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ABSTRACT

Zirconia Crown Retention On Conventional Versus Screw Channel Correcting

Abutments

Angel J. Calvo, DMD, 2022
Directed by: Jeffrey J. Kim, DDS, PhD

Chairman, Research Department

Naval Postgraduate Dental School
Introduction: Computer-aided design and Computer-aided manufacturing (CAD/CAM)
systems are used to design and fabricate ceramic restorations. A common workflow to
restore dental implants is cementing a monolithic zirconia crown to a prefabricated
titanium abutment. Depending on the position of the implant, a conventional or screw
channel correcting abutment can be utilized. Screw channel correcting abutments exhibit
a design feature that introduces a window along the axial surface, reducing the
abutment’s surface area, and possibly compromising crown retention.
Objective: The purpose of this study is to evaluate and compare retention of monolithic
zirconia copings designed using CAD/CAM software and cemented on either
conventional or screw channel correcting abutments when subjected to pull out testing.
Methods: 20 screw retained titanium alloy surface-treated pre-market abutments; 10
screw channel correcting and 10 conventional were attached to implant analogs and
torqued to 35 Necm. Twenty zirconia copings were digitally designed and milled from
pre-sintered yttrium-stabilized zirconium oxide disks. The copings were bonded to their
respective Ti-bases with dual cured resin cement and subjected to pull out testing at a

cross-head speed of Imm/min with a universal testing system. A two-sample t-test was

v



conducted to compare the mean Peak Loads (N) of conventional and screw channel
correcting abutments.

Results: There was significant difference in Peak Loads with the conventional
abutments have higher peak loads (Mean (M) = 704.6, Standard Deviation (SD) =115.9)
than screw channel correcting abutments (M = 510.0, SD =173.9); p = .008).
Conclusions: Zirconia Crowns bonded with dual cure resin cement to conventional
titanium abutments showed statistically higher retention than screw channel correcting

abutments of the same height.
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LIST OF ABBREVIATONS

Abbreviation Term

pum microns

Al Aluminum

C Celsius

CAD Computer-aided design

CAM computer-aided manufacturing

Co Cobalt

Cr Chromium

DMA N,N-dimethylacrylamide

GT Gradient technology

Gpa Gigapascal

HEMA Hydroxyethyl methacrylate

M Mean

mm millimeters

MDP 10-Methacryloyloxydecyl dihydrogen phosphate
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N Newton
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3Y-PSZ 3-yttria partially stabilized zirconia
4Y-PSZ 4-yttria partially stabilized zirconia
5Y-PSZ S5-yttria partially stabilized zirconia

X



SD Standard Deviation

STL Standard Tessellation Language
RMGI Resin-modified glass ionomer
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CHAPTER 1: Introduction

Several computer-aided design and computer-aided manufacturing (CAD/CAM)
software and milling systems have been developed to design and fabricate ceramic
restorations for natural teeth and dental implants.'> Monolithic all ceramic materials
have been extensively investigated with regards to marginal fit, esthetics, fracture
strength, cement type and cementation protocol.? Different types of digitally designed
monolithic restorations have been bonded to titanium bases and customized titanium
abutments with different surface pretreatments.>* One of the more commonly studied
monolithic ceramic materials is zirconium dioxide (zirconia) which has demonstrated
high fracture strength values when bonded to a titanium abutment for implant
restorations.>®

Zirconium dioxide is distinguished from other dental ceramics due to a unique
phenomenon referred to as transformation toughening. When heated, three forms in its
pure state have been identified: monoclinic (heating up to 1170 C), tetragonal (1170-2370
C) and cubic (above 2370 C up to melting point).”® As a result of this temperature-
dependent phase transformation process, zirconium ceramics exhibit a flexural strength
of 900-1200 Mpa, compressive strength of 2000 Mpa, and a fracture toughness of 6 Gpa.’
The polycrystalline structure of zirconia has less glass content, resulting in a less esthetic
restoration with less translucency when compared to ceramics with higher glass content. ’
A more translucent zirconia was introduced to improve esthetics, 5-yttria partially

stabilized zirconia (5Y-PSZ), which contains more cubic phase. In a study performed by



Alraheam and colleagues, the more conventional 3Y-PSZ has been shown to be more
durable than 5Y-PSZ when exposed to fatigue testing and thermocycling.®

Zirconia abutments with a titanium base have been shown to be stronger than all-
zirconia abutments.”> The back taper design of the zirconia coping on the titanium base
versus a shoulder or a chamfer has been found to be significantly more stable in resisting
fracture between the zirconia and the titanium base.’ The cementation protocol and type
of cement used are important factors as well.*!° The highest retention was found to be
with N,N-dimethylacrylamide/2-hydroxyethyl methacrylate (DMA/HEMA) based
cements for luting implant abutments to titanium bases.!! Mehl et al. studied the effects
of cement film thicknesses (15, 50, 80 or 110 microns (um)) and cement type on crown
retention. They concluded that both cement film thickness and choice of cement are
major contributors to the retentive strength of cement retained implant crowns, with 15
micron film thickness with a resin cement exhibiting the highest retentive strength.'?

CAD/CAM technology can provide more accurate superstructures than those
fabricated conventionally.!* Marginal fit of zirconium dioxide copings with a chamfer
margin have been reported to have mean values of 18.45 microns, which is well below
the clinically acceptable threshold of 120 pm.!*!> One important factor is the clinician’s
knowledge and familiarity with the software, as shown by Keunbada and colleagues in
which they found that learning curves may differ according to the type of dental CAD
software.!®!7 Abbo and colleagues found that when designing zirconia copings on
titanium abutments, the resistance to tensile and dislodging forces improved with a 1 mm

height increase while maintaining the same diameter. '8



A study performed by Castillo-Oyague, et al. found no correlation between
vertical marginal discrepancy or microleakage of implant supported crowns performed by
laser sintering on cobalt-chromium (Co-Cr.)!° At the same time, despite the framework
alloy and manufacturing technique, resin-modified glass ionomer (RMGI) and acrylic
urethane based cements provided better fit and less marginal leakage when compared to
self-adhesive dual cure resin cements.'? In another study, the marginal adaptation of all
ceramic crown systems on implant abutments varied by the type of crown and
cementation technique. Manually veneered zirconia demonstrated more favorable
marginal fit on both titanium and zirconia implant abutments before and after
cementation when compared to veneered and CAD/CAM fabricated lithium disilicate,
but marginal discrepancies increased after cementation for all abutment/crown
combinations. 2°

The objective of this study is to evaluate and compare the performance of
monolithic zirconia copings from pre-sintered yttrium-stabilized zirconium disks
designed using exocad CAD/CAM software (GmbH, Darmstadt, Germany) and cemented
on either screw channel correcting Ti Base S-link or conventional L-Link Ti Base
abutments (Mist, Seoul, South Korea) when subjected to pull out testing. The null
hypothesis is that monolithic zirconia crowns made of a gradient (GT) material that
combines 3Y-PSZ and 5Y-PSZ (IPS Emax, ZirCAD Prime, Ivoclar Vivadent, Schaan,
Liechtenstein) cemented to S-Link and L-Link titanium bases will perform similar when
subjected to pull-out retention testing with an MTS Insight electromechanical testing

system (MTS Systems Corporation, Eden Prairie, MN).



CHAPTER 2: Materials and Methods

In the present study, 20 titanium alloy (Ti 6Al 4V) TiN surface-treated pre-market
abutments; 10 screw channel correcting, 4.0 mm height (S-Link, Mist, Seoul, South
Korea) and 10 conventional, 5.5 mm height (L-Link, Mist, Seoul, South Korea) were
utilized (Fig. 1). Each L-link Ti Base was cut to 4 mm height and verified with a digital
caliper. Each screw-retained abutment was attached to a 4.3 mm implant analog (Nobel
Replace, Nobel Biocare, Gothenburg, Sweden) with 35 Ncm torque using a manual
torque adapter prosthetic (Nobel Replace, Nobel Biocare, Gothenburg, Sweden).
Implant-supported, cement-retained zirconia copings were designed using exocad
(exocad GmbH, Darmstadt, Germany) after a model scanner (Freedom HD, DOF, Seoul,
South Korea) was utilized to scan a scan body (Mist, Seoul, South Korea) with the
corresponding abutment. A crown was designed with the intaglio surface that matches
the L-link Ti base and another matching the S-link Ti base. The Standard Tessellation
Language (STL) files of each crown were transferred to another CAD open software
(Meshmixer) to modify the occlusal portion into a V shape in order to precisely fit in a
custom printed titanium jig for testing (Fig. 2). Once the STL models were created from
the coping design, they were be transferred to a CAM software (hyperDENT, Imagine
Milling technologies, Chantilly, Virginia, USA) where their positions were arranged into
two 98.5x20 mm A3 multilayered pre-sintered yttrium-stabilized zirconium oxide disks
(IPS e.max ZirCAD Prime, Ivoclar Vivadent, Schaan, Liechtenstein). A computer-aided
manufacturing 5-axis dry milling unit (CORiTEC3501, imes-i-core GmbH, Eiterfeld,

Germany) was utilized to mill 20 zirconia copings from the two respective disks. To



achieve the desired cement film thicknesses of 27 microns as specified in the CAD
software, the internal surfaces of the copings were machined using high performance
hard metal burs (T13, T14, and T15: imes-i-core, CORITEC, Las Vegas, United States)
capable of milling zirconium to precisely mirror the corresponding abutment shape.
Once the copings were milled and de-sprued they were placed in a lightweight sintering
furnace (Programat S1 1600, Ivoclar Vivadent, Schaan, Liechtenstein). The fit and
marginal adaptation of the zirconia copings to titanium abutments was evaluated using a
microscope and proper file thickness was verified using disclosing silicone (Fit-Checker,

Kuraray, Tokyo, Japan).

Before cementation, the inner surfaces of all crowns were air-abraded with 50 pm
aluminum oxide particles at 0.2 MPa pressure for 10 seconds. Specimens were cleaned
in an ultrasonic bath with ethanol 96% for 5 minutes. Specimens were dried with
pressurized air. Directly before cementing the copings, 10-Methacryloyloxydecyl
dihydrogen phosphate (MDP) adhesive primer (Kuraray, Noritake, Tokyo, Japan) was
applied and then air dried for 60 seconds. Dual-cure resin cement (PanaviaV5, Kuraray,
Noritake, Tokyo, Japan) was applied with a thin film to the crown inner surface. Cement
was light-cured per manufacturer instructions and the excess removed with a plastic

curette (Universal implant deplaquer, Kerr, Bioggo, Switzerland). After cementation,

specimens were stored in demineralized water at 37°C for 72 hours. All specimens were
subjected to pull out testing at a cross-head speed of 1mm/min until crown displacement
and load drop using MTS Insight electromechanical testing system (MTS Systems

Corporation, Eden Prairie, MN) (Fig. 3). The peak load force was recorded in N.



CHAPTER 3: Results

An independent samples t-test was conducted to compare the mean peak loads of
the two abutment types. There was a statistically significant difference in peak loads
with conventional abutments having higher mean loads than screw channel correcting
abutments. The mean force necessary to remove the zirconia copings (N) from the 4.00
mm conventional titanium bases (M = 704.6, SD = 115.9) was higher than for the 4.0 mm

screw channel correcting titanium bases (M = 510.0, SD = 173.9); p = 0.008 (Fig. 4).



CHAPTER 4: Discussion

The initial null hypothesis, that there is no difference in tensile strength between
(4.00 mm) conventional and (4.00 mm) screw channel angle correcting Ti-bases of the
same height when cemented with dual cure resin cement, was rejected. If the clinician
anticipates the need of screw channel correcting Ti-base to account for the position of the
implant; one must be aware that this restorative option may be beneficial in certain cases
but retention values are significantly lower. In this study, the unpaired samples t-test was
used to compare the two means. Retention form and resistance form of an indirect
restoration is usually based upon tooth preparations and cements. Resistance form of a
dental implant abutment is the form given that will best enable the restoration to
withstand stress during masticatory forces. Retention form of the abutment design is
intended to prevent the cemented restoration to be dislodged. Since the screw channel
correcting Ti-base has a chair like configuration, there is significantly less surface area
when compared to the conventional straight Ti-base.

Abbo et al. found mean tensile forces of 198.09 N and 124.89 N on conventional
4.3 mm platform width abutments with 6.5 mm and 5.5 mm in height respectively,
utilizing provisional luting cement. '® This value is significantly lower than the one
obtained in the present study even though they used taller abutments. Mahltzahn ef al.
reported retention of zirconia copings cemented to air particle abraded Ti-bases with
different resin cements with mean values between 223 N and 598.6 N; samples that used
a ceramic primer reported significant higher values, closer to the ones on the present

study. 2¢ Gehrke et al. reported mean retentive strengths between of 650.7 N to 924.93 N



from different resin cements cemented to 5.5 mm height Ti bases. The highest mean
strength values were found when specimens were bonded with Panavia 21 cement, Ti
bases and copings were air particle abraded and stored in distilled water for 60 days.?’
Linkevicius et al. obtained mean retentive values of 467 N, 665 N, 1338 N with 3
different resin cements on Ti-bases of 5 mm height with no air particle abrasion. * In both
studies the values reported were higher than the present study but in both studies the Ti
bases were higher; on the Linkevicius et al study 665N (RelyX U200, 3M ESPE) of
tensile force was recorded with dual cured resin cement, 1338 N was recorded with a
fluoroalumino silicate glass cement (G-CEM Link Ace (GC Co), the claim was the use of
special ester phosphate monomers versus the methacrylate monomers on the RelyX
cement helped in the retention of the copings.

This study evaluated the effect of both Ti-bases under ideal laboratory conditions.
This test may indicate what the clinician might experience during a clinical scenario; not
necessarily an accurate indication of the intraoral environment. Cyclic loading and
thermocycling might give additional information and better understanding of the material
tested. The values of the present study are consistent within the range of the previous
studies made with MDP based resin cements despite the use of a shorter abutment and no

air particle abrasion treatment on its titanium surface.



CHAPTER 5: Conclusions

Within the limitations of this in vitro study, based on the results the following
conclusions were made. Zirconia copings bonded with dual cure resin cement to
conventional titanium bases showed statistically higher retention than screw channel
correcting abutments of the same height. The amount of surface area impacted
significantly the tensile values even with the use of MDP based resin cements. The more
parallel vertical walls of the screw channel correcting Ti bases did not compensate for the
higher total occlusal convergence of the conventional abutments. In a clinical scenario
were the need for angle correction to retrieve the restoration is deemed necessary, the
retentive values for this option are slightly lower compared to that of conventional screw

channel abutments when using a resin based dual cure cement.
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Table 1. Conventional Ti Bases Raw Data

Table 1. Conventional Ti Bases Raw
Data
Specimen Peak Load (N)
1 691.773
2 647.216
3 680.35
4 721.369
5 850.772
6 711.531
7 437.855
8 771.765
9 690.442
10 843.225
Mean 704.63
Std. Deyv. 115.865
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Table 2. Screw Channel Correcting Ti Bases Raw Data

Table 2. Screw Channel Correcting Ti
bases Raw Data

Specimen Peak Load (N)
1 507.586

2 715.918

3 512.872

4 270.71

5 538.838

6 507.104

7 358.349

8 868.36

9 426.071

10 394.459

Mean 510.027

Std. Dev. 173.951

12



a. b.

Figure 1. Titanium base types. (a) Screw channel angle correcting titanium base

(aka S link). You can observe the chair like configuration. B). Conventional (aka
L link) 4 mm titanium base after being cut.
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a. b. c.
Figure 2. CAD STLs. (a) Pre -molar crown STL prior to modification, (b) Zirconia

coping modified STL lateral view, (c) Zirconia coping occlusal view with screw
access channel.
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Figure 3. Zirconia specimen being held in place by a printed titanium jig on top (red
arrows) and clamp holder on the bottom to hold the implant analog in place
while performing the testing.
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Peak Load (N)

1000
800
600
400
200

Conventional Screw channel
abutments correcting abutments

Figure 4. This graph represents the average peak loads measured from 10
conventional and 10 screw channel correcting abutments using MTS testing
machine. Y-axis presents peak load values in Newtons (N). The mean force
necessary to remove the zirconia copings (N) from the 4.00 mm conventional
titanium bases (M = 704.6, SD = 115.9) was higher than for the 4.0 mm screw
channel correcting titanium bases (M = 510.0, SD = 173.9); p = 0.008.
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a. b.

Figure 5. Post testing. (a) Conventional Ti base, (b) Screw channel correcting Ti base

17



REFERENCES

Kelly JR, Rungruanganunt P. Fatigue Behavior of Computer-Aided
Design/Computer-Assisted Manufacture Ceramic Abutments as a Function of
Design and Ceramics Processing. Int J Oral Maxillofac Implants. 2016;31(3):601-
609.

Weyhrauch M, Igiel C, Scheller H, Weibrich G, Lehmann KM. Fracture Strength
of Monolithic All-Ceramic Crowns on Titanium Implant Abutments. Int J Oral
Maxillofac Implants. 2016;31(2):304-309.

Pitta J, Fehmer V, Sailer I, Hicklin SP. Monolithic zirconia multiple-unit implant
reconstructions on titanium bonding bases. Int J Comput Dent. 2018;21(2):163-
171.

Linkevicius T, Caplikas A, Dumbryte I, Linkeviciene L, Svediene O. Retention of
zirconia copings over smooth and airborne-particle-abraded titanium bases with
different resin cements. J Prosthet Dent. 2019;121(6):949-954.

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;117(4):499-506.

Elsayed A, Wille S, Al-Akhali M, Kern M. Effect of fatigue loading on the
fracture strength and failure mode of lithium disilicate and zirconia implant
abutments. Clin Oral Implants Res. 2018;29(1):20-27.

Kelly JR, Benetti P. Ceramic materials in dentistry: historical evolution and

current practice. Aust Dent J. 2011;56 Suppl 1:84-96.

18



10.

11.

12.

13.

14.

15.

Alraheam IA, Donovan T, Boushell L, Cook R, Ritter AV, Sulaiman TA. Fracture
load of two thicknesses of different zirconia types after fatiguing and
thermocycling. J Prosthet Dent. 2019.

Mieda M, Atsuta [, Matsushita Y, et al. The effective design of zirconia coping on
titanium base in dental implant superstructure. Dent Mater J. 2018;37(2):237-243.
Lopes ACO, Machado CM, Bonjardim LR, et al. The Effect of CAD/CAM
Crown Material and Cement Type on Retention to Implant Abutments. J
Prosthodont. 2019;28(2):¢552-e556.

Wiedenmann F, Liebermann A, Spintzyk S, Eichberger M, Stawarczyk B.
Influence of Different Cleaning Procedures on Tensile Bond Strength Between
Zirconia Abutment and Titanium Base. Int J Oral Maxillofac Implants.
2019;34(6):1318-1327.

Mehl C, Harder S, Steiner M, Vollrath O, Kern M. Influence of cement film
thickness on the retention of implant-retained crowns. J Prosthodont.
2013;22(8):618-625.

Moilanen P, Hjerppe J, Lassila LVJ, Narhi TO. Fracture Strength and Precision of
Fit of Implant-Retained Monolithic Zirconia Crowns. J Oral Implantol.
2018;44(5):330-334.

Euan R, Figueras-Alvarez O, Cabratosa-Termes J, Oliver-Parra R. Marginal
adaptation of zirconium dioxide copings: influence of the CAD/CAM system and
the finish line design. J Prosthet Dent. 2014;112(2):155-162.

Sadowsky SJ. Has zirconia made a material difference in implant prosthodontics?

A review. Dent Mater. 2020;36(1):1-8.

19



16.

17.

18.

19.

20.

21.

22.

Son K, Lee WS, Lee KB. Prediction of the learning curves of 2 dental CAD
software programs. J Prosthet Dent. 2019;121(1):95-100.

Son K, Lee KB. Prediction of learning curves of 2 dental CAD software
programs, part 2: Differences in learning effects by type of dental personnel. J
Prosthet Dent. 2019.

Abbo B, Razzoog ME, Vivas J, Sierraalta M. Resistance to dislodgement of
zirconia copings cemented onto titanium abutments of different heights. J
Prosthet Dent. 2008;99(1):25-29.

Castillo-Oyague R, Lynch CD, Turrion AS, Lopez-Lozano JF, Torres-Lagares D,
Suarez-Garcia MJ. Misfit and microleakage of implant-supported crown copings
obtained by laser sintering and casting techniques, luted with glass-ionomer, resin
cements and acrylic/urethane-based agents. J Dent. 2013;41(1):90-96.
Martinez-Rus F, Ferreiroa A, Ozcan M, Pradies G. Marginal discrepancy of
monolithic and veneered all-ceramic crowns on titanium and zirconia implant
abutments before and after adhesive cementation: a scanning electron microscopy

analysis. Int J Oral Maxillofac Implants. 2013;28(2):480-487.

Ferrini F, Sannino G, Chiola C, Cappare P, Gastaldi G, Gherlone EF. Influence of

Intra-Oral Scanner (1.O.S.) on The Marginal Accuracy of CAD/CAM Single
Crowns. Int J Environ Res Public Health. 2019;16(4).

Lopez-Suarez C, Castillo-Oyague R, Rodriguez-Alonso V, Lynch CD, Suarez-
Garcia MJ. Fracture load of metal-ceramic, monolithic, and bi-layered zirconia-

based posterior fixed dental prostheses after thermo-mechanical cycling. J Dent.

2018;73:97-104.

20



23.

24.

25.

26.

27.

Roberts EE, Bailey CW, Ashcraft-Olmscheid DL, Vandewalle KS. Fracture
Resistance of Titanium-Based Lithium Disilicate and Zirconia Implant
Restorations. J Prosthodont. 2018;27(7):644-650.

Stawarczyk B, Basler T, Ender A, Roos M, Ozcan M, Hammerle C. Effect of
surface conditioning with airborne-particle abrasion on the tensile strength of
polymeric CAD/CAM crowns luted with self-adhesive and conventional resin
cements. J Prosthet Dent. 2012;107(2):94-101.

Tordiglione L, De Franco M, Bosetti G. The Prosthetic Workflow in the Digital
Era. Int J Dent. 2016;2016:9823025.

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; 18:735-44.

Gerhke P, Alius J, Fischer C, Eldelt KG, Beuer F, Retentive strength of two piece
two piece CAD/CAM Zirconia implant abutments. Clin Implant Dent Relat Res.

2014; 16:920-5

21



	Calvo_Angel 3202D(FINAL)
	Calvo - Approval
	Calvo_Angel Thesis(FINAL)

