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ABSTRACT:

Introduction: Implant-supported fixed dental prosthesis is a standardized restoration method that is often used when an
anterior single tooth is missing. However, when a titanium abutment is used in thin peri-implant mucosa in the anterior area, the
metallic aspect can be visible through the mucosa. In order to offer an alternative solution to zirconia abutments and titanium
abutments, the use of zirconia implant abutments connected to titanium base (Ti-base) has advanced to combine the advantages of
the two kind of implant abutments. The aim of the present systematic review is to investigate the mechanical resistance of
zirconia implant abutments connected to titanium bases and compare it to one-piece zirconia implant abutments and titanium
implant abutments.

Materials and Methods: The literature research has been performed using the PubMed electronic database, we selected
relevant studies published in English between 2010 and 2020/ 05/ 01. According to the following keywords and Boolean
equations: “Customized zirconia implant abutments” OR “customized hybrid implant abutment” OR “cad-cam zirconia implant
abutment” OR “tow piece cad cam zirconia implant abutment” OR “zirconia with titanium base” AND “fracture” AND
“resistance” NOT peri-implant.

Results: The electronic research identified 54 articles. 35 articles has been excluded based on initial screening of the title and
abstract, as they are not relevant to the objectives of the present review. After the application of the inclusion and exclusion
criteria and the second screening based on the critical assessment of the full-texts, 13 articles has been included in the present
study. The results of our research have allowed us to identify several elements that may be included in the study of the
biomechanics of implant abutments. Thus, our review highlighted the contribution of titanium bases to improve the fracture
resistance of customized zirconia abutments.

Conclusion: Within the limitations of this study, it could be concluded that the use of the customized zirconia-titanium implant
abutments connected to titanium bases allow avoiding the damage of the titanium interface of implant caused by the zirconia
abutments. Further studies may be required with a greater standardization of the study design and testing methods.

IndexTerms: implant abutment, hybrid abutment, Ti-base , zirconia-titanium abutment

Introduction

Implantology has revolutionized the therapeutic options for edentulousness and offers increasingly aesthetic solutions. The clinical result does not
only concern osseointegration, but also the success of the mucosal integration of the prosthetic reconstruction around the implants. This is an
interlocking of different parts resulting in prosthetic rehabilitation fixed on the implant through or without an intermediate part: the implant
abutment which forms a connection between the endosseous implant and the endobuccal prosthesis. It must perform several roles both
biologically by offering optimal biocompatibility, and aesthetically by integrating in the most natural way to the smile, or even mechanically by
promoting the transmission of occlusal forces.

Several types of implant abutments using different materials have been described and used, prefabricated abutments have a standard morphology
that can adapt to the vast majority of patients with a similar result. They are available in different diameters, heights, shapes and angulations
depending on the diameter of the implant, but also the height of the peri-implant mucosa. They can be straight, angled, modifiable and non-
modifiable. [1]

Currently, titanium and zirconia are the two materials of choice for CAM in a custom implant abutment. The titanium abutments were considered
the "gold-standard",they have been shown to be effective and durable, mainly because of their mechanical resistance capacity. [2] However, when
applying mechanical forces to materials of different stiffnesses, the deformation curve is distributed to the element with the lowest Young's
modulus, in this case the titanium. Clinically, the occlusal stresses cause micromovements at the zirconia abutment / titanium implant interface.
The implant connection then undergoes wear by friction: this is "fretting wear" [3], [4] From a clinical point of view, damage to the implant head
may lead the practitioner to change the abutment. In the most extreme cases, removal of the implant is necessary. Biologically, this titanium debris
is not beneficial to bone volume or the stability of the emergence profile. Also, a zirconia connection is often less precise than a titanium. The pre-
existing microhiatus is further amplified by the phenomenon of “fretting wear”. This area conducive to the development of bacteria is harmful for
the sustainability of the profile of emergence .[5]

However, patients are becoming more and more demanding and require personalization of restorations. There are two types of abutments: fully
custom abutments, and custom abutments on a machined base, such as UCLA (Universal Castable Long Abutment).

The constant progress of CAD / CAM technologies has led to abandon these methods of casting or overcasting.

The personalized abutment is individually designed by CADCAM to ensure better adaptation of the peri-implant soft tissues (marked gingival
scallops, etc.) and better biomechanical behavior (thanks to the homothety of the thicknesses of the materials it offers). [1]

An alternative to solve these problems could be the choice of a new type of abutment trying to combine the mechanical properties of titanium with
the aesthetic properties of zirconia. Thus, constituting a hybrid zirconia-titanium abutment, also called Ti-Base abutment. These abutments are
composed of two parts assembled by friction or by gluing: The zirconia part related to the crown and the titanium part related to the implant. With
this design, the problem of the fragile interface seems to be excluded, since the connection is given by a titanium base [6]

The main objective of this work, which is in the form of a systematic review of the literature, is:

=To evaluate the mechanical strength of custom hybrid abutments and compare it to that of full zirconia and titanium abutments.
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I. MATERIALS AND METHODS

2.1. Type of the study :

this is a systematic review of the literature comparing and discussing the results of scientific publications on the topic of
biomechanics of custom hybrid zirconia implant abutments from the period 01/01/2010 to 01/05/2020.

before starting we have pre-established a detailed research protocol.
2.2. Strategy of research :

this work followed three main stages:

* A first step focused on researching scientific publications related to the subject.

* A second step aimed at the selection of works that meet the eligibility criteria and whose methodology respects the reading
scales (CASP).

* And a third and final step in which the articles validated in the previous step will be classified according to the evaluation
criteria and analyzed in order to be able to draw conclusions.
2.3. Keywords and Boolean equations:

The research relied on the Boolean equation through keywords from several recent publications that address the subject:

“Customized zirconia implant abutments” OR “customized hybrid implant abutment” OR “cad-cam zirconia implant abutment”
OR “tow piece cad cam zirconia implant abutment” OR “zirconia with titanium base” AND “fracture” AND “resistance” NOT
peri- implant

Authors use different terms to define the Hybrid Custom Abutment, so we opted for the following combination:

* The "OR" operator between the main keywords;

* The "AND" operator enters other words.

2.4.Articles selection:

The data extraction as well as the evaluation of the quality of the publications (according to the CASP scales) was completed by
two readers independently, with formal processes of discussion and consensus-building if disagreement occurred in order to
minimize subjectivity during the multiple stages of realization.

Thus, we initially found 54 studies, from which we selected 52 studies that concerned the specified research period, in this case,
the last 10 years, from 2010/01/01 to 2020/05/01.

After the first selection, which was carried out based on reading the titles and abstracts, we selected 19 studies after eliminating
33 that were not relevant to our problem:

Based on the 19 pre-selected articles, we eliminated six after full-text reading, guided by the article critical reading scales
proposed previously. This allowed us to obtain thirteen potentially relevant articles.

After reading the full-texts, the references of the selected articles were screened for other articles related to our study. Through
this manual search we were able to retain 12 articles more.as shown in the flow diagram bellow.which lead us to obtain finally 25
relevant articles of high level of evidence.

Flow diagram

Publications initially found in the
Databases n= 54

Publications excluded by date
(n=2)

Limitation by date of publication
n=52 Publications excluded after
reading titles and abstracts (n=33)

Publications retained after title
and abstract reading n=19

text screening (n=6)

[ Relevant Publications n=13 ]

(n=12)

Publications excluded after full- ]

[ Manual search

Publications finally included
n=25
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Il. RESULTS:

Different types of studies were found in our systematic review, including: in vitro trials, two prospective studies, a systematic
review and meta-analysis, a study by finite element analysis and a randomized controlled clinical trial.

We have succeeded in carrying out a critical inventory of the literature currently available on this subject, by trying to best define
the elements that come into play in the study of the biomechanics of personalized hybrid abutments, namely:

= Materials of hybrid abutments

= Titanium pillar / base assembly method

= Types of hybrid implant-abutment connections
= Abutment thickness and diameter

= Angulations of the abutments

= Materials of the superstructure

3.1. Hybrid Abutment Materials:

The biomechanical behavior of the pillars as a function of the recommended materials has been addressed in eight studies:
Guilherme et Coll. 2016 [7], Gungor et al. 2019 [8] show that custom zirconia hybrid abutments are more resistant compared to
lithium disilicate hybrid abutments. These two studies confirmed that the hybrid CAD / CAM zirconia abutments offer significantly
higher reliability to withstand static and dynamic masticatory loads. However, artificial aging decreased the fracture resistance of
all specimens.

Gehrke et al. 2015 [5] compared the fracture resistance of prefabricated zirconia abutments, CAD / CAM designed and
machined all-zirconia abutments, versus custom hybrid zirconia abutments. They concluded that the hybrid abutments have the best
strength (291.4 + 27.8 N) compared to the other abutments. The major failure of these abutments is deformation with loosening of
the titanium implant screw. Thus, Elsayed et al. 2017 [9] did not report any fracture or detachment of the ceramic structure of
different hybrid pillars studied. However, a deformation of the implant screw of the titanium abutments and hybrid zirconia
abutments was observed.

Likewise, the study by Chun et al. 2015 [3] confirmed the contribution of titanium bases in improving the fracture resistance of
all-zirconia abutments.

However, a randomized controlled clinical trial reported that the survival rate of the CAD / CAM all-zirconia abutments at 11
years was 88.9%, with failure of only six abutments out of the seventy-five studied. Chipping occurred at three ceramic-metal
crowns [10]. A single prospective clinical study accurately determined the survival rate of 141 hybrid abutments at two and a half
years. A single hybrid abutment titanium base lift-off was noted, resulting in a survival rate of 99.2%. (28)

3.2. Assembly method of the titanium base and the personalized zirconia abutment:

The studies found in our systematic review dealt on the one hand with the assembly method: friction or bonding, and on the
other hand the shape of the abutment / titanium base joint and the nature of the preferred adhesives:

Mieda and Coll. 2018 [11] compared the stress concentration at the level of the three forms of titanium abutment / base joint.
They showed that the specimens with a fillet joint with a return in the structure of the titanium bases, present a low concentration of
stresses at the level of the junction (pillar / base), in this case a better dissipation of the loads, compared to the other specimens with
joints in the form of a straight shoulder and a single fillet.

Two studies compared the tensile strength and failure mode of hybrid zirconia abutments with different titanium base retention
mechanisms: in the study by Kim et al. 2013 [12] the glue used is RelyX Unicem; for Mascarenhas et Coll. 2017 [6] Panavia F 2.0
was used for bonding the titanium chainstays. Both studies reported better resistance of abutment samples bonded to titanium bases
compared to abutments bonded by friction.

Mehl et al. 2018 [13] analyzed the tensile stresses of zirconia abutments with titanium bases, using 4 different self-adhesive
glues: Panavia, Cement Automix; RelyX Unicem 2 Automix; MaxCem Elite and SmartCem 2. After artificial aging, the bond
strength of Panavia (1002 N) was highest, followed by that of RelyX Unicem (614 N), MaxCem Elite (550 N) and SmartCem?2
(346 N) ), with a significant difference (P <.001). Von-maltzahn et al. 2016 [1] also compared the bond strength of custom zirconia
abutments and titanium bases, specimens were divided into two groups depending on the glue used: Panavia F 2.0 and RelyX
Unicem. No significant difference was observed between these two groups, however, the adhesion strengths are significantly
influenced by the recommended pretreatment technique (p <0.001)

Likewise Gehrke et al. [14] evaluated the bond strength between zirconia abutments (CAD / CAM) and titanium bases using
three different adhesives. The Panavia 21 (Kuraray Co); Multilink Implant (Ivoclar Vivadent) and SmartCem2 (Dentsply DeTrey).
The results of the pull-out test showed adhesive breaks, the average values of adhesion forces did not show any significant
difference.

Alsahhaf et al. 2017 [15] evaluated the tensile strength and bending moments of hybrid zirconia abutments with different
joining methods, using glass ionomer cement, and Panavia F 2.0 adhesive. This team concluded that hybrid abutments have higher
mechanical strength than zirconia abutments, regardless of the recommended base assembly method.

3.3. Types of connections implant/abutment:

Regarding the connection, the two studies analyzed showed the following results:

- The study by Truninger et al. [16]; revealed that the bending moments of hybrid abutments with internal connections (429.7
Ncm 62.8)

were significantly higher (P00.001) than those of hybrid abutments with external connections (379.9 Ncm 59.1).

Jarman et al. 2017 [17] reported that hybrid zirconia abutments with an internal connection showed better strength when
applying static charges. Concerning the groups with external connections, loosening of the implant screw was noted.

JETIR2012283 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ 628


http://www.jetir.org/

© 2020 JETIR December 2020, Volume 7, Issue 12 www.jetir.org (ISSN-2349-5162)

3.4. The abutment diameter:

In our systematic review, two in vitro studies evaluated the resistance to fracture of small diameter hybrid abutments:

Sailer et al. 2018 [18] tested the bending moments of narrow diameter hybrid abutments (3.3 to 3.5 mm). They found that the
bending moment values of hybrid zirconia abutments are substantially identical to those of titanium abutments of the same
diameter, and significantly higher than those of all-zirconia abutments (p <.05).

Stimmelmayr et al. 2013 [19] compared the fatigue and breaking strength of hybrid zirconia abutments of different diameters
(3, 75 mm and 5.5 mm) compared to those made entirely of zirconia. No abutment fracture or screw loosening was observed. In
addition, for the abutments of small diameter (3.75mm), statistically significant differences were observed between the abutments
entirely in zirconia and the hybrid abutments. 526 N (+ 32 N) and 1241 N (+ 269 N), respectively. (P <.001)

3.1.5. Abutment thickness and angulation:

Zandparsa et al. 2016 [20] compared the fracture resistance of hybrid zirconia abutments under different angulations, they
elucidated that angulated custom abutments are more susceptible to fracture under static loads, compared to straight abutments,
with a difference statistically significant (p = 0.045). Abutments with a thickness of 1 mm showed better resistance to fracture
compared to abutments of 0.7mm (p = 0.005).

Joo et al. 2015 [21] evaluated the fracture resistance of hybrid custom abutments based on different thicknesses (0.5mm,
0.7mm, 0.9mm). The breaking load of 0.5mm thick pillars is higher (392.61 + 50.57 N), than for pillars with a thickness of 0.7 mm
and 0.9 mm: 317.94 + 30.05 N and 292, 74 + 37.15 N. Respectively (P <0.05). They concluded that the fracture load of hybrid
abutments is inversely proportional to the reduction values of the axial walls.

3.1.6. Materials of the superstructure:

Three in vitro studies [22], [4], [2] evaluated the strength of hybrid abutments as a function of the superstructure materials:
Among these studies, two tests [22], [2] analyzed the bending moments to determine the type and fracture scheme of hybrid
zirconia abutments, restored with monolithic ceramic crowns, zirconia and lithium disilicates:

The study by Pitta et al. 2019 [2] has shown that the hybrid abutments restored by monolithic zirconia crowns exhibit
significantly higher bending moment values 385.5 + 21.2 Ncm than the other abutments restored by lithium disilicate crowns (p
<0.05). No difference was found between hybrid zirconia abutments and custom titanium abutments (p> 0.05).

The study by Joda et Coll. 2015 [21] also reported a statistically significant difference (P <0.05) in the fracture resistance values

of all-zirconia abutments (Astra), restored by lithium disilicate crowns (366 N) compared to hybrid abutments (CARES) 541 N. (P
<0.05).
However, Nouh et al. 2019 [4] investigated the correlation between the fracture strength of custom hybrid abutments and the way
the prosthetic superstructure is assembled. This study showed that zirconia restorations, regardless of the crown assembly method
(screw-retained hybrid abutment crown or bonded crown) had a significantly higher fracture resistance (3730 N) compared to
lithium disilicate hybrid abutment crowns. (1295 N) (P < 0.05). Thus, according to this team, screw-retained hybrid abutment
crowns in lithium disilicate are contraindicated in the posterior sector.

Tables summarizing the results of all included studies according to PICO

Auther/study | Population: Samples of abutments studied Inter Comparison | Results
Gungor et Al 100 custom abutments (CAD / CAM| The groups were divided into two sub-groups of The fracture resstance | Groups 3 and 4 have the highest fracture resistance value
2019, (8] {Corec, Sirons Dentsl Systems) are divided into 5 | 10 specimens [with and without the application of | and failure modes of | (p <0.05)
groups artifical aging) hybrid rconia Groups which underwaent artificial aging showad the
Growp (G1) Hyord crown/abutment In Athium | -The abutments are flxed in the selt-curing resin | abutments compared 10 | lowast average values of fracture resistance
disdicate, simulating the jawbone then the loads {100N) | lithwum cisilicate hybric | Without aging 795.72 £ 304.32; with aging 62324 ¢
I vitro Geoup (G2): cromm bonded 10 3 hybeid abutmert | were appled to the cinguls 8t an angulation of 30" | abutmenms 297.55)
{in Mhium disdicate| The campression test was carried out with a Tha most observed mode of failure Is abutmaent fracture
Group [G3): Uthlum disiicate crown bonded to 3 | universsl machine [Compression [/ Tension follawed by crown fracture.
hybrid zircomia sbutment Device, Esetron Smart Robotechnoiogies) The screws of the titaniam bases of six specimens of
Gronp (G4): dirconia crown bonded 10 a ydrid group 4 were fractured
preonis abutment the specmens were mxamined with a special - the screws of two group 3 spacimens were bent
Group (GS): Uthium disiicate crown bonded to 3 | magnifying glass (Opt-on magnifier; Crange | Condlusion:
prefabricated rirconis abutment Dental, Biberach, Germary) Artificial aging decreases the fracture resistance of hybrid
abuiments
The titanium bases were bonded o the | Zirconia hybrid abutments are the strongest of the other
sbaments using  cement  (Multilok  Mybrid | abutments tested
Abutment, Ivoclar Vivadent)
Gehrke ot al 21 specimens are prepared and divided Into 3 NI samples have been subjected to fatgue Compare the fracture The OP and 52 abutments (2321 £ 29.8N) [251.8£ 232 N)
2015 [5] Toups testing and thermal Cycing resistance of Custom | show significantly lower fracture resistance than the TP
Then a load of 100 N was applied for 120,000 Mybrid Abutments with abutments (20142272 8)
Group {SZ): Trconia trade abutments cycles ot o frequency of 1.2 Mz, for 10 min that of Full Zirconla
in vitro (untversal testing machine) at an angulation of Custom Abutments and | All of the 52 and OP abutments were fractured, however the
Geoup {OF): CAD / CAM zirconia abutments 30° Zirconia Prefabricated magor failure of 1he TP abutments was deformation with
Abutments lcasening of the implant screw
Group {TP): CAD / CAM hybrid zirconia
abutments with a titanium base condusion
Hybrid CAD / CAM abutments (2rconia =~ tranium] have
better resistance to fracture. They can be recommended n
unitary rehablitation of pasterior zones in the PM-M sectar
(high masticatory load]
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Guilherme ¢t | 57 abutments are divided im0 three groups: ] Significant gifferonce in fracture resistance betwoen IR

al. 2016 [7] Application of static D loads (150 N, | Comparison of the oroup and other groups (P <30)

Group (ZR): custom CAD / CAM Jirconia 200N, 300N, 400N) then the samples aro | effect of different * Fractures of the (RC) and (LD] group sampies occurred for
abutment (Lava Plas; 3M ESPE) bonded to & subjected to cyciic sinesoldal loads at 2 Mz | abutment materfaison | loads of 130 N to 220 N, in the cervico-proximal region of
titankum dase (Ti-EAI-4V) (100,000 cycles) in a water bath at 37C* mproving fracture the abutments.

I vitre Growp (RC): sbutment in composite resing CAD /| The specimens are examined wnder a stereo | resistance and * For the ZR group, » deformation of the Titaniem bases
CAM [Lava Utimate; 3M ESPE) banded to a Th pe {SZ#4-10; Ok ) and a 8 of followed by a fracture at loads of 250 to 310 N, chserved
GALAV titanium base electron microscope (SEM] JEOL SSM-6010PLUS) | masticatory loeds. between the abutment neck and the titansum base
Group {LD): Customized Sthium disilicate CAD / The reflabiizy of the specimens was Qlculated Custom Zirconia Abutments have shown signicantly higher
CAM abutment (IPS e.max CAD, vockarVivadent] | using the Welbull probablity curve. rellabiity to weh static and dh [ Y
bonded to 3 TH6ALAV ttanium base loass

Slsayed et Al &mmlﬂlllilv&hm‘m«ﬁn AR crowns and ttanium bases have been banded | Compare the fallure * The mese 2002 group Fracture losd i 2185 £ 144 N

2017 using the of "platk (Muttdink Hybrid Abutment, lot: TIS0L6; Ivoclar | mode of hybrid Fracture localized In the cervical regions.

5] 5 groups of 8 samples with custom abtrents Vivadent AG) abutments versus TT, LaT and LaC groups withstood higher forces without
and lizhium disifcate crowns; The samples were stoced In distilled water for 72 | thtanium abutmenss fra or h of the , with

o vitro * Ti: Tnanium abutments houwrs then the compression test was spplied 1o no sign¥ficant difference in Bexion. The Ti m showed
* 2r02: sbutments entirely in 2wconia the patatal face at an angulation of 30 * (100, sgnificantly higher strin compared 10 the tranium bases
* 21T: tybeid 2irconia abutments 200, 300 and 400N) of the ZrT group.

* LaT: Iitriumn disticate hytirid abutments Each sample was examined under an optical Titankam bases have improved the fracture resstance of
* LeT: one-piece W prosthesis microscope (Carl Zeiss) then x-rays were taken custom Mybrid abstments and could be 4 relisble
{iithi for the titankum for unitary restoration of anterior regions

Chun etal 15 abutmaents are divided into 3 grougs: The d an impl (e

015 (3] of dmensions {4.5 / 10mm): torque of 30 Nom Comparizon of the * Titanium abutments are the most resasant.

Group 11 titanium abetments [Titanium screws) for the GI and 32 Nem for the G2 and G fracture resstance of The resatance to fracture of the Mydrid abutments o
Group 2: lized W in * Appication of hydrauiic artificlal aging (258 diterent shutmenas: significantly high / to the ail-zirconla abutments.

v vitro Firconia (rizanksm screws) Mini Bionix Il machine] and static compressive titanium abutments, Under maxi icad, the titass b are all
Group 3: dybrid custom sbutments {titanium loods slong an axis of 50 * tustom zirconla deformed, the L] are ail tr at the
base and titanium screws) * the abutments are cxamined under an electron | abutments and hybrid connection levd with domage o the titemwsm bases.

microscope abutments C 3 bases the fra
b pircan;

Zembic et al. ‘Mmmumzmﬁmm Compare the | The survival rate was 96.3% for abutments and 90,7% for

2015 *27p (13 11 men) ¢ 54 pl (gotd screws) ceramic crowny | sppearance of biciogicsl | crowss.

{23} implant restorations {25 incisors, 14 canines, 15 | are bonded (Panavia TC,) follow-up was done | and bomechanical
Premalasy,) in both arches, after 1 month, 1 year, 4 years and 11 years old, complicationy of | 4women and 6 men were lost 1o folow w9

* A cdinkal and radiological control was | grconia abutments
Erude * 54 full 2irconia BUMEnts are prépaced. performed according 1o the criteria: fracture of | depeading  on  the | Two 1osses of abutment screws, tNIOQ Crowas had £racks.
prowective the abutments, loosening of the screws, margeal | region T d: | Ab of
adaptation, probing, accumulation of plaque and | anterier and posterior.
gingval recession
"
[ Author/study | Population] sample of sbutments Intervention Comparison Results
Mieda et al. 30 custom hybeid zirconia (CAD / CAM)
2018 [11] sbutments were used and divided Into theee | A two-d! ¥ fte model of the | Comparson between three The stresses ace concentrated at the titanium bases for
@roups sccordeg to the shape of the wystem 0 / ttanium bese) was | different shapes of woup 1,
Invitra/ finite | abutment [ base jomt: constructec for analysis in tha study. trassum/sircenia hybnd For groups 2 and 3, the itress s concentrated at the
wlements *tmanty margeal Senit of the tirconi sdutments,
Anciysis Group 1: 10 hybrd abutments with filiet joint | After antificial aging (55 * € for 20,000 cycles, 20 3)
with a return to the structure of the titankem | an application of static charges led cracks in the
Dises (2%N held for 308} and compression and tensile mmovmmnabummmanplnm ftanium
tests, b fbase b g terfaces for the G 2 and 3.
Geoup 2. 10 hybeid sbutments with joint In
the form of & sralght shoulder Von Mises stress values were sssessed. The Group 1 showed better bond strength,
were ined under an e
Group 3: 10 abutments with joint in the form | microscope
of a fillet
* Al the abutments are pretrested
{tribochemical  trestment) Defore  being
bonded 10 the titasium Dates |Mutilnk
Hyhrd, Ivociar Vivadent), then m
d oo the ive i
Kim et al. 2013 Sm-rmtnnm’nlmmmunulmu The samples wore embedded in acrylic supports. | Compare the fracture resistance | The moan maximum capacity {SD) of the adbutments was
112} abutments: After aging (20,000 cycies betwesn 5 *Cand 55 °C) | and fallure mode of Mybeid | 503.9 (46.3) N for the AlZr group, 484.6 [36,6) N for the
AlZr Group: Abutment entirely In zirconia Appication of static loads (universal testing | sbutmentsaccording to the way | #rir group, and 729.2 {35.9] N far the Sond2r group.
{Aadva CAD / CAM Zirconl | then the max fracture load was | the  teankm  bases are
Frir group: firconia sbutment bondod wa recorded. srierniied The maximum losd capacity of the zircanis abutmenty
in vitro titanium base by Inction |NobelProcess Sonded 10 & thankm Sase was significantly tigher than
Abutment Zrcenia) * The wore under & I that of the other abutmens (P <05},
BondZs group: irconta abutment (Lava alectron microscope,
Zirconia ) bonded toa For the FrZr group: before the fracture of the tamples, the
base by bonding (RelyX Unkem), separation of the titanium bases from the respective
Al the abutments have been restored by sbatments and the damage to the implart platform was
reconia crowns. obsened
haset | 15 ab were prepaced for the study: | To sate intraoral les were A Ih ficant ditference theab
al. 2017 [6] Friction growp: Thwe prefabricated Jirconls | sublected to artifical aging (5 * € and 55 ° C for | Compare the Iracture resistance | tested with respect to the rumber of cycles and the
Waments connected 10 the titanium beses | 15,000 cydles, 155) and Talure mode of Mybeld | Beesking load: The group of sbutments bonded to ttanium
by friction (Procars abutmens) ﬂulouhnnmnmmdlolm untf the | rrconla abutments a5 & | Bases showed better resistance to fracture (P «,001)
Bond group. fwe lized zirconia the load |N) was Increased as | function of the way the tRanm | The fallure moce of the Friction Group Abutments & to
n witro abaaments bonded to trankm hases {Panavia | folows: 110, 144, 222 296, 139, 413, 491, 567, 643 | bases are assemblea. remave the titanium bases fram the zirconia ahutments,
F201 and 20N, withoot any apparert fracture
Ring group: fhe  prefabncated 2irconia For the bond group, fractures 0Couwred ot the abutment /
abctmants with a titanium cervical ring. The Dase ot and the ab [ implant
abutments were restored by metal crowns Intertace.
#or the ring group, vertical fractures of the abutments were
olrarved.
Mehl et al. 123 hybrid zivconia sbutments are divided | Sefore bonmmc nun. m m we'e After artificial aging, the bond strength of group SA (1002
2018 {13] "o & groups depending on the cement wsed dbl; na Compary the fallure modes | N) was hghest, followed by that of AU [61& N), ME (350 N|
for banding the titsnium base: Artificiel mging conaists of storing fes in | (schesive o cobesive) of the | and SC (346 N) (P 0.05). [P <.001), The falkere modes of the
Group [SA); Panevie SA Cement Astomix, @atiled water [37C * / 3§ days), or thermocyclieg | hybrid ding to | tirconis surfaces were primanly adbesive, whie
Group [UK): SefyX Unicem 2 Automix (37,500 cycles [/ 150 days). After detachment of the | the dfferant adheshes used. those of the rfaces werg h
In vitro Group (ME|: MasCam Elze Dases, the rupture modes [adhesve or cohesive)
Group (SC)- SmartCem 2 are analyred under an optical microscope and Panavis SA and RelyX Unicem provide promising resufts for
wanning electron microscope. bonding titanium bases, and should be the subject of
further stuts.
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Alsahhat 1 ol * Mandibular bone was simedated by the use | Application of a dymamic ading of 12 millen | Comparison of tensie strength | The survival rate Is 100% Ingroups 2, 3,4, 5
2017 |15] of seff-curing acrylc resin cydles of 45 N in 8 chewing smulator with thermal | and bending moments of The survival rate in group 1 is 25%, fracture of the screw
5 growas of 16 samples oyding. Pybrid 2irconia adutments with | head under dynamic load and the {internal) conmection
M Vitro Group 1(61): Lrconia sbatments titanium abotments under SEatic koad was soted.
manufactured by CFAQ, Samples wivich have survived artificisl aging are most of the fractures were observed at the leved of the
Group 2 (62): prafab d titank o the test in 2 universy Implant screw.
abutmants, tosting machine Zwik, 2010 [ TN2§, Ui, Growp § and 4 sp show low Fa i
Group 3 {G3): prconia abutments bonded to | Germany) (372,5; 530.8 respectively)
3 tRanium base, (Fanavia 21;) Then examined with a 5X magn#ying glass For proups 2, 3, 5 no sigficant aifference was shown
Group 4 (G4)) prafabricated abutmenats hydrid ab havve 5 Y Ereater mechanical
eetirely in Fecoois WMM.NMMNU(M
Group5 {G5): trvoma abutments connected recommended base assembly methad
to 3 thantum base by 3 glass lomomer cement
* The ceramic-metal crowns were then
bonded (Panavia 21)
Von-Mahtzahn | * Two different cements to assemble the Compare the bond strength of
etal. 2018 (1) teconia sbutments and thanum bases * Al sampies were tharmocyched (10,000 cycles, 5 | dybrid abutments on ttaniom | No significant difference was founs between Panavia F 2.0
|Panawa F 2.0 and RelyX Unicam) Canas3°q). bases dapending on the and felyX Unicam, bt the bond strengths are signficantly
-mhwummsnm * A pull-off test wan performed to determine the | cement used L &y the pre wsed [ <0.001)
"g 1o pre: bond strength
o Vitro with alumisum oxde, wmndom * Statistical amalysis was performed [Two-way
(Adloy Primar or Clearfil}; ANOVA|, and the |u¢am nmas WETe Examined
Teib { unser & i
Gahrke ot al. 21 custom rrconia abutments were made The zircon mmonu are Ml sandblastec The values of the adhesion force are 52493 £ 363.31 N for
2014 [1¢] CAD / CAM [CERCON C [ {urni oxide and bonded by the same | Comparison of the bond the Panavia 21 groun; 878.05 ¢+ 208 33 N for the Mutiink
Hanau, Germany] and then bonded to the operator. they were stored In gistified water {37 C) nwnmmm group and 650.77 £ 174.92 N for SmactCem2. No
titanium bases [XIVE Ti-3ase, Dentsply for 60 days and then thermocycled (15,000 times W titanium bases, A= difference [p= 0.1314)
Friadent], wiing threw different sdhesives: batween 5" Cand 55" Tler 30 1 ding en the differes * the ruptures of &l the abuUTments are adhesive.
M vitro Group A: Panavia 21 (Kuraray Co); Al specimens were subjected to the pull-out test in | Adhashes used * ali the cesments tested showed better adhesion without
Group B: Multdink implant {Iveckar & universal machine {Zwick, Ulm, Germany) significant diference
Vivadent, ), fafure moces have been observed and recorded
Geoup C: Smantam2 {Destsoly DeTrey)
Author, of ab Intervention Results
Sailer et al, 2018 20 parsonalized abutments ae proparad | 60 abutments are restorad by crowns Compare the fracture T D (C) exhibited significantly higher
(18] and divided into 5 groups: desgned and machined by CFAQ (IPS and bending moments of | bending than identical in
Group (T1): Zwconla ab with CAD, oclar Vivadent) different  small  diameter | diameter of 3.3 mm [p <0.05|
Internal connection sbutments (3.3 to 35 mm) | The mean bend| Far unr
Growp (T2): 1) & wrh s ‘_““’“‘mm' ":";‘:"' hybrid  sbutmerts versus | sbutments is: S21 ¢ 33 Nem (14), 404 £ 36 Nem (C),
extaril hex connection {57"1] ¢ v ‘e 9 tianiven abutments. 3112106 Nom (T1) 265 £ 22 Nem (Y3)and 225223
In vitro Group (T3): hybrid zircoria abutments T2
with internal connection Static load was applied up 10 the fracture For the restored abutments the values are lower:
Group [T4); hybrid zirconia abutments (18O 14801 standard). SBending moments 278 4 B& Nom (T4), 307 £ 170 Nom (C), 190 4 55 Nom
(Ti-base) were caloulated for the of [T1) 80 2 302 Nem (T3) and 125 = 57 (T2}
Growp (Cl: One-plece titanium abutments | grougs, Values were compared using ANOVA
with internal connection with p values Lsing Tukey's procedure sml dlameter zirconia fybrd abutments with an
* implants / abutments had a narrow bited a higher tensile strangth
ciameter ranging from 3.3 to 3.5mm than hybrid ab with an i
® The titanium bases are bonded The rupture DpaTlerns  were  anadyzed
Using (Rely X Unicem, ESPE) I
Stimmeimayretal. | 32 abutments are screwed onto All samples were thermsl cycled at $ * Cand No ab § or strew g was
2013 [19) Implants, ntegrated into snfic resin 55 * C and were aaded with 100,000 ¢ycies | Compare the fatigue and b d during the app of the loadsy
cyfinders and divided into 4 groups At 120 N, ot o 30-degres angulati fra strength of hybeid
accoeding to the diameter of the The samples were examined under an Zirconis abutments of different | The mean values of fracture resistance and standard
abutments: electron microscope. dlamatars versus that of full deviations were 526 N (2 32 N} for the group (273, 75|,
in vitro Geoup [2r3,75): abutments entirely in Zirconis abutments 1241 N (= 265 N| for the group [2¢T13, 75), 1894 N (=
reconia with a dlameter of 3.7S mm * Data was analyred using testXpert 137 N) for the group [2rS5, 5] and 2225 N
Group (2rS.5): by in ft using Mann-Whithey U test. The 1£ 63 N) Toe the group [2rTi5.5).
tirconia, dismeter 5.5mm level of statistical significance was set at 5%,
Growp [2r713.75): hybrid abutments with For each diameter, :hds&lnllv *Mﬁcmt differences
A diamster of 3.75 mm were found b and Th
Group [2T15,55: hybric abutments with & base abutments,
dameter of 5.5 mm
_Authors/study | Population/samgle of abutments Intervention results
Zandparsa et Farty custom hybeid peconia Replicas of implants e mountes in salf-cunng | C the fr. i of strasght | Under static Ioadg anguiated custam abutments are mare
al. 2016 [20] aburments have 2een divided into acrylic jigs, Then the persosalized abutments are | and angied hyleid reconia to sraight ab
four groups as follows: screwed in (2 torgue of 35 Nem) m;mumnmmumdm'v-xe(oxow)
Group AL thickness 0.7 sm snd * Samples are sbjected 10 shew untll
anpulstions 0%, fracture, using » uriversal testing machine Abutments with » thickaess of 1mm showed better
i vitro Group A2! thickness of 0.7 mm and *A fr system, the 0 fracture pated 1o ab with »
angulations of 15, stress-surain diagram and recorded the loads to lhkh\auofﬂ?mta-nmsl
Group B1: thickness of 1 mm ang failure.
angwlations 0°;
Group 82: thickmess of § mm and * The breakng loads are then recorded and
anguelatens 15 anadyeed (bidvectional ANOVA and Kolmogorow-
Smimav),
Joo M5 etal. 36 Hybria Custom Abutments * Crowns i [< of the fra of
2015 [21] Ze transh IMum diskicate (PS¢ mas) replacing the maxilary | hyeld custom asbutments based on | The bresking load of Pwbrid sbutments with an axil
Germany) are divided into three central incisor, were bonded 10 the abutments (Rely | different wall thicksesses, reduction of 05mm = significantly higher (392.61 t 5057
groum X Unkem]. Each growp was divided into 2 subd N), than thowe of abutments with low pregaration
Group Al 0.5ewm abutments Aroups (with or without antificial aging: thermal thicknesses: {P <0.05)
cycling according o the peatocol (150 L0477)
i vitro Group B: 0. 7mm abutmenss * 0.7men thick abutrments: 317.54 = 30.05 %
A mam indanter m 4 mm 1ip * Abutments 0.9 mm thick: 292.74 £ 3713 N
the then & ¢h g
uumnm.noommnxmauuu. Conch. the anial of hybrid ab atfects
ther to f op )
* The modes of fracture were then idestified under
a micrescape
Tha breaking ioads were roated statisticaly [SPSS)
and analyzed by ANOVA (p <0.05)
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Author/study | Population/sample of ab Interventions Comparison Results

Pitta et al. 48 implants with an internal connection The samples were embedded in acrylic | Compare the bending moments

2019 (Conelog, Camlog) were supports. After aging (1,200,000 cycles, 49N, | and fracture pattern of hybrid The mean bending moments were 356.4 £ 20.8 Ncm for (T1),

2] restored with hybrid CAD / CAM abutments, | 1.67 Hz, 5 Cto 50" C, 120 s), a static load was | (zirconia-titanium) abutments 357.7 £ 26.3 Ncm for (T2), 385.5 + 21.2 Ncm for (T3) and
and divided into 3 groups depending on the | applied until the fracture (standard ISO 14801) | and restored custom titanium 358.8 + 25.3 Ncm for (C). The T3 group had significantly
crown material: The bending moments were then calculated. abutments with lithium disilicate | higher mean bending moment values than the other groups

In vitro (T1): monolithic lithium disiticate {e-max monolithic crowns (p <0.05).

CAD, Ivoclar) Values were compared statistically using an No difference was found between hybrid zirconia abutments
(T2) monolithic hybrid ceramic ANOVA test followed by a post hoc Tukey test and custom titanium abutments {p> 0.05). No failure was
(T3) monolithic zirconia {Lava Plus). (p <0.05). recorded during aging.

witness {C): 12 custom titanium abutments

restored with monolithic lithium disilicate * The types and patterns of rupture have been The fractures occurred at the level of the abutment of the
crowns (e-max cad, Ivoclar) analyzed descriptively. internal connection. For the material of the crowns,
All the crowns were bonded with (Panavia monolithic zirconia was found

21, Kuraray) mechanically superior to other materials.

Nouh et al. | 32 Implant-supported restorations | The abutments are screwed to the implants 43.8% of the lithium disilicate hybrid abutments were

2019 [4] simulating a maxillary first premolar CAD / | (torque of 20 Ncm) then were integrated into | Compare the tensile strength and | fractured, however 18.8% of the zirconia hybrid abutments
CAM divided into 2 groups depending on the | acrylic supports. failure mode of customized | were fractured.
material of the hybrid abutments: (n = 16) | The samples were stored for 2 hoursin distilied | hybrid abutments according to
zirconia (Z) and lithium disilicate (L) with | water (37 °C). the material and the method of | The ZC group had a significantly higher fracture resistance
titanium bases 3mm in length. Each group was subjected to 1.2 million cycles | assembly of the prosthetic [ (3730 N) compared to the LC (1295 N) and LS (849 N) groups

simulating masticatory loads of 120 N load. superstructure {bonded or screw- | (P <0.05),
* Each group was subdivided into 2 sub- retained)

In vitro groups according to the design of the | The surviving specimens were subjected to a All the samples of group LS, LC, ZC were fractured, 3
superstructure (n = 8): one-piece screw- | static load in a universal testing machine. specimens of group ZS {screw-retained crowns) survived.
retained restoration (ZS, LS) and two-stage | To determine the mode of failure The The fractures are located in the titanium bases (zirconia
restoration (ZC, LC), using self-adhesive | specimens were examined under an electron abutments) and the ceramic superstructure. (lithium
cement (SpeedCEM More; Ivoclar Vivadent) | microscope. disilicate abutments)

Joda et al. 20 Monelithic lithium disilicate crowns The abutments are screwed (35Ncm) onto Compare the stiffness and

2015 [22] bonded to abutments {Panavia F 2.0, implants (Bone Level Implant, SLA, RC4.1 10 x | resistance to fracture of the | * Absence of fractures.

Kuraray Noritake Dental). 12 mm, Straumann Institute) and integrated different abutments restored by | * Titanium abutments (G: A and B), have better resistance.
into polymethyl methacrylate supports thena | monolithic  lithium disilicate | * zirconia abutments (G: C and D) Statistically significant

Group A (n = 5): titanium abutments static load was applied (universal testing crowns difference (P <0.05) between the strength values of

(Straumann) machine) abutments (Astra) 366 N and abutments (CARES) 541 N. the

Group B {n =5): prefabricated titanium mean value of stiffness is 884 N / mm (Astra) and 1751 N /

In vitro abutments (Medentika) Stiffness and strength were evaluated and mm (CARES) (P <0.05).

Group C(n =5): Custom hybrid abutments calculated statistically with the Wilcoxon rank

in zirconia (Cares, Straumann) sum test. Cracks were observed under the microscope at the level of

Group D (n = 5): Customized full zirconia the connections (L: C and D)

abutments (Astra, Atlantis).

I11. DISCUSSION:

We were faced with the difficulty of synthesizing all the research findings, because of the great heterogeneity of the protocols.
Regarding the materials of the abutments: Guilherme et Coll. [8] compared the maximum resistance to static stresses, hybrid
zirconia abutments, hybrid abutments in composite CAD / CAM resins (Lava Ultimate; 3M ESPE) and custom abutments in
lithium disilicate (IPS e.max CAD, lIvoclarVivadent) . Fractures were observed between the abutment neck and the titanium base.
This team concluded that the hybrid CAD / CAM zirconia abutments showed significantly higher reliability compared to the other
abutments tested. Likewise, other studies have looked at the resistance of hybrid zirconia abutments by comparing them to alumina
abutments.

Zhu et al. [24] studied the survival rate of 141 custom abutments for two and a half years. A detachment of the zirconia structure of
the titanium base, of a single hybrid abutment was noted, allowing a survival rate of 99.2%. However, in this study, the follow-up
period is very short, which calls into question the validity of the published result. In fact, to be considered a reliable therapeutic
alternative, the abutments must demonstrate the same mechanical and biological qualities as or better than the titanium abutments
over a period of at least 5 years. [16]

Regarding the method of assembly All authors agree that there is a significant difference in the fracture resistance of hybrid
abutments with different modes of assembly. Whether in the study by Kim et Coll. [12] with the “Lava” abutments or that of
Mascarehnas et Coll. [6] With the “Variobase” abutments, bonding offers better mechanical results than friction. As for them,
Alsahhaf et al. [15] compare bonding and sealing with a glass ionomer cement. They found a cement with adhesive potential
(Panavia F 2.0) to be the most suitable. In contrast, no significant difference between brands of cement was demonstrated in the
study by Gehrke et al. [14], Similarly, Von Maltzahn et al. [1] compare the retention between the zirconia part and the titanium
base on 120 hybrid abutments. No significant difference was found between Panavia F 2.0 (cement with adhesive potential) and
RelyX Unicem (self-adhesive cement). However, the retention forces were influenced: By the surface treatment technique and by
the length of the titanium base.

Concerning the type of connection According to Truninger et al. [16], who compared the failure modes of hybrid abutments based
on different connections, the internal connections show greater resistance to bending and improve the distribution of forces.

The indication of angulated hybrid abutments should be limited. However, it is recommended to favor straight hybrid abutments,
with an internal connection and a thickness of at least 0.5mm in order to avoid any risk of deformation and to minimize possible
chess.

It should also be remembered that these results should be considered conscientiously, because they remain the result of in vitro
work. It remains absolutely essential to validate them in vivo thanks to clinical research, in order to confirm the positive data
obtained in the laboratory.
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CONCLUSION:

The combination of titanium and ceramic in the hybrid abutments enables the advantages of these two materials to be combined.
This personalized abutment appears to meet the biological and mechanical requirements of implant rehabilitation. In addition, the
personalized zirconia superstructure of a hybrid abutment meets the aesthetic challenges of the previous sector. It adapts to all
possible forms of emergence profile. Thus, based on our review of the literature, zirconia has shown better reliability compared to
other materials used for the design of hybrid abutments. The results of prospective studies point to good success rates for hybrid
abutments. However, further, longer-term studies with larger patient samples will be needed to clarify this conclusion.
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