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Article  
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Abastract: Purpose: To analyze the influence of the type of cement, aging, and implant connection 
regarding the Institute of Excellence in Teaching and Research-IETR Institute of Excellence in 
Teaching and Research-IETR retention capacity of zirconia crowns cemented onto the Titanium base 
abutment Material and methods: The specimens was divided into four groups: Ti-Base External 
Hexagon 5,0x4,7x1,0 mm (n=20) or Ti-Base Morse Taper 5,0x4,7x1,5 mm (n=20), temporary or 
definitive cement, and mechanical aging (with or without). All the samples underwent a tensile test. 
Results: Data analysis was assessed using the Shapiro-Wilk, three-way ANOVA with repeated 
measures, and Tukey's test (P < 0.05). The failure mode was also recorded. The Morse taper implants 
presented a statistically significantly higher average retention strength than the external hexagon 
implants. Groups III and IV presented the highest value compared to the other groups (565 and 491 
N). Most mixed failures were found for all groups. Conclusion: Mechanical aging impeded the 
retention force of milled zirconia crowns cemented on titanium base abutments with resin cement on 
Morse taper implants had greater retention force compared to external hexagon implants. 

Keywords: prosthodontics; prostheses and implants; dental implants.  
 

1. Introduction 

The enduring success of implant prosthodontics is associated with precise adaptation between 
the prosthetic components, aesthetics, resistance to masticatory movements, and harmony in the 
stomatognathic system [1]. Micromovements occur in the external hexagon (HE) connection as a 
consequence of the hexagon design, low resistance to masticatory loads, microgaps, bone resorption 
and difficulty in the rehabilitation procedure [2,3]. The Morse cone is widely used in rehabilitation 
due to its excellent sealing capacity, lower stress, greater stability between the prosthetic component 
and the implant and reduction of microspaces at the interface [2–4]. 

Prosthetic components called Ti-base abutments are prefabricate ted abutments known as 
rehabilitation components and have a geometry that is easy to cement and screw in the same 
prosthesis, with the exact implant-abutment precision provided by the manufacturer [5]. The advent 
of CAD/CAM, such as the titanium-based abutment [Ti-base), facilitates digital restoration design 
and milling of prosthetic restorations that can be cemented extraorally and then screwed to the 
implant [6,7]. 
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Nowadays, the usual CAD/CAM systems provide a vast library of databases for the agile 
manufacture of restorations on titanium-based abutments [5]. Among the advantages of the Ti-based 
technique found in the scientific literature, we can mention the customization of the emergence 
profile, time saving with reduced costs, hybrid retention mechanism [cemented and screwed) that 
makes it possible to remove excess cement and achieve satisfactory photopolymerization of the 
restoration margins before screwing it to the implant [7,8]. 

Calculated survival rates for implant-supported single crowns are 97% for porcelain-fused-to-
metal and 90% to 96% for zirconia crowns after observation periods of 5 and 10 years, respectively 
[9,10]. Given its chemical inertness and lack of a glass phase, satisfactory bonding to zirconia has been 
clinically challenging. Bonding efficacy to zirconia is maximized when airborne particle abrasion, 
silica tribochemical coating, or etching with 10-methacryloyloxydecyl dihydrogen phosphate (MDP) 
monomer are used [11–13]. 

The choice of cement type is important for successful cemented implant restorations. Temporary 
cement is a safe alternative for implant crowns compared to conventional and resin-based cement 
[14]. The cement should be suitable for retaining the prosthesis, but at the same time, it should allow 
dentists to remove the restoration easily and safely [15]. However, in some cases, such as a small 
abutment height, it is necessary to select cement with higher bond strength [16]. Resin-based cements 
are an excellent choice, as they provide high levels of retention and entrapment with low 
microleakage [15]. Surface treatments tend to improve the adhesion of zirconia to resin cement in 
vitro; factors such as temperature variations, saliva and mechanical fatigue can affect the longevity 
of the bond between zirconia crowns and resin cement [17,18]. Aging, such as water storage, exposure 
to acids, thermocycling and mechanical loading, are methods that evaluate the stability of the bonded 
interface [19–21]. 

The aim of this study was to analyze the influence of the type of cement and the impact of aging 
on the retention of zirconia crowns cemented on a titanium-base abutment in external hexagon and 
morse taper implant connections. The first null hypothesis is that there would be no difference in 
retention strength before and after mechanical cycling. The second null hypothesis is that no 
difference would exist between the prosthetic connections evaluated. Finally, the third null 
hypothesis is that there would be no difference between the cements used. 

2. Materials and Methods 

2.1. Study Design 

This study divided the samples according to implant platform [EH or MT), cement type 
[temporary or definitive), and mechanical aging (with or without). Group I MT: CH + without aging 
(n=20); Group II MT: CH + aging (n=20); Group III MT: RC + without aging (n=20); Group IV MT: RC 
+ aging (n=20); Group V EH: CH + without aging (n=20); Group VI EH: CH + aging (n=20); Group VII 
EH: RC + without aging (n=20); Group VIII EH: RC + aging (n=20). 

2.2. Crowns Fabrication 

A typodont with an upper right second premolar missing and a Biofit External Hex Implant 
3.75x11.5 mm (DSP Biomedical, Campo Largo, PR, Brazil) in position was scanned with the CS3600 
scanner (Carestream, Atlanta, GA, USA), using a Biofit scanbody (DSP Biomedical, Campo Largo, 
PR, Brazil), adapted directly to the implant platform. Using the obtained file, a full-coverage crown 
was designed using EXOCAD software (Exocad, Darmstadt, Germany) (Figure 2). After the 
confection of this crown, it was cemented on the Ti-Base Standard HE 5.0x4.7x1.0 mm and Tibase 
Standard CMI 5.0x4.7x1.5 mm abutments (DSP Biomedical, Campo Largo, PR, Brazil). 

Understanding that the Ti-Base abutment has the same geometry and dimensions for both 
External Hexagon and Morse Taper implants, a single design was used to manufacture 120 (one 
hundred and twenty) milled zirconia crowns (ProtMat Infra Translucency 35%; Protmat Materiais 
Avançados Ltda, Juiz de Fora, MG, Brazil), using the InlabCAM software (Dentsply Sirona, Charlotte, 
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NC, USA) and the MCX5 milling machine (Dentsply Sirona, Charlotte, NC, USA) (Figure 1). After 
milling, the crowns were sintered in the Inlab Profire Sirona furnace. 

 

Figure 1. Milled full-coverage zirconia crowns. 

 

Figure 2. Pull-out testing is being performed in the universal testing machine. 

2.3. Specimens’ Fabrication 

A total of 20 Morse taper implants and 20 external hexagon implants (3.75x11.5 mm; DSP 
Biomedical, Campo Largo, PR, Brazil) were positioned in cylindrical blocks of self-curing acrylic resin 
(JET Clássico, Campo Limpo Paulista, SP, Brazil). A custom metal device measuring 4.5 cm wide x 
4.5 cm long x 1.5 cm high with a hole diameter of 1.8 cm was fabricated. A surveyor (B2; Bioart, São 
Carlos, SP, Brazil) was used to position the external hexagon implant with its prosthetic platform 
located 3 mm above the upper limit of the metal device, which simulates the position of the implant 
in relation to the bone level (ISO 14801, of 11/01/2016). For the Morse taper implant, the prosthetic 
platform was positioned 1 mm above the upper limit of the metal device, as indicated by the 
manufacturer. 

2.4. Cementation Procedures 

All crowns and abutments were cleaned using an ultrasonic bath containing 96% ethanol for 5 
minutes, washed with distilled water, and dried [22]. According to the manufacturer's instructions, 
all the Ti-base abutments were installed in their respective implants and torqued to 30 N/cm. 
Polytetrafluoroethylene (PTFE) tape was used to fill the screw access of the abutments. For Groups I 
and V, the crowns were cemented with Calcium Hydroxide temporary cement (Hydro C; Dentsply 
Sirona, Charlotte, NC, USA) with a 1:1 catalyst and base ratio, manipulated for 10 s, and cemented 
under a pressure of 5 kg for 5 minutes. 

The same crowns for Groups I and V were used for Groups II and VI. For this, the remaining 
temporary cement was removed from the inside of the zirconia crowns with 50-μm aluminum oxide 
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particles airborne-particle abrasion under a pressure of 1.5 bar at a distance of 1 cm at 45° for 15 s. 
The crowns were rinsed with 70% isopropyl alcohol for 30 s, then washed with water for 30 s, and 
cleaned in an ultrasonic bath (70% isopropyl alcohol, 15 min), rewashed with water for 30 s and dried 
with air [22]. A dentin curette was used to remove residual cement from the abutments and immersed 
in an ultrasonic bath with 70% isopropyl alcohol for 15 min [22,23]. The cleaned abutments were 
rinsed in distilled water, dried, and visually inspected to ensure complete cement removal [23]. As 
mentioned above, the abutments were placed and torqued, and the cementation procedures were 
done. 

For the definitive cement groups (groups III, IV, VII, VIII), the new crowns were prepared with 
50-μm aluminum oxide particles airborne-particle abrasion (particle size; Polidental Ind., Cotia, São 
Paulo, Brazil) at a distance of 10 mm for 10 s and a pressure of 2 bars; cleaned in an ultrasonic bath 
with distilled water for 5 min and vigorously air-dried for 20 s. A universal adhesive (Scotchbond 
Universal; 3M ESPE; Saint Paul, Minnesota, USA) was applied with a microbrush to the interior of 
the crowns and the surface of the Ti-base abutments for 20 s, and the excess was removed by air-
drying for 5 s. To cement the crowns to the Ti-base abutments, a dual resin cement (RelyX Ultimate; 
3M ESPE; Saint Paul, Minnesota, USA) was mixed according to the manufacturer's instructions and 
applied directly to the internal surface of the zirconia crown and the entire surface of the Ti-base 
abutment. The crowns were positioned and maintained in position by finger pressure. Excess cement 
was removed from the margins with a cotton ball. Then, light activation was performed with a curing 
light (Valo; Ultradent Products Inc., South Jordan, Utah, USA) on each surface for 20 s, with the 
standard power mode 1000 mW/cm2. 

2.5. Mechanical Aging 

For the aged groups (groups II, IV, VI, VIII), a mechanical loading was Applied with a 6 mm 
diameter metal piston for 240,000 cycles at 60 mm/min with a load of 50 N, with an electromechanical 
fatigue machine – MSFM (HM Electrical Solutions, Araçatuba, SP, Brazil). 

2.6. Pull-Out Test 

For the pull-out testing, all specimens were fixed in a rigid fixture to the universal testing 
machine (EMIC DL-3000, São José dos Pinais, PR, Brazil), and a steel cable was attached to each end 
of the occlusal bar (Figure 2). A tensile load (0.5 mm/min) was applied to the long axis of the tooth 
and recorded in Newtons (N). After the crown removal, the failure mode according to the cement 
location was recorded by a calibrated observer who examined the crown and the Ti-base abutment 
to identify the nature of failure according to the criteria in Table 1. Data analysis was initially assessed 
using the Shapiro-Wilk test. Then, the three-way ANOVA parametric test with repeated measures 
was performed. Tukey's test was used as a post-hoc (P < 0.05). 

Table 1. Failure characterization by cement quantity after the test. 

Failure description Failure classification 
Amount of remaining cement in the Ti-base less than 50% Metal failure 
Amount of remaining cement in the ti-base greater than 50% Zirconia failure 
Amount of remaining cement in the ti-base equal to 50% Mixed failure 

3. Results 

The distribution of quantitative data was considered normal by the Shapiro- Wilk test (p>0.05). 
Then, the parametric ANOVA test with three repeated measures was performed, in which a 
statistically significant difference was observed for the factors “Aging”, “Implant”, and “Cement” 
isolated, with the value of p<0.001 for the different factors.  

Table 2 shows a statistical significance for the variable “aging” alone (P<.001). Mechanical aging, 
regardless of the implant connection or cement type, decreased the retention strength in the samples. 
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However, it was not possible to observe a statistical difference when “aging” and “implant 
platforms” were evaluated together (P=0.254); “aging” and “cement” (P=0.066), or “aging”, “implant 
platforms” and “cement” (P=0.646). 

Table 3 shows a statistically significant difference for the variables “implant platforms” and 
“cement” evaluated (P<.001). The Morse taper implants presented a statistically significantly higher 
average retention strength than the external hexagon implants, independently of the mechanical 
cycling and the type of cement. Regarding the type of cement, resin cement also presented a 
statistically significantly higher resistance force than calcium hydroxide cement, regardless of 
mechanical cycling and the type of implant. 

Table 4 shows the average value (in N) of the retention strength for the implant platforms and 
cement types before and after aging. Thus, it was possible to verify that Groups III and IV presented 
the highest value compared to the other groups (565 N before mechanical aging and 491 N after 
mechanical aging). The post-hoc test showed that the highest statistically significant pull-out force 
values were observed before aging (p<0.001) for MT implants (p<0.001) using the definitive cement 
(p<0.001). 

Was it possible to observe an increase in the amount of mixed failure after mechanical aging 
(Figure 3). When comparing the implant types, it is possible to verify that the average mixed failure 
with the Calcium Hydroxide cement remained similar among the Morse taper implants. When 
comparing the resin cement between the implant platforms, it was possible to observe an increase in 
the external hexagon groups compared to the Morse taper groups. It was also likely observed that 
the metal failure in the external hexagon group with resin cement decreased compared to the other 
groups. 

Table 2. Analysis of variance (ANOVA) of all variables evaluated. 

 Sum of 
Squares 

df Mean 
Square 

F P 

Aging 151272 1 151272 282.917 < .001* 
Aging ✻ Implant platforms 707 1 707 1.323 0.254 
Aging ✻ Cement 1865 1 1865 3.489 0.066 
Aging ✻ Implant platforms ✻ Cement 114 1 114 0.213 0.646 
Error 40636 76 535   
Note. Type 3 Sums of Squares 

Table 3. 2-way analysis of variance (ANOVA) of all variables evaluated. 

 Sum of 
Squares 

df Mean 
Square 

F P 

Implant platforms 30576 1 30576 15.878 < .001* 
Cement 6.29e+6 1 6.29e+6 3266.722 < .001* 
Implant platforms ✻ Cement 422 1 422 0.219 < .001* 
Error 146357 76 1926   
Note. Type 3 Sums of Squares 

Table 4. Mean and standard deviation of the pull-out test. 

Groups 
Implant 
platform Cement type 

Mechanical 
aging Pull-out mean (N) 

Group I MT CH No 163 ± 35.7 
Group II MT CH Yes 106 ± 25.7 
Group III MT RC No 565 ± 44.7 
Group IV MT RC Yes 491 ± 51.1 
Group V EH CH No 130 ± 27 
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Group VI EH CH Yes 77.5 ± 23.1 
Group VII EH RC No 535 ± 33.8 
Group VIII EH RC Yes 472 ± 30 
MT – Morse taper; EH – external hexagon; CH – calcium hydroxide; RC – resin cement. 

 
Figure 3. Cement failure mode. 

4. Discussion 

Based on this study's findings, the first null hypothesis that there would be no significant 
difference in retention strength before and after mechanical cycling was rejected. The second null 
hypothesis, which was that no statistical difference would exist with implants with External Hexagon 
and Morse Taper, was also rejected. Finally, the third null hypothesis that there would be no 
statistically significant difference between the cements was also rejected. 

Mechanical aging, regardless of the implant connection or cement type, decreased the retention 
strength of the samples. This result agrees with other studies demonstrating that mechanical aging 
influences the retention strength [24–30]. No studies were found in the literature comparing the 
retention strength of crowns on Tibase abutments in Morse taper and external hexagon implants. The 
studies found to evaluate the retention strength compared factors such as types of cement 
[24,25,28,30], surface treatment, and height of Ti-base abutments [24,30]. 

The Morse taper and external hexagon comparison performed better in the Morse taper groups. 
This is due to better stress distribution and stability between the abutment and implant, as well as 
the reduction of micro spaces in the interface of the Morse taper system [2–4,29]. The presence of 
micro-movements in the external hexagon connection has been reported in scientific literature due to 
the size of the hexagon, low resistance to masticatory loads, more significant micro gaps, alveolar 
bone resorption, and rehabilitation failure [2,3]. Some authors concluded that the micro space in the 
Morse taper connection was smaller when compared to the external hexagon connection [31,32]. 

Another factor evaluated was the impact of the type of cement. The resin cement presented 
retention values higher than the temporary cement for both implant connections. The results of this 
study are corroborated by other studies, where the resin cement presented higher retention values 
than the temporary cement [5,24,30,33]. However, the higher risk of crown fracture with resin cement 
was mentioned [24]. The superiority of the resin cement is due to its better adhesive property and the 
surface treatment performed on the crown and the Ti-base abutment. Kemarly et al. [34] studied the 
effect of mechanical and chemical treatment of the Ti-based abutment surface on the bond strength 
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of a lithium disilicate framework. They found that chemical surface treatment with Monobond Plus, 
compared to mechanical treatment with CoJet (silicatization) or abrasion of airborne aluminum oxide 
particles, resulted in higher retention strength, and that without mechanical treatment of the coated 
surface, in lower retention strength, regardless of the chemical surface treatments. Using three resin-
based luting agents, Gehrke et al. [35] evaluated the retention of CAD/CAM-fabricated zirconia 
abutments after artificial aging under simulated oral conditions. They concluded that the use of resin-
based luting agents in combination with abrasion of the titanium abutment and zirconia copings led 
to stable retention. Finally, Zahoui et al. [36] established a more effective cementation protocol for 
cementing CAD/CAM zirconia crowns on Ti-based abutments. They studied the influence of 
abutment height, cement type, and surface pretreatment. They concluded that there is a direct 
relationship between Ti-based height, micromechanical or chemical pretreatment, and conventional 
adhesive in improving the retention of zirconia crowns.A higher percentage of the mixed failure 
pattern was found for all groups and can be justified by the convergent anatomy of the Titanium-
base abutment [37]. The angulation of the abutment base up to its half is almost parallel, increasing 
the convergence angle from its half to the most occlusal portion. When comparing the type of 
cementation failure with the implant types, it is possible to verify that the mixed failure remained 
similar when cemented with calcium hydroxide cement. When resin cement was used, it was possible 
to observe an increase in mixed failures in the external hexagon groups compared to the Morse taper 
groups. This higher percentage of mixed failure in the external hexagon implants is justified by the 
inferior biomechanical properties of this type of connection compared to the Morse taper 
connection31. Previous studies [31,32,38] have demonstrated the higher presence of micro spaces in 
external hexagon implants than Morse taper implants, which can generate more significant 
movements in the abutment/implant assembly, leading to mixed cementation failure. The intimate 
contact of the prosthetic component to the Morse taper implant, also known as “cold welding”, 
generates higher stability of the assembly [29,31,32,38] justifying the lower percentage of mixed 
failure compared to the external hexagon implant. 

Although it is an in vitro study, the results of this study help to gain knowledge about Titanium-
base abutments, types of restorative materials, cements, and types of implant connections to increase 
the longevity of treatments using this type of abutment in clinical conditions. It is necessary to analyze 
the performance of different restorative materials and cement attached to the Ti-base abutment in 
different implant connections. Therefore, additional in vitro and in vivo investigations around the Ti-
base abutment should be conducted to understand hybrid restorations properties and retention 
mechanisms in different prosthetic connections. 

5. Conclusions 

1. Mechanical aging decreased the retention force of restorations cemented on the Titanium-base 
abutment. 

2. Zirconia crowns cemented on the Titanium-base abutment with resin cement on Morse taper 
implants presented higher retention force measured against external hexagon implants. 
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