionomers upon aging in PBS. Glass ionomer cements provide more optimal
adaptation to dentinal cavity walls of all cements than MTA cements when used as retrograde
fillings.

Introduction

Surgical root canal therapy is often the indicated treatment when nonsurgical retreatment has
failed or cannot be performed. Once the root-end preparation has been completed, a suitable root-
end filling material is inserted [1, 2]. Most endodontic failures occur as a result of leakage of
irritants and microbes from infected root canals, therefore the root-end filling material must provide
an adequate apical seal and be biocompatible. Its anti-bacterial effects and ability to stimulate
regeneration of the periodontium will accelerate the healing process and reduce the incidence of
failures [3]. Root-end materials must be non-toxic, non-irritant, radio-opaque and non-corrosive [1].
Unlike orthograde root canal filling materials, root-end filling materials are placed in direct contact
with vital periapical tissues. The tissue response to these materials, therefore, becomes important
and may influence the outcome of surgical endodontic treatment.

The deposition of cementum on the root surface after apicectomy is considered a desired
healing response and a prerequisite for the reformation of a functional periodontal attachment [4].
Cementum deposition occurs from the circumference of the root-end and proceeds centrally toward
the apicected root canal. The cementum provides a 'biological seal,' in addition to the 'physical seal'
of the root-end filling by creating a 'double seal' [5].

All rights reserved. No part of contents of this ggper may be reproduced or Iransrnmod in any f form or by any means without the written permission of Trans
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