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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 
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II. 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 SmartCem2 

(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 (Po0.001) 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. 
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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  
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III. 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, IvoclarVivadent) . 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. 

 

 ACKNOWLEDGMENT 

NONE 

REFERENCES 

 [1] Von Maltzahn NF, Holstermann J, Kohorst P. Retention Forces between Titanium and Zirconia Components of Two-Part 

Implant Abutments with Different Techniques of Surface Modification. Clin Implant Dent Relat Res. 2016 Aug; 

18(4):735-44 

[2] Pitta J, Hicklin SP, Fehmer V, Boldt J. Mechanical stability of zirconia meso-abutments bonded to titanium bases restored 

with different monolithic all-ceramic crowns. Int J Oral Maxillofac Implants. 2019 September/October ; 34(5) :1091–1097 

[3] Chun HJ, Yeo IN, Lee JH, Kim SK et al. Fracture strength study of internally connected zirconia abutments reinforced 

with titanium inserts. Int J Oral Maxillofac Implants. Mar-Apr 2015; 30(2):346-50 

[4] Nouh I, Kern M, Sabet AE, Aboelfadl AK et al. Mechanical Behavior of Posterior All-Ceramic Hybrid-Abutment-Crowns 

versus Hybrid- Abutments with Separate Crowns – A Laboratory Study. Clin Oral Implants Res. 2019 Jan;30(1): 90-98 

[5] Gehrke P, Johannson D, Fischer C, Stawarczyk B, Beuer F. In vitro fatigue and fracture resistance of one and two-piece 

CAD/CAM zirconia implant abutments. Int J Oral Maxillofac Implants. May-Jun 2015 ; 30(3):546-54 

[6] Mascarenhas F, Yilmaz B, McGlumphy E et al. Load to failure of different zirconia implant abutments with titanium 

components. J Prosthet Dent. 2017 Jun ; 117(6):749-754. 

[7] Guilherme MN, Chung K.H, Flinn B.D. Assessment of reliability of CAD-CAM tooth-colored implant custom abutments. 

J Prosthet Dent. 2016 Aug; 116(2):206-13 

[8] Gungor BM, Karakoca Nemli S, Yilmaz H, Aydin C. Fracture resistance of different implant supported ceramic 

abutment/crown systems. Eur Oral Res. 2019 May ; 53(2):80-87 

[9] Elsayed A, Wille S, Al-Akhali M, Kern M. Comparison of fracture strength and failure mode of different ceramic implant 

abutments. J Prosthet Dent 2017 Apr; 117(4):499-506. 
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