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ABSTRACT

1. INTRODUCTION

Implant-supported partial prosthetic restorations are a frequently used therapeutic
solution in the rehabilitation of limited edentulism, with the aim of restoring function, aesthetics
and occlusal stability. In contrast to extensive full-arch restorations, partial restorations are
characterized by a reduced number of implants, more concentrated biomechanical stresses
and a strong dependence on the chosen prosthetic design. In this context, decisions related to
the type of restoration, the mode of retention, the materials used and the geometry of the
prosthetic components can directly influence the clinical behavior of the work, especially in
terms of stability, the need for further interventions and medium-term durability.

The specialized literature has extensively analyzed various aspects of partial implant
restorations, including the comparison of cemented and screwed restorations, the performance
of prosthetic materials (zirconium, metal-ceramic), the influence of prosthetic abutment height
and the role of different types of cement. Published studies report variable results regarding
retention, frequency of decimations and incidence of prosthetic complications, suggesting that
clinical performance is not determined by a single isolated factor, but by the interaction of
several design parameters. In this sense, restoration design is described as a central element
in controlling functional behavior and clinical stability.

However, the data available in the literature have important limitations. A significant part
of the studies are performed under in vitro experimental conditions, with limited clinical
applicability, and the available clinical studies are often heterogeneous in terms of protocols,
materials and evaluation criteria. Also, many studies analyze materials, cements or type of
retention separately, without integrating these factors into a coherent prosthetic design
framework. The lack of standardized criteria for the selection of partial restorations on implants
leads to difficulties in comparing results and formulating generally valid clinical
recommendations.

In this context, the doctoral thesis entitled "Optimizing the Design of Partial Prosthetic
Restorations on Implants" aims to approach the design of implant-supported partial
restorations as a set of interdependent prosthetic decisions, which influence the retention,
stability and clinical behavior of the restorations. The topic is delimited by focusing on partial



restorations, with an emphasis on the type of retention, the materials used and the prosthetic
design parameters, analyzed in retrospective clinical studies. The justification for the research
derives from the need for an integrated approach, based on clinical data, which allows
optimizing the selection of prosthetic design according to the clinical context and therapeutic

objectives.

2. PURPOSE AND OBJECTIVES OF THE THESIS

2.1 Research Purpose

The purpose of this doctoral thesis is to optimize the design of implant-supported partial
prosthetic restorations by analyzing the relationship between the type of restoration, the
retention methods and the materials used, with the evaluation of their impact on clinical

stability and medium-term performance.

2.2 General and specific objectives

General objective: To evaluate the influence of prosthetic design on the retention and
stability of implant-supported partial prosthetic restorations, in order to formulate clinical
selection criteria based on objective data.

Specific objectives:

1. To evaluate the clinical behavior of implant-supported partial prosthetic restorations made
using different retention techniques (cementation versus screwing).

2. To analyze the influence of the type of cement on retention and the need for subsequent
prosthetic interventions in cemented implant restorations.

3. Comparison of clinical performance of partial restorations made of different prosthetic
materials, in the context of the chosen design.

4. Correlation of prosthetic design parameters with the incidence of complications and with

the clinical stability of implant-supported partial restorations in the medium term.



3. THESIS STRUCTURE

The doctoral thesis entitled "Optimizing the Design of Partial Prosthetic Restorations on
Implants” is structured in two main parts: a general part, with a theoretical substantiation role,
and a special (original) part, which includes the clinical and experimental studies carried out by
the author. The work is completed by general conclusions, bibliography and published articles
in extenso, which support the original character of the research.

+ The general part (chapters 1-3) has the role of theoretically and conceptually
substantiating the research topic.

e Chapter 1 presents the general principles of implant-supported partial prosthetic
restorations, with an emphasis on the role of prosthetic design in ensuring stability and
function.

e Chapter 2 analyzes the types of partial restorations on implants, the retention methods
(cemented versus screwed) and the materials used, highlighting the advantages and
limitations of each approach.

e Chapter 3 summarizes the factors influencing the clinical behavior of partial restorations,
including design parameters, retention, prosthetic complications, and clinical evaluation
criteria reported in the literature.

+ The special part (chapters 4-7) includes clinical research and analysis of the results
obtained.

e Chapter 4 presents a prospective clinical study that analyzes the mechanical behavior and
clinical performance of implant-retained partial restorations made of monolithic zirconia
compared to the hybrid metal-ceramic design. The chapter includes the scientific context,
methodology, clinical and mechanical results, as well as a discussion of the implications of
prosthetic design on complications and longevity of restorations.

e Chapter 5 addresses the retention and clinical stability of cemented implant-retained partial
restorations, through a retrospective clinical study correlated with experimental mechanical
validation. Two types of cementing agents (definitive and provisional) are comparatively
analyzed, evaluating the retention rate, decementation events, behavior depending on the
prosthetic abutment geometry and the clinical implications of the choice of cement.

e Chapter 6 presents the development and application of a structured radiological protocol
for the evaluation of implant-supported restorations throughout all therapeutic stages. The

chapter analyzes the integrated use of intraoral, panoramic and CBCT radiographs, with



emphasis on clinical justification, optimization of irradiation dose and the role of imaging in
the evaluation of prosthetic adaptation and peri-implant stability.

e Chapter 7 synthesizes the results obtained in all studies, correlating clinical, mechanical
and imaging data with the specialized literature. The practical implications of prosthetic
design decisions, methodological limitations of the research and future directions of
development in the field of partial prosthetic restorations on implants are discussed.

The thesis ends with a Conclusions section, which presents the degree of achievement
of the objectives, the original scientific contributions and the clinical relevance of the results,
followed by the Bibliography and the fully published articles, which support the original and

applicative character of the research..

4. MATERIALS AND METHODS

4.1. General framework, data source and ethical considerations

This thesis integrates data obtained from several types of investigations, corresponding
to each study included in the special part: prospective clinical studies, retrospective clinical
studies, in vitro experimental validations and analysis of the application of a standardized
clinical radiological protocol. All research activities were carried out in the same clinical and
laboratory setting, using uniform diagnostic, treatment and documentation protocols, in order
to limit methodological variability.

Clinical data were obtained from medical records, prosthetic documentation,
radiological images and periodic checks, and only cases with complete documentation and
adequate post-prosthetic follow-up were included. All data were anonymized prior to analysis.

Studies involving direct analysis of clinical cases were conducted in accordance with
the principles of the Declaration of Helsinki. The clinical research protocols were evaluated
and approved by the Ethics Committee of the “Victor Babes” University of Medicine and
Pharmacy in Timisoara (No. 21/08.01.2025), and all included patients signed informed consent

for the use of clinical and imaging data for scientific purposes.



4.2. Study 1 — Implant-supported partial restorations: monolithic design versus

hybrid design

Type of study: Comparative retrospective clinical study, performed on implant-
supported partial restorations, manufactured and delivered in the same clinical and laboratory
flow.

Study group: Fixed partial restorations on implants, performed either by monolithic
design (full zirconia) or by hybrid design (supporting infrastructure with ceramic layering), were
included, selected based on the existence of complete clinical documentation and adequate
post-prosthetic control. The cases were allocated to the two groups according to the prosthetic
concept used in current practice, without randomization.

Methods and evaluations:

The evaluation followed clinical and prosthetic parameters relevant to the performance
of partial restorations:

¢ clinical marginal adaptation, assessed by careful inspection and probing;

radiographic evaluation of marginal adaptation, when it was visible within the limits of
imaging resolution;
e integrity of the restorative material, with recording of the occurrence of chips or fractures;
o stability of the restoration over time, defined by the absence of mobility or decimation;
e need for prosthetic adjustments or reinterventions during follow-up.

Statistical analysis

The collected data were centralized in a database and statistically analyzed to compare
the performance of the two prosthetic design concepts. Quantitative variables were tested for
normality, and comparisons between the monolithic and hybrid groups were performed using
parametric or non-parametric tests, depending on the data distribution. Qualitative variables
(presence/absence of prosthetic complications) were analyzed using appropriate association
tests. The statistical significance threshold was set at p < 0.05.
The analysis was oriented towards identifying differences in behavior between the two

design concepts, without modifying the standard clinical protocols used in current practice.

4.3. Study 2 - Partial cemented restorations on implants: comparison between
DentoTemp and Fuji

Study type: Comparative retrospective clinical study, based on the evaluation of
implant-supported partial restorations cemented with two different types of cementing

materials.



Clinical group: Partial cemented restorations on implants were analyzed, divided into
two groups depending on the material used:
e DentoTemp group (temporary cement);
e Fuji group (resin-modified glass-ionomer cement).
Case selection was based on the existence of complete clinical documentation and
post-prosthetic follow-up.
Clinical evaluation methods
The clinical evaluation monitored parameters relevant to the stability and predictability
of cemented restorations on implants, including:
e retention of the restoration over time, defined as maintenance of the restoration without
demineralization;
e incidence of demineralization, with recording of the moment of their occurrence;
e need for recementation, including change of cementation material;
e clinical marginal stability, assessed by careful inspection and probing;
e radiographic assessment of marginal adaptation, when it was visible within the limits of
imaging resolution;
e behavior of the restorations at periodic check-ups, without the occurrence of major
biological or technical complications.
Experimental Mechanical Evaluations
To complement the clinical data, an in vitro mechanical verification component was
included, performed on prosthetic models manufactured under controlled conditions, separate
from the clinical cases. This aimed to evaluate the resistance of the prosthetic system
independent on biological variables.
The tests performed included:
e torque resistance testing, by applying a controlled torque above the usually recommended
clinical values, to assess the integrity of the prosthetic assembly;
e static compressive loading, applied axially, to simulate increased mechanical stresses, with
the observation of possible fractures, deformations or loss of retention.
Statistical analysis
The data obtained from the clinical and experimental evaluations were centralized and
statistically analyzed. The distribution of the data was verified by normality tests, and

comparisons between groups were performed using parametric or non-parametric tests,
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depending on the nature of the variables analyzed. The statistical significance threshold was
set at p < 0.05.

Methodological synthesis

By combining longitudinal clinical evaluation with experimental mechanical testing, this
study allowed the comparison of the performance of the two cementing materials both from the
perspective of real clinical behavior and the resistance of the prosthetic system under
controlled conditions. The approach was oriented towards identifying a balance between

retention, reversibility and medium-term stability.

4.4. Study 3 — Radiological protocol for the evaluation of implant-supported

restorations

Type of study: Observational clinical analysis and practice audit, oriented towards the
evaluation of the application of a standardized radiological protocol in the monitoring of
implant-supported restorations.

Study group: The analysis included radiological investigations related to implant-
supported restorations evaluated within the clinical studies presented in the thesis (partial
restorations and extended restorations), selected based on the existence of complete imaging
documentation and post-prosthetic controls. Only cases for which radiological images were
performed according to standardized clinical protocols and allowed the evaluation of the
continuity of the implant—abutment-restoration interface were included.

Imaging methods and analyzed parameters

Standard periapical and panoramic radiographs were analyzed, as well as limited-field
CBCT examinations, when these were clinically justified. The investigations were used to

evaluate the following parameters:

implant retention;

continuity of the implant—abutment—restoration interface;

peri-implant marginal bone stability;

presence or absence of radiolucent lines suggestive of prosthetic maladjustment.

The analysis did not aim to quantify microspaces below the resolution limit of the
radiological methods used, but to identify clinically relevant indirect radiographic indicators and
follow them over time, within the framework of periodic controls.

Data analysis and statistical approach
Radiological data were analyzed descriptively, with recording the frequency of relevant

observations (complete retention, non-retention, changes over time). When there were



comparative series (e.g., assessments at insertion versus subsequent controls), the
observations were compared longitudinally, without applying complex inferential statistical
tests, given the observational nature of the study and the purpose of clinical audit.

The results were interpreted in a clinical context, with emphasis on the reproducibility of
the radiological protocol, compliance with the ALARA principle and the usefulness of imaging
as a tool for monitoring prosthetic stability, not as a method for micro-metric quantification.

Methodological synthesis

This study aimed to evaluate the coherent and standardized application of radiological
investigations in the monitoring of implant-supported restorations, in correlation with clinical
and prosthetic data, without introducing additional investigations or unjustified exposures to the

patient.

5. MAIN RESULTS

This section presents exclusively the original results obtained in the studies included in
the special part of the thesis. The results are structured according to the three research
directions, without extensive interpretations or detailed comparisons with the specialized

literature, which are addressed in the discussion chapter.

5.1. Study 1 — Implant-supported partial restorations: monolithic design versus

hybrid design

The study included a total of 20 patients treated with implant-supported partial
restorations, distributed evenly into two groups: monolithic zirconia restorations (n = 10) and
metal-ceramic hybrid restorations (n = 10). The mean clinical follow-up was 3.0 + 1.5 years,
with no differences between groups.

During the observation period, the prosthetic survival rate was 100% in both groups,
with no major prosthetic failures requiring replacement of the restorations. All restorations
remained functional at the end of the follow-up period.

The distribution of complications revealed distinct patterns of mechanical behavior,
dependent on the prosthetic concept:

e In the monolithic group, the following were recorded:
o1 case of infrastructure fracture (10%);

o1 case of loosening of the fixation element (10%);
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o1 case of a problem related to the prosthetic gingival component (10%);

o7 restorations without complications (70%).

e +In the metal-ceramic hybrid group, the following were observed:

02 cases of chipping of the veneering ceramic (20%);

o2 cases of problems related to the prosthetic gingival components (20%);

06 restorations without complications (60%);

ono fractures of the metal infrastructure and no loosening of the fixation system.

The differences between the groups highlighted that hybrid restorations are more

susceptible to surface complications (chipping), while monolithic restorations tend to transfer

stresses to the fixation interface, without the occurrence of plating defects, inherent to the

layered design.

Table 5.1. Summary of clinical and mechanical complications according to prosthetic

design.

Indicator

Monolithic zirconia (n=10)

Metal-ceramic hybrid (n=10)

Prosthetic survival 100% 100%
Restorations without complications 70% 60%
Ceramic chipping 0% 20%
Fracture of infrastructure 10% 0%
Screw loosening 10% 0%
Prosthetic gingival problems 10% 20%
Mean follow-up (years) 3.0+15 3.0+15

Clinical and biological results

From a biological point of view, both prosthetic concepts demonstrated peri-implant

stability, with no marginal bone loss beyond accepted physiological limits and no occurrence of

active peri-implant pathology during the follow-up. Clinical examination confirmed the

maintenance of a healthy mucosal seal in both groups.

Patient-reported outcomes (VAS)

Subjective assessment using the VAS scale revealed significant differences in favor of

monolithic zirconia restorations:

e Aesthetic satisfaction was significantly higher in the monolithic group (9.4 £ 0.5 vs. 8.8 £

0.6, p = 0.03).

e For masticatory function and overall comfort, scores were high and comparable between

groups, with no statistically significant differences (p > 0.05)..
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Table 5.2. Patient-reported outcomes for the two prosthetic concepts.

Parameter (VAS) Monolithic Hybrid p
Aesthetic 94+05 8.8+0.6 0.03
Masticatory function 9.3+0.5 91+0.6 >0.05

The results demonstrate that both prosthetic concepts are clinically predictable in the
medium term, but present different complication profiles. Monolithic restorations completely
eliminated the risk of chipping, being associated with superior aesthetic scores, while hybrid
restorations maintained the integrity of the metal infrastructure, but with a higher incidence of

ceramic veneering defects.

5.2. Study 2 - Partial cemented restorations on implants (Fuji Plus® vs.

DentoTemp™)

The study included 40 implant-retained partial restorations, clinically followed for a
minimum of 3 years, evenly distributed according to restoration material (monolithic zirconia
vs. metal—-ceramic) and cement type (Fuji Plus® vs. DentoTemp ™), resulting in four equal
subgroups (n = 10).

5.2.1. Clinical retention results

During the follow-up period, 4 retention loss events were recorded, representing 10% of
the total restorations analyzed. All de-cementation events occurred exclusively in the
DentoTemp™ cemented group, while no Fuji Plus® cemented restorations showed retention
loss.

e Retention rate by cement:
oFuji Plus®: 100% (0/20 failures)
oDentoTemp™: 80% (4/20 failures)

The difference between the two types of cement did not reach statistical significance
(Fisher exact test, p = 0.114), but the clinical trend was clear and consistent.

5.2.2. Results by restoration material

Analysis by prosthetic material revealed a higher retention rate for zirconia restorations
compared to metal-ceramic restorations:

e Monolithic zirconia: 95% retention (1/20 failure)
e Metal-ceramic: 85% retention (3/20 failures)

The difference was not statistically significant (Fisher exact test, p = 0.60), but the

numerical distribution of events suggests a higher susceptibility to loss of retention in the case

of metal—-ceramic restorations.
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5.2.3. Timing of retention failures

The four retention loss events occurred between 7 and 15 months post-insertion:
e 2 cases between 7-10 months
e 1 case at 12 months
e 1 case at 15 months

After recementation with Fuji Plus®, no further decimation events were recorded during
the follow-up period. These restorations were not re-entered in the survival analysis to avoid
biasing the comparative results.

5.2.4. Influence of prosthetic abutment height

In 3 of the 4 failure cases (75%), the restorations were supported by short prosthetic
abutments (5 mm). Only one failure was associated with a 7 mm abutment. All of these cases
were located in posterior areas, subject to increased occlusal stresses.

5.2.5. Survival Analysis

Kaplan—Meier analysis revealed the following cumulative survival rates at 36 months:
e Fuji Plus®: 100%
e DentoTemp™: 80%
e Zirconium: 95%
e Metal-ceramic: 85%

Due to the small number of events, the analysis is descriptive in nature, without further

inferential testing.

Figure 5.1. Kaplan—Meier analysis of retention of cemented implant restorations by cement type
Kaplan-Meier Survival Curves by Cement Type
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5.2.6. Mechanical validation results
Uniaxial mechanical testing confirmed the clinically observed differences. The force
required for de-cementation was significantly higher for Fuji Plus® cemented restorations

compared to DentoTemp ™, regardless of prosthetic abutment height:

o Fuji Plus®:
o abutment 7 mm: ~294 N
o abutment 5 mm: ~236 N

e DentoTemp™:
o abutment 7 mm: ~143 N
o abutment 5 mm: ~89 N
The most vulnerable configuration was represented by DentoTemp™ combined with 5

mm abutments, corresponding to the maijority of clinical failures observed.

5.3. Study 3 - Radiological protocol for the evaluation of implant-supported

restorations

The study included a total of 50 adult patients treated with implant-supported
restorations (unitary, partial and full-arch), monitored according to a staged radiological
protocol throughout the entire treatment. The analysis period was between 2019 and 2025.

Distribution of radiological investigations

The retrospective analysis revealed a differentiated use of imaging methods, correlated
with the therapeutic stage. The total mean number of radiological investigations per patient

was:

e OPG: 6,26 £ 3,08;
e CBCT: 2,68 +2,14;
¢ Intraoral radiographs: 2,66 + 3,40.
The high variability observed especially for intraoral radiographs reflects the adaptation
of the protocol to the individual complexity of the cases.
Distribution of imaging according to therapeutic stage
The analysis by stage revealed distinct patterns of use for each imaging modality:
e OPG was the most frequently used method in all stages, with a significant peak in the
prosthetic phase (stage 5), where the average was 2.16 investigations/patient.
e CBCT was predominantly focused in the early stages (diagnosis and planning), with a

significant decrease in use in the late stages.
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e Intraoral radiographs were predominantly used in the pre-prosthetic stage (stage 2),

associated with endodontic treatments and local precision assessments.

Means values of nr of radiographs for each treatment phase
25

15
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Figure 5.2. Average number of radiological investigations by treatment stage

Table 5.3. Use of radiological investigations by treatment stage

OPG CBCT Intraoral X-ray S
Etapa (Mean) (Mean) (Mean) Main indication
Initial consultation — most patients had both OPG
1 1,00 0,96 0,22 and CBCT
2 0.58 0.06 1,94 Endodontic treatment —llntraoral radiographs
predominate
Surgical guidance — CBCT used for planning
3 0,34 0,74 0,08 implants and/or augmentations
4 1,06 0.60 0.20 Post-surgical assessment — OPG for global
control
Prosthetic phase — OPG used to check
S 2,16 0.16 0,16 restorations
6 1,06 0.04 0,00 Post-treatment fgllow-up — OPG is the
predominant method

Correlational analysis revealed significant relationships between the treatment stage

and the type of investigation used:

e The use of OPG showed a significant positive correlation with the progression of treatment
(Spearman p = +0.41; p < 0.01), indicating the increasing frequency of this method in the

prosthetic and follow-up phases.
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e The use of CBCT showed a significant negative correlation with the treatment stage
(Spearman p = -0.35; p < 0.05), confirming its dominant role in the diagnostic and planning
stages.

e The use of intraoral radiographs did not demonstrate a significant correlation with the
therapeutic stage (p = +0.12; p > 0.05), reflecting their punctual and clinically indicated
character.

The Mann-Whitney U test confirmed statistically significant differences between stages:

e The use of OPG was significantly higher in the prosthetic stage compared to the other
stages (p < 0.001);

e CBCT use was significantly higher in the initial diagnostic stage compared to later stages (p
<0.01).

Estimates of the effective dose associated with the applied protocol revealed values

within the recommended limits for dental imaging:

e intraoral radiographs: 1.5-5 pSy;
e OPG: 10-15 uSy;
e CBCT: 31-83 uSv, depending on the field of view and the protocol used..

Table 5.4. Radiation doses used in the radiological protocol compared to reference

values
Method Doses (USv) | Recommended doses (uSv)
Intraoral 1.5-2 1-8
OPG 10-15 4-30
CBCT small ~31 <50
CBCT medium ~60 <75
CBCT big ~83 =100

The selective application of CBCT, with the predominant use of narrow fields and low-
dose protocols, allowed limiting the cumulative exposure without compromising the necessary

diagnostic information.
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6. DISCUSSIONS AND ORIGINAL CONTRIBUTIONS

6.1. Study 1 - Implant-retained partial restorations: monolithic versus hybrid

design

The results of Study 1 confirm that both monolithic zirconia and hybrid metal-ceramic
restorations represent predictable clinical solutions in the medium term for implant-retained
partial restorations, with a prosthetic survival rate of 100% in both groups. However, the
comparative analysis highlights clear differences in the typology and mechanism of
complications, closely correlated with the prosthetic architecture and the mechanical properties
of the materials used.

Hybrid restorations showed an increased incidence of surface complications, especially
chipping of the veneering ceramic, a phenomenon well documented in the literature and
associated with layered structures. This type of complication, although rarely catastrophic,
implies the need for maintenance interventions and can influence long-term aesthetic
satisfaction. In contrast, monolithic restorations completely eliminated this type of complication,
confirming the structural advantage of the unitary design, without an infrastructure-veneer
interface.

On the other hand, in the monolithic group, localized mechanical events were observed
at the fixation interface (screw loosening, loss of retention), suggesting a different mechanism
of occlusal stress dissipation. The increased rigidity of monolithic zirconia favors the
transmission of forces to the prosthetic components and implantation, which requires
increased attention in terms of abutment design, fixation protocol and occlusal control.

Original contributions of Study 1:

e Clinical demonstration that monolithic design completely eliminates the risk of chipping in
implant-supported partial restorations.

¢ |dentification of a distinct complication profile for each prosthetic concept, with direct
implications for maintenance planning.

e Superior validation of monolithic restorations from an aesthetic point of view, confirmed by
significantly higher VAS scores.

e Transfer of observations from studies on complete restorations to a more complex
biomechanical context, specific to partial restorations, in which the influence of adjacent

natural teeth is major.
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6.2. Study 2 — Cemented partial restorations on implants: comparison between

DentoTemp and Fuji

The comparative analysis of cementation materials highlighted the direct impact of the
choice of cement on prosthetic stability and the need for recementation interventions. Although
both materials allow for the initial clinical integration of the restorations, their behavior over
time is different.

The provisional cement (DentoTemp) was associated with a higher rate of
demineralization, a phenomenon explained by the reduced mechanical strength and increased
solubility in the oral environment. These characteristics, although advantageous from the
perspective of reversibility, limit the medium-term predictability in implant-supported partial
restorations, subject to repeated functional loads.

In contrast, the resin-modified glass-ionomer cement (Fuji) demonstrated superior
stability, with a significantly reduced number of retention loss events. This performance
suggests an optimal compromise between retention and clinical control, making it a suitable
option for definitive restorations, under the conditions of rigorous adherence to the protocol of
isolation and removal of excess cement.

Original contributions of Study 2:

e Providing real comparative clinical data on the medium-term behavior of two cements
frequently used in current practice.

e Clarifying the role of provisional cement as a transitional, not definitive, solution in implant-
supported partial restorations.

e Integrating the assessment of prosthetic retention with the clinical analysis of marginal
stability and the need for maintenance interventions.

e Supporting a gradual approach to cementation, tailored to the individual biomechanical risk
of each case.

6.3. Radiological evaluation in implant-supported restorations: staged protocol

and dose optimization

The results of Study 3 demonstrate that the use of a structured radiological protocol,
adapted to each therapeutic stage, allows obtaining the necessary diagnostic information with
minimal patient exposure to radiation. The analysis of the frequency of radiological
investigations highlighted a clear pattern of differentiated use of imaging methods.

CBCT was predominantly focused in the initial stages of diagnosis and planning, where

three-dimensional information is essential for assessing bone volume and implant positioning.
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In the late stages, the role of CBCT decreased significantly, being strictly reserved for
situations with precise clinical indication. In contrast, panoramic radiography (OPG) became
the basic method in the prosthetic phase and in long-term monitoring, offering effective global
control with a reduced dose.

Intraoral radiographs had a punctual role, oriented towards the verification of fine
details, such as the adaptation of prosthetic components and the assessment of localized
bone. This selective use confirms the application of the ALADAIP principle and the avoidance
of redundant investigations.

Original contributions of Study 3:

e Proposing and clinical validation of a staged radiological protocol, applicable to implant-
supported restorations.

e Demonstrating that CBCT should not be used as a routine monitoring method, but as a tool
for solving complex situations.

e Correlating therapeutic stages with the type of imaging investigation, in a coherent and
reproducible framework.

¢ Integrating radiation dose optimization into the clinical decision-making flow, with direct

benefits on patient safety.

7. CONCLUSIONS

This thesis addressed the optimization of implant-supported partial restoration design
through an integrated analysis of the prosthetic flow, the constructive concept of the
restoration, and the clinical and radiological evaluation strategies. The research was structured
in complementary studies, each addressing a critical stage in the prosthetic decision-making
chain, from obtaining the initial adaptation to the clinical behavior over time.

The results obtained demonstrate that the performance of implant-supported partial
restorations is not determined by a single isolated parameter, but by the correlation between
the precision of the manufacturing flow, the prosthetic abutment geometry, the restorative
material, and the retention method. In this context, design optimization should be viewed as a
systemic process, not as a point choice of material or technique.

The comparison of the impression workflows highlighted the clinical and operational
advantages of digital technology, which allowed for a predictable prosthetic fit and a significant
reduction in working time, without compromising the criteria of fit and functionality. The
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integration of objective assessments with patient-reported data contributed to a realistic
assessment of the clinical usability of each protocol.

Analysis of partial zirconia restorations showed that the monolithic design eliminates the
risk of ceramic veneering defects, but transfers the stresses to the implant—-abutment—
restoration interface, highlighting the importance of controlling prosthetic geometry and
occlusion. Hybrid designs demonstrated an acceptable clinical behavior, but with a different
complication profile, predominantly surface-related, confirming the need to select the design
according to the biomechanical context.

Studies on the retention of cemented restorations highlighted the decisive impact of the
cementing agent and prosthetic abutment height on clinical stability. The use of provisional
cements can be justified in “controlled retrieveability” strategies, but only under favorable
biomechanical conditions. In contrast, definitive cements offer superior stability in high-risk
situations, confirming the role of cementation as an active element of prosthetic design, not as
a simple final technical step.

Radiological evaluation was integrated as a clinical validation tool, not as a micrometric
quantification method. The results support the rational and staged use of imaging
investigations, with an emphasis on clinical justification and optimization of the irradiation
dose. The proposed radiological protocol demonstrated practical utility in documenting
prosthetic retention and peri-implant stability in the medium term.

Overall, the thesis proposes a coherent model for optimizing the design of implant-
supported partial restorations, based on the integration of biomechanical, prosthetic and
imaging principles. The application of this model allows for the reduction of mechanical and
biological complications and increased clinical predictability, providing a rational framework for

the selection of restorative design in contemporary implantology practice.
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REZUMAT

1. INTRODUCERE

Restaurarile protetice partiale implanto-sustinute reprezinta o solutie terapeutica
frecvent utilizata in reabilitarea edentatiilor limitate, avand ca obiectiv restabilirea functiei, a
esteticii si a stabilitatii ocluzale. Spre deosebire de reabilitarile extinse de tip full-arch,
restaurarile partiale sunt caracterizate printr-un numar redus de implanturi, prin solicitari
biomecanice mai concentrate si printr-o dependenta accentuata de designul protetic ales. in
acest context, deciziile legate de tipul restaurarii, de modul de retentie, de materialele utilizate
si de geometria componentelor protetice pot influenta direct comportamentul clinic al lucrarii, in
special in ceea ce priveste stabilitatea, necesitatea interventiilor ulterioare si durabilitatea pe
termen mediu.

Literatura de specialitate a analizat extensiv diferite aspecte ale restaurarilor partiale pe
implanturi, incluzand comparatia dintre restaurarile cimentate si cele insurubate, performanta
materialelor protetice (zirconiu, metalo-ceramica), influenta inaltimii bontului protetic si rolul
diferitelor tipuri de ciment. Studiile publicate raporteaza rezultate variabile privind retentia,
frecventa decimentarilor si incidenta complicatiilor protetice, sugerand ca performanta clinica
nu este determinata de un singur factor izolat, ci de interactiunea dintre mai multi parametri de
design. In acest sens, designul restaurdrii este descris ca un element central in controlul
comportamentului functional si al stabilitatii clinice.

Cu toate acestea, datele disponibile in literatura prezinta limitari importante. O parte
semnificativa a studiilor sunt realizate in conditii experimentale in vitro, cu aplicabilitate clinica
limitata, iar studiile clinice disponibile sunt adesea heterogene din punct de vedere al
protocoalelor, materialelor si criteriilor de evaluare. De asemenea, numeroase cercetari
analizeaza separat materialele, cimentele sau tipul de retentie, fara a integra acesti factori intr-
un cadru coerent de design protetic. Lipsa unor criterii standardizate pentru selectia
restaurarilor partiale pe implanturi conduce la dificultati in compararea rezultatelor si la
formularea unor recomandari clinice general valabile.

In acest context, teza de doctorat intitulatd ,Optimizing the Design of Partial Prosthetic
Restorations on Implants” isi propune sa abordeze designul restaurarilor partiale implanto-
sustinute ca un ansamblu de decizii protetice interdependente, care influenteaza retentia,
stabilitatea si comportamentul clinic al restaurarilor. Tema este delimitata prin concentrarea
asupra restaurarilor partiale, cu accent pe tipul de retentie, materialele utilizate si parametrii de
design protetic, analizate in cadrul unor studii clinice retrospective. Justificarea cercetarii
deriva din necesitatea unei abordari integrate, bazate pe date clinice, care sa permita
optimizarea selectiei designului protetic in functie de contextul clinic si de obiectivele
terapeutice.



2. SCOPUL $I OBIECTIVELE TEZEI

2.1 Scopul cercetarii

Scopul prezentei teze de doctorat este optimizarea designului restaurarilor protetice
partiale implanto-sustinute prin analiza relatiei dintre tipul restaurarii, metodele de retentie si
materialele utilizate, cu evaluarea impactului acestora asupra stabilitatii clinice si a
performantei pe termen mediu.

2.2 Obiectivele generale si specifice

Obiectiv general: Evaluarea influentei designului protetic asupra retentiei si stabilitatii
restaurarilor protetice partiale implanto-sustinute, in vederea formularii unor criterii de selectie
clinica fundamentate pe date obiective.

Obiective specifice:

1. Evaluarea comportamentului clinic al restaurarilor protetice partiale implanto-sustinute
realizate prin tehnici de retentie diferite (cimentare versus insurubare).

2. Analiza influentei tipului de ciment asupra retentiei si necesitatii interventiilor protetice
ulterioare in restaurarile cimentate pe implanturi.

3. Compararea performantei clinice a restaurarilor partiale realizate din materiale protetice
diferite, in contextul designului ales.

4. Corelarea parametrilor de design protetic cu incidenta complicatiilor si cu stabilitatea clinica
a restaurarilor partiale implanto-sustinute pe termen mediu.

3. STRUCTURA TEZEI

Teza de doctorat intitulata ,,Optimizing the Design of Partial Prosthetic Restorations on
Implants” este structurata in doua parti principale: o parte generala, cu rol de fundamentare
teoretica, si o parte speciala (originala), care cuprinde studiile clinice si experimentale realizate
de autor. Lucrarea este completata de concluzii generale, bibliografie si articolele publicate in
extenso, care sustin caracterul original al cercetarii.

¢ Partea generala (capitolele 1-3) are rolul de a fundamenta teoretic si conceptual
tema cercetarii.

e Capitolul 1 prezinta principiile generale ale restaurarilor protetice partiale implanto-
sustinute, cu accent pe rolul designului protetic in asigurarea stabilitatii si functiei.

e Capitolul 2 analizeaza tipurile de restaurari partiale pe implanturi, metodele de retentie
(cimentate versus insurubate) si materialele utilizate, evidentiind avantajele si limitarile
fiecarei abordari.

o Capitolul 3 sintetizeaza factorii care influenteaza comportamentul clinic al restaurarilor
partiale, incluzand parametrii de design, retentia, complicatiile protetice si criteriile de
evaluare clinica raportate in literatura de specialitate.

+ Partea speciala (capitolele 4-7) cuprinde cercetarea clinica si analiza rezultatelor
obtinute.

e Capitolul 4 prezinta un studiu clinic prospectiv care analizeaza comportamentul mecanic Si
performanta clinica a restaurarilor partiale implanto-sustinute realizate din zirconiu
monolitic comparativ cu designul hibrid metalo-ceramic. Capitolul include contextul stiintific,



metodologia, rezultatele clinice si mecanice, precum si discutarea implicatiilor designului
protetic asupra complicatiilor si longevitatii restaurarilor.

o Capitolul 5 abordeaza retentia si stabilitatea clinica a restaurarilor partiale implanto-
sustinute cimentate, printr-un studiu clinic retrospectiv corelat cu validare mecanica
experimentald. Sunt analizate comparativ doua tipuri de agenti de cimentare (definitivi si
provizorii), fiind evaluate rata de retentie, evenimentele de decimentare, comportamentul in
functie de geometria bontului protetic si implicatiile clinice ale alegerii cimentului.

o Capitolul 6 prezinta dezvoltarea si aplicarea unui protocol radiologic structurat pentru
evaluarea restaurarilor implanto-sustinute pe parcursul tuturor etapelor terapeutice.
Capitolul analizeaza utilizarea integrata a radiografiilor intraorale, panoramice si a
tomografiei CBCT, cu accent pe justificarea clinica, optimizarea dozei de iradiere si rolul
imagisticii in evaluarea adaptarii protetice si a stabilitatii peri-implantare.

o Capitolul 7 sintetizeaza rezultatele obtinute in cadrul tuturor studiilor, coreland datele
clinice, mecanice si imagistice cu literatura de specialitate. Sunt discutate implicatiile
practice ale deciziilor de design protetic, limitele metodologice ale cercetarii si directiile
viitoare de dezvoltare in domeniul restaurarilor protetice partiale pe implanturi.

Teza se incheie cu o sectiune de Concluzii, in care sunt prezentate gradul de realizare

a obiectivelor, contributiile stiintifice originale si relevanta clinica a rezultatelor, urmata de

Bibliografie si de articolele publicate integral, care sustin caracterul original si aplicativ al

cercetarii.

4. MATERIALE SI METODE

4.1. Cadru general, sursa datelor si considerente etice

Prezenta teza integreaza date obtinute din mai multe tipuri de investigatii,
corespunzatoare fiecarui studiu inclus in partea speciala: studii clinice prospective, studii
clinice retrospective, validari experimentale in vitro si analiza aplicarii unui protocol radiologic
clinic standardizat. Toate activitatile de cercetare au fost desfasurate in acelasi cadru clinic si
de laborator, utilizadnd protocoale unitare de diagnostic, tratament si documentare, pentru a
limita variabilitatea metodologica.

Datele clinice au fost obtinute din fise medicale, documentatie protetica, imagini
radiologice si controale periodice, fiind incluse exclusiv cazurile cu documentatie completa si
urmarire post-protetica adecvata. Toate datele au fost anonimizate anterior analizei.

Studiile care au implicat analiza directa a cazurilor clinice au fost realizate in
conformitate cu principiile Declaratiei de la Helsinki. Protocoalele de cercetare clinica au fost
evaluate si aprobate de Comisia de Etica a Universitatii de Medicina si Farmacie ,,Victor
Babes” din Timisoara (Nr. 21/08.01.2025), iar toti pacientii inclusi au semnat consimtamant
informat pentru utilizarea datelor clinice si imagistice in scop stiintific.

4.2. Studiul 1 — Restaurari partiale implanto-sustinute: design monolitic versus
design hibrid

Tipul studiului: Studiu clinic retrospectiv comparativ, realizat pe restaurari partiale
implanto-sustinute, fabricate si livrate in acelasi flux clinic si de laborator.

Lotul de studiu: Au fost incluse restaurari partiale fixe pe implanturi, realizate fie prin
design monolitic (zirconiu integral), fie prin design hibrid (infrastructura de sustinere cu



stratificare ceramica), selectate pe baza existentei documentatiei clinice complete si a unui
control post-protetic adecvat. Cazurile au fost alocate in cele doua grupuri in functie de
conceptul protetic utilizat in practica curenta, fara randomizare.

Evaluarea a urmarit parametri clinici si protetici relevanti pentru performanta
restaurarilor partiale:

e adaptarea marginala clinica, evaluata prin inspectie si sondare atents;

e evaluarea radiografica a adaptarii marginale, atunci cand aceasta a fost vizibila in limitele
rezolutiei imagistice;

¢ integritatea materialului restaurator, cu inregistrarea aparitiei ciobirilor sau fracturilor;

o stabilitatea restaurarii in timp, definita prin absenta mobilitatii sau a decimentarii;

e necesitatea ajustarilor sau a reinterventiilor protetice pe parcursul urmaririi.

Datele colectate au fost centralizate intr-o baza de date si analizate statistic pentru
compararea performantei celor doua concepte de design protetic. Variabilele cantitative au
fost testate pentru normalitate, iar comparatiile intre grupul monolitic si grupul hibrid au fost
realizate utilizand teste parametrice sau non-parametrice, in functie de distributia datelor.
Variabilele calitative (prezenta/absenta complicatiilor protetice) au fost analizate prin teste de
asociere corespunzatoare. Pragul de semnificatie statistica a fost stabilit la p < 0,05.

Analiza a fost orientata catre identificarea diferentelor de comportament intre cele doua
concepte de design, fara modificarea protocoalelor clinice standard utilizate in practica
curenta.

4.3. Studiul 2 — Restaurari partiale cimentate pe implanturi: comparatia dintre
DentoTemp si Fuiji

Tipul studiului: Studiu clinic retrospectiv comparativ, bazat pe evaluarea restaurarilor
partiale implanto-sustinute cimentate cu doua tipuri diferite de materiale de cimentare.

Lotul clinic: Au fost analizate restaurari partiale cimentate pe implanturi, impartite in
doua grupuri in functie de materialul utilizat:
e grupul DentoTemp (ciment provizoriu);
e grupul Fuji (ciment glass-ionomer modificat cu rasina).

Selectia cazurilor s-a realizat pe baza existentei documentatiei clinice complete si a
urmaririi post-protetice.

Evaluarea clinica a urmarit parametri relevanti pentru stabilitatea si predictibilitatea
restaurarilor cimentate pe implanturi, incluzand:
o retentia restaurarii in timp, definitd ca mentinerea restaurarii fara decimentare;
e incidenta decimentarilor, cu nregistrarea momentului aparitiei acestora;
e necesitatea recimentarii, inclusiv schimbarea materialului de cimentare;
o stabilitatea marginala clinica, evaluata prin inspectie si sondare atents;
e evaluarea radiografica a adaptarii marginale, atunci cand aceasta a fost vizibila in limitele

rezolutiei imagistice;
e comportamentul restaurarilor la controalele periodice, fara aparitia complicatiilor biologice
sau tehnice majore.

Pentru completarea datelor clinice, a fost inclusa o componenta de verificare mecanica

in vitro, realizata pe modele protetice fabricate in conditii controlate, separate de cazurile
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clinice. Aceasta a avut ca scop evaluarea rezistentei sistemului protetic independent de
variabilele biologice.

Testele efectuate au inclus:

e testarea la cuplu (torque resistance), prin aplicarea unui cuplu controlat peste valorile uzual
recomandate clinic, pentru evaluarea integritatii ansamblului protetic;

e incarcare compresiva statica, aplicata axial, pentru simularea solicitarilor mecanice
crescute, cu observarea eventualelor fracturi, deformari sau pierderi de retentie.

Datele obtinute din evaluarile clinice si experimentale au fost centralizate si analizate
statistic. Distributia datelor a fost verificata prin teste de normalitate, iar comparatiile intre
grupuri au fost realizate utilizand teste parametrice sau non-parametrice, in functie de natura
variabilelor analizate. Pragul de semnificatie statistica a fost stabilit la p < 0,05.

Prin combinarea evaluarii clinice longitudinale cu testarea mecanica experimentala,
acest studiu a permis compararea performantei celor doua materiale de cimentare atat din
perspectiva comportamentului clinic real, cat si a rezistentei sistemului protetic in conditii
controlate. Abordarea a fost orientata catre identificarea unui echilibru intre retentie,
reversibilitate si stabilitate pe termen mediu.

4.4. Studiul 3 - Protocol radiologic pentru evaluarea restaurarilor implanto-
sustinute

Tipul studiului: Analiza clinica observationala si audit de practica, orientata catre
evaluarea aplicarii unui protocol radiologic standardizat in monitorizarea restaurarilor pe
implanturi.

Lotul de studiu: Analiza a inclus investigatii radiologice aferente restaurarilor implanto-
sustinute evaluate in cadrul studiilor clinice prezentate in teza (restaurari partiale si restaurari
extinse), selectate pe baza existentei documentatiei imagistice complete si a controalelor post-
protetice. Au fost incluse exclusiv cazurile pentru care imaginile radiologice au fost realizate
conform protocoalelor clinice standardizate si au permis evaluarea continuitatii interfetei
implant—abutment-restaurare..

Au fost analizate radiografii periapicale si panoramice standard, precum si examinari
CBCT cu camp limitat, atunci cand acestea au fost justificate clinic. Investigatiile au fost
utilizate pentru evaluarea urmatorilor parametri:

e sederea restaurarilor pe implanturi;

e continuitatea interfetei implant-abutment—restaurare;

e stabilitatea osoasa marginala peri-implantara;

e prezenta sau absenta liniilor radiotransparente sugestive pentru neadaptare protetica.

Analiza nu a urmarit cuantificarea microspatiilor sub limita de rezolutie a metodelor
radiologice utilizate, ci identificarea indicatorilor radiografici indirecti relevanti clinic si urmarirea
acestora in timp, in cadrul controalelor periodice.

Datele radiologice au fost analizate descriptiv, cu inregistrarea frecventei observatiilor
relevante (sedere completa, nesedere, modificari in timp). Atunci cand au existat serii
comparative (de exemplu, evaluari la inserare versus controale ulterioare), observatiile au fost
comparate longitudinal, fara aplicarea unor teste statistice inferentiale complexe, avand in
vedere natura observationala a studiului si scopul de audit clinic.



Rezultatele au fost interpretate in context clinic, cu accent pe reproductibilitatea
protocolului radiologic, respectarea principiului ALARA si utilitatea imagisticii ca instrument de
monitorizare a stabilitatii protetice, nu ca metoda de cuantificare micro-metrica.

Acest studiu a avut rolul de a evalua aplicarea coerenta si standardizata a investigatiilor
radiologice in monitorizarea restaurarilor implanto-sustinute, in corelatie cu datele clinice si
protetice, fara a introduce investigatii suplimentare sau expuneri nejustificate pacientului.

5. REZULTATE PRINCIPALE

In aceasta sectiune sunt prezentate exclusiv rezultatele originale obtinute in cadrul
studiilor incluse in partea speciala a tezei. Rezultatele sunt structurate conform celor trei
directii de cercetare, fara interpretari extinse sau comparatii detaliate cu literatura de
specialitate, acestea fiind abordate in capitolul de discutii.

5.1. Studiul 1 — Restaurari partiale implanto-sustinute: design monolitic versus

design hibrid

Studiul a inclus un total de 20 de pacienti tratati cu restaurari partiale implanto-
sustinute, distribuiti echilibrat in doua grupuri: restaurari monolitice din zirconiu (n = 10) si
restaurari hibride metal-ceramice (n = 10). Durata medie de urmarire clinica a fostde 3,0 + 1,5

ani, fara diferente intre grupuri.

Pe parcursul perioadei de observatie, rata de supravietuire protetica a fost de 100% in
ambele grupuri, nefiind Tnregistrate esecuri protetice majore care sa impuna inlocuirea
restaurarilor. Toate lucrarile au ramas functionale la finalul intervalului de urmarire.

Distributia complicatiilor a evidentiat modele distincte de comportament mecanic,

dependente de conceptul protetic:

e In grupul monolitic, au fost inregistrate: 1 caz de fractura de infrastructura (10%); 1 caz de
slabire a elementului de fixare (10%); 1 caz de problema legata de componenta gingivala
protetica (10%); 7 restaurari fara complicatii (70%).

e in grupul hibrid metal-ceramic, au fost observate: 2 cazuri de chipping al ceramicii de
placare (20%); 2 cazuri de probleme legate de componentele gingivale protetice (20%); 6
restaurari fara complicatii (60%); fara fracturi ale infrastructurii metalice si fara slabiri ale

sistemului de fixare.

Diferentele dintre grupuri au evidentiat faptul ca restaurarile hibride sunt mai
susceptibile la complicatii de suprafata (chipping), in timp ce restaurarile monolitice tind sa
transfere solicitarile catre interfata de fixare, fara aparitia defectelor de placare, inerente

designului stratificat.

Tabelul 5.1. Sinteza complicatiilor clinice si mecanice in functie de designul protetic.

Indicator Monolitic zirconiu (n=10) Hibrid metal—ceramic (n=10)
Supravietuire protetica 100% 100%
Restaurari fara complicatii 70% 60%
Chipping ceramic 0% 20%
Fractura infrastructura 10% 0%
Slabire surub 10% 0%
Probleme gingivale protetice 10% 20%
Follow-up mediu (ani) 3.0+15 3.0+15




Din punct de vedere biologic, ambele concepte protetice au demonstrat stabilitate peri-
implantara, fara pierderi osoase marginale peste limitele fiziologice acceptate si fara aparitia
patologiei peri-implantare active pe durata urmaririi. Examinarea clinica a confirmat
mentinerea unui sigiliu mucosal sanatos in ambele grupuri.

Evaluarea subiectiva prin scala VAS a evidentiat diferente semnificative in favoarea
restaurarilor monolitice din zirconiu:

» Satisfactia estetica a fost semnificativ mai mare in grupul monolitic

(9,4+£0,5vs.8,8+0,6,p=0,03).

» Pentru functia masticatorie si confortul general, scorurile au fost ridicate si comparabile

intre grupuri, fara diferente semnificative statistic (p > 0,05).

Tabelul 5.2. Rezultate raportate de pacient pentru cele doua concepte protetice

Parametru (VAS) Monolitic Hibrid p
Estetica 9.4+0.5 8.8+0.6 0.03
Functie masticatorie 9.3£0.5 9.1+0.6 >0.05

Rezultatele demonstreaza ca ambele concepte protetice sunt clinic predictibile pe
termen mediu, insa prezinta profiluri diferite de complicatii. Restaurarile monolitice au eliminat
complet riscul de chipping, asociindu-se cu scoruri estetice superioare, in timp ce restaurarile
hibride au mentinut integritatea infrastructurii metalice, dar cu o incidentd mai mare a
defectelor de placare ceramica.

5.2. Studiul 2 - Restaurari partiale cimentate pe implanturi (Fuji Plus® vs.
DentoTemp™)

Studiul a inclus 40 de restaurari partiale implanto-sustinute, urmarite clinic pe o
perioada minima de 3 ani, distribuite uniform Tn functie de materialul restaurarii (zirconiu
monolitic vs. metal-ceramic) si tipul de ciment (Fuji Plus® vs. DentoTemp ™), rezultand patru
subgrupuri egale (n = 10).

5.2.1. Rezultate privind retentia clinica

Pe parcursul perioadei de urmarire, au fost inregistrate 4 evenimente de pierdere a
retentiei, reprezentand 10% din totalul restaurarilor analizate. Toate evenimentele de
decimentare au aparut exclusiv in grupul cimentat cu DentoTemp™, in timp ce nicio
restaurare cimentata cu Fuji Plus® nu a prezentat pierdere de retentie. Rata de retentie in
functie de ciment: Fuji Plus®: 100% (0/20 esecuri); DentoTemp™: 80% (4/20 esecuri)

Diferenta dintre cele doua tipuri de ciment nu a atins pragul de semnificatie statistica
(Fisher exact test, p = 0,114), insa tendinta clinica a fost clara si constanta.

5.2.2. Rezultate in functie de materialul restaurarii

Analiza in functie de materialul protetic a evidentiat o rata de retentie mai mare pentru
restaurarile din zirconiu comparativ cu cele metal—ceramice: Zirconiu monolitic: 95% retentie
(1/20 esec); Metal-ceramic: 85% retentie (3/20 esecuri).

Diferenta nu a fost statistic semnificativa (Fisher exact test, p = 0,60), insa distributia
numerica a evenimentelor sugereaza o susceptibilitate mai mare la pierderea retentiei in cazul
restaurarilor metal-ceramice.

5.2.3. Momentul aparitiei esecurilor de retentie

Cele patru evenimente de pierdere a retentiei au aparut intre 7 si 15 luni post-insertie: 2
cazuri intre 7-10 luni; 1 caz la 12 luni; 1 caz la 15 luni.




Dupa recimentare cu Fuji Plus®, nu au mai fost inregistrate alte evenimente de
decimentare pe durata urmaririi ulterioare. Aceste restaurari nu au fost reintroduse in analiza
de supravietuire pentru a evita distorsionarea rezultatelor comparative.

5.2.4. Influenta inaltimii bontului protetic

in 3 din cele 4 cazuri de esec (75%), restaurérile au fost sustinute de bonturi protetice
scurte (5 mm). Doar un singur esec a fost asociat cu un bont de 7 mm. Toate aceste cazuri au
fost localizate in zone posterioare, supuse unor solicitari ocluzale crescute.

5.2.5. Analiza de supravietuire

Analiza Kaplan—Meier a evidentiat urmatoarele rate cumulative de supravietuire la 36
de luni: Fuji Plus®: 100%; DentoTemp™: 80%; Zirconiu: 95%; Metal-ceramic: 85%.

Din cauza numarului redus de evenimente, analiza are caracter descriptiv, fara testare
inferentiala suplimentara.

Kaplan-Meier Survival Curves by Cement Type
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Figura 5.1. Analiza Kaplan—Meier a retentiei restaurarilor cimentate pe implanturi in
functie de tipul de ciment

5.2.6. Rezultatele validarii mecanice

Testarea mecanica uniaxiala a confirmat diferentele observate clinic. Forta necesara
pentru decimentare a fost semnificativ mai mare pentru restaurarile cimentate cu Fuji Plus®
comparativ cu DentoTemp™, indiferent de inaltimea bontului protetic:
e Fuji Plus®: bont 7 mm: ~294 N; bont 5 mm: ~236 N
e DentoTemp™: bont 7 mm: ~143 N; bont 5 mm: ~89 N

Cea mai vulnerabila configuratie a fost reprezentatd de DentoTemp™ combinat cu
bonturi de 5 mm, corespunzand si cu majoritatea esecurilor clinice observate.

5.3. Studiul 3 - Protocol radiologic pentru evaluarea restaurarilor implanto-
sustinute

Studiul a inclus un total de 50 de pacienti adulti tratati prin restaurari implanto-sustinute
(unitare, partiale si full-arch), monitorizati conform unui protocol radiologic etapizat pe
parcursul intregului tratament. Perioada de analiza a fost cuprinsa intre 2019 si 2025.

Distributia investigatiilor radiologice
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Analiza retrospectiva a evidentiat o utilizare diferentiata a metodelor imagistice, corelata
cu etapa terapeutica. Numarul mediu total de investigatii radiologice per pacient a fost:
e OPG: 6,26 £ 3,08;
e CBCT: 2,68 + 2,14;
e Radiografii intraorale: 2,66 £ 3,40.
Variabilitatea mare observata in special pentru radiografiile intraorale reflecta adaptarea
protocolului la complexitatea individuala a cazurilor.
Analiza pe etape a evidentiat modele distincte de utilizare pentru fiecare modalitate
imagistica:
e OPG a fost metoda cea mai frecvent utilizata in toate etapele, cu un varf semnificativ in
faza protetica (etapa 5), unde media a fost de 2,16 investigatii/pacient.
e CBCT a fost concentrata predominant in etapele initiale (diagnostic si planificare), cu o
scadere semnificativa a utilizarii in etapele tardive.
e Radiografiile intraorale au fost utilizate preponderent in etapa pre-protetica (etapa 2),
asociata tratamentelor endodontice si evaluarilor locale de precizie.

Means values of nr of radiographs for each treatment phase
25

1
II - i Il I
. I m - _
1 2 3 4 5 6

Treatment phase

Mean

mOPG mCBCT mRXIntra

Figura 5.2. Numarul mediu de investigatii radiologice pe etapa de tratament
Table 5.3. Utilizarea investigatiilor radiologice in functie de etapa tratamentului

Etapa ol CEtey RO RV Indicatia principala
(Medie) (Medie) (Medie) i
Consultatia initiala — majoritatea pacientilor au beneficiat
! 1,00 0,96 0,22 atat de OPG, cat si de CBCT
2 0,58 0,06 1,94 Tratament endodontic — predomina radiografiile intraorale
3 0,34 074 0,08 Ghidaj ch!rurglcal - CBC_)T utilizat pentfq planificarea
implanturilor si/sau augmentarilor
4 1,06 0,60 0,20 Evaluare postchirurgicala — OPG pentru control global
5 216 0.16 0.16 Faza protetica — OPG utlllz_at pentru verificarea
restaurarilor
6 1,06 0,04 0,00 Urmarire post-tratament —_OPGv reprezinta metoda
predominanta

Analiza corelationala a evidentiat relatii semnificative intre etapa tratamentului si tipul
de investigatie utilizata:
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o Utilizarea OPG a prezentat o corelatie pozitiva semnificativa cu progresia tratamentului
(Spearman p = +0,41; p < 0,01), indicand cresterea frecventei acestei metode in fazele
protetice si de urmarire.

o Utilizarea CBCT a prezentat o corelatie negativa semnificativa cu etapa tratamentului
(Spearman p = -0,35; p < 0,05), confirmand rolul sdu dominant in etapele de diagnostic si
planificare.

o Utilizarea radiografiilor intraorale nu a demonstrat o corelatie semnificativa cu etapa
terapeutica (p = +0,12; p > 0,05), reflectéand caracterul lor punctual si indicat clinic.

o Testul Mann—-Whitney U a confirmat diferente semnificative statistic intre etape:

e utilizarea OPG a fost semnificativ mai mare in etapa protetica comparativ cu celelalte etape
(p <0,001);

o utilizarea CBCT a fost semnificativ mai mare in etapa de diagnostic initial comparativ cu
etapele ulterioare (p < 0,01).

Estimarile dozei efective asociate protocolului aplicat au evidentiat valori incadrate in
limitele recomandate pentru imagistica dentara:

e radiografii intraorale: 1,5-5 uSy;

e OPG: 10-15 pSy;

e CBCT: 31-83 Sy, in functie de campul de vizualizare si protocolul utilizat.

Tabel 5.4. Doze de iradiere utilizate in protocolul radiologic comparativ cu valorile de

referinta
Metoda Doza clinica (uSv) | Interval recomandat (uSv)
Intraoral 1.5-2 1-8
OPG 10-15 4-30
CBCT mic ~31 <50
CBCT mediu ~60 <75
CBCT mare ~83 =100

Aplicarea selectiva a CBCT, cu utilizarea predominanta a campurilor restréanse si a
protocoalelor low-dose, a permis limitarea expunerii cumulative fara a compromite informatia
diagnostica necesara.

6. DISCUTII SI CONTRIBUTII ORIGINALE

6.1. Studiul 1 — Restaurari partiale implanto-sustinute: design monolitic versus
design hibrid

Rezultatele Studiului 1 confirma faptul ca atat restaurarile monolitice din zirconiu, cat si
cele hibride metal-ceramice reprezinta solutii clinice predictibile pe termen mediu pentru
restaurarile partiale implanto-sustinute, cu o rata de supravietuire protetica de 100% in ambele
grupuri. Totusi, analiza comparativa evidentiaza diferente clare in tipologia si mecanismul
complicatiilor, strans corelate cu arhitectura protetica si proprietatile mecanice ale materialelor
utilizate.

Restaurarile hibride au prezentat o incidenta crescuta a complicatiilor de suprafata, in
special chipping-ul ceramicii de placare, fenomen bine documentat in literatura de specialitate
si asociat cu structurile stratificate. Acest tip de complicatie, desi rar catastrofal, implica
necesitatea interventiilor de mentenanta si poate influenta satisfactia estetica pe termen lung.
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in schimb, restaurarile monolitice au eliminat complet acest tip de complicatie, confirmand

avantajul structural al designului unitar, fara interfata infrastructura—placare.

Pe de alta parte, in grupul monolitic au fost observate evenimente mecanice localizate
la nivelul interfetei de fixare (slabirea surubului, pierderea retentiei), sugerand un mecanism
diferit de disipare a solicitarilor ocluzale. Rigiditatea crescuta a zirconiei monolitice favorizeaza
transmiterea fortelor catre componentele protetice si implantare, ceea ce impune o atentie
sporita in ceea ce priveste designul abutmentului, protocolul de fixare si controlul ocluzal.

Contributii originale ale Studiului 1:

e Demonstrarea clinica a faptului ca designul monolitic elimina complet riscul de chipping in
restaurarile partiale implanto-sustinute.

¢ Identificarea unui profil distinct de complicatii pentru fiecare concept protetic, cu implicatii
directe in planificarea mentenantei.

e Validarea superioara a restaurarilor monolitice din punct de vedere estetic, confirmata prin
scoruri VAS semnificativ mai mari.

e Transferul observatiilor din studiile pe restaurari totale catre un context biomecanic mai
complex, specific restaurarilor partiale, in care influenta dintilor naturali adiacenti este
majora.

6.2. Studiul 2 — Restaurari partiale cimentate pe implanturi: comparatia dintre
DentoTemp si Fuiji

Analiza comparativa a materialelor de cimentare a evidentiat impactul direct al alegerii
cimentului asupra stabilitatii protetice si necesitatii interventiilor de recimentare. Desi ambele
materiale permit integrarea clinica initiala a restaurarilor, comportamentul lor in timp este
diferit.

Cimentul provizoriu (DentoTemp) a fost asociat cu o rata mai mare a decimentarilor,
fenomen explicabil prin rezistenta mecanica redusa si solubilitatea crescuta in mediul oral.
Aceste caracteristici, desi avantajoase din perspectiva reversibilitatii, limiteaza predictibilitatea
pe termen mediu in restaurarile partiale implanto-sustinute, supuse unor solicitari functionale
repetate.

In contrast, cimentul glass-ionomer modificat cu rasina (Fuji) a demonstrat o stabilitate
superioara, cu un numar semnificativ redus de evenimente de pierdere a retentiei. Aceasta
performanta sugereaza un compromis optim intre retentie si control clinic, facandu-I o optiune
adecvata pentru restaurarile definitive, in conditiile respectarii riguroase a protocolului de
izolare si indepartare a excesului de ciment.

Contributii originale ale Studiului 2:

e Furnizarea de date clinice comparative reale privind comportamentul pe termen mediu al
doua cimenturi frecvent utilizate in practica curenta.

o Clarificarea rolului cimentului provizoriu ca solutie tranzitorie, nu definitiva, in restaurarile
partiale implanto-sustinute.

e Integrarea evaluarii retentiei protetice cu analiza clinica a stabilitatii marginale si a
necesitatii interventiilor de mentenanta.

e Sustinerea unei abordari graduale a cimentarii, adaptata riscului biomecanic individual al
fiecarui caz.
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6.3. Studiul 3 — Evaluarea radiologica in restaurarile implanto-sustinute: protocol
etapizat si optimizarea dozei

Rezultatele Studiului 3 demonstreaza ca utilizarea unui protocol radiologic structurat,
adaptat fiecarei etape terapeutice, permite obtinerea informatiilor diagnostice necesare cu o
expunere minima a pacientului la radiatii. Analiza frecventei investigatiilor radiologice a
evidentiat un model clar de utilizare diferentiatd a metodelor imagistice.

CBCT-ul s-a concentrat predominant in etapele initiale de diagnostic si planificare, unde
informatia tridimensionala este esentiala pentru evaluarea volumului osos si pozitionarea
implanturilor. n etapele tardive, rolul CBCT-ului a sc&zut semnificativ, fiind rezervat strict
situatiilor cu indicatie clinicd precisa. in schimb, radiografia panoramica (OPG) a devenit
metoda de baza in faza protetica si in monitorizarea pe termen lung, oferind un control global
eficient, cu o doza redusa.

Radiografiile intraorale au avut un rol punctual, orientat spre verificarea detaliilor fine,
precum adaptarea componentelor protetice si evaluarea osoasa localizata. Aceasta utilizare
selectiva confirma aplicarea principiului ALADAIP si evitarea investigatiilor redundante.

Contributii originale ale Studiului 3:

e Propunerea si validarea clinica a unui protocol radiologic etapizat, aplicabil restaurarilor
implanto-sustinute.

e Demonstrarea faptului ca CBCT-ul nu trebuie utilizat ca metoda de monitorizare de rutina,
ci ca instrument de rezolvare a situatiilor complexe.

o Corelarea etapelor terapeutice cu tipul investigatiei imagistice, intr-un cadru coerent si
reproductibil.

e Integrarea optimizarii dozei de iradiere in fluxul decizional clinic, cu beneficii directe asupra
sigurantei pacientului.

7. CONCLUZII

Prezenta teza a abordat optimizarea designului restaurarilor partiale implanto-sustinute
printr-o analiza integrata a fluxului protetic, a conceptului constructiv al restaurarii si a
strategiilor de evaluare clinica si radiologica. Cercetarea a fost structurata in studii
complementare, fiecare adresand o etapa critica din lantul decizional protetic, de la obtinerea
adaptarii initiale pana la comportamentul clinic in timp.

Rezultatele obtinute demonstreazéa ca performanta restaurarilor partiale pe implant nu
este determinata de un singur parametru izolat, ci de corelarea dintre precizia fluxului de
fabricatie, geometria bontului protetic, materialul restaurator si metoda de retentie. In acest
context, optimizarea designului trebuie privita ca un proces sistemic, nu ca o alegere
punctuala de material sau tehnica.

Compararea fluxurilor de amprentare a evidentiat avantajele clinice si operationale ale
tehnologiei digitale, care a permis o adaptare protetica predictibila si o reducere semnificativa
a timpului de lucru, fara a compromite criteriile de sedere si functionalitate. Integrarea
evaluarilor obiective cu date raportate de pacient a contribuit la o apreciere realista a
utilizabilitatii clinice a fiecarui protocol.

Analiza restaurarilor partiale din zirconiu a aratat ca designul monolitic elimina riscul de
defecte de placare ceramica, dar transfera solicitarile catre interfata implant—abutment—
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restaurare, subliniind importanta controlului geometriei protetice si a ocluziei. Designurile
hibride au demonstrat un comportament clinic acceptabil, insa cu un profil diferit de
complicatii, predominant de suprafata, confirmand necesitatea selectiei designului in functie de
contextul biomecanic.

Studiile privind retentia restaurarilor cimentate au evidentiat impactul decisiv al
agentului de cimentare si al inaltimii bontului protetic asupra stabilitatii clinice. Utilizarea
cimenturilor provizorii poate fi justificata in strategii de ,retrievability controlata”, insa doar in
conditii biomecanice favorabile. in schimb, cimenturile definitive ofera o stabilitate superioara
in situatii cu risc crescut, confirmand rolul cimentarii ca element activ de design protetic, nu ca
simplu pas tehnic final.

Evaluarea radiologica a fost integrata ca instrument de validare clinica, nu ca metoda
de cuantificare micrometrica. Rezultatele sustin utilizarea rationala si etapizata a investigatiilor
imagistice, cu accent pe justificarea clinica si optimizarea dozei de iradiere. Protocolul
radiologic propus a demonstrat utilitate practica in documentarea sederii protetice si a
stabilitatii peri-implantare pe termen mediu.

In ansamblu, teza propune un model coerent de optimizare a designului restaurarilor
partiale implanto-sustinute, bazat pe integrarea principiilor biomecanice, protetice si imagistice.
Aplicarea acestui model permite reducerea complicatiilor mecanice si biologice si cresterea
predictibilitatii clinice, oferind un cadru rational pentru selectia designului restaurativ in practica
implantologica contemporana.
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