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New technologies to improve the physical proper-
ties and processing of zirconia implant abutments

offer the promise of optimized esthetic outcomes and
long-term functional results.1 However, the internal
connection between a customized abutment and the
implant continues to be a technical challenge.

The aim of this preliminary prospective clinical report
was to study the efficacy of a zirconia abutment ce-
mented to an antirotational titanium component at-
tached to the implant. This customized bicomponent
approach also permitted additional observations, in-
cluding laboratory analysis of the marginal fit and clin-
ical gingival response.

Materials and Methods

Twenty-five patients requiring 30 single implant-sup-
ported crowns were selected for the study. The inclusion
criteria comprised (1) consecutive patient selection and
informed consent, (2) patients 18 years of age or older
with no history of systemic disease or recent (within a
12-month period) therapeutic cranial or cervical radia-
tion, and (3) no history of parafunction or presence of
any inflammation in the proposed implant site.

The treatment was carried out in a private practice
on 14 women and 11 men with an age range of 25 to
70 years (mean age: 52.28 years). Each patient re-
ceived a bicomponent developmental abutment and a
cemented all-ceramic crown. The 30 crowns replaced
6 incisors, 2 canines, 8 premolars, and 2 molars in the
maxilla, plus 6 incisors, 2 canines, 2 premolars, and 2
molars in the mandible. Treatment took place between
February and November 2003 with a clinical follow-up
period of 36 to 44 months and a mean observation pe-
riod of 40 months.

Purpose: This study evaluated the clinical performance of cemented customized
zirconia abutments. Additionally, the marginal fit between the selected implant
components was measured and the clinical gingival response was monitored.
Materials and Methods: Twenty-five patients were consecutively selected for a
prospective study of 30 implant-supported single-tooth restorations. Customized
titanium post and zirconia abutment complexes were prepared, and scanning electron
microscopy (SEM) analysis was used to study bicomponent marginal gaps. The
abutments were screwed onto the implants and restored with all-ceramic crowns.
Plaque and gingival indices were recorded at 6 monthly intervals over a 36- to 44-
month period. Results: SEM analysis showed mean marginal gaps of 10.161 µm (SD:
0.7) horizontally and 4.783 µm (SD: 0.67) vertically. Abutment fractures and screw
loosening were neither reported nor observed throughout the clinical observation
period. Mean Plaque Index scores were 0.57 (SD: 0.32) on abutments and 0.74 (SD:
0.34) on teeth, while mean Gingival Index scores were 0.54 (SD: 0.2) on abutments
and 0.72 (SD: 0.3) on teeth. Conclusions: These preliminary results suggest that
metallic-zirconia abutments may be comparable to currently available esthetic implant
abutments. Int J Prosthodont 2007;20:489–493. 
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Following traditional clinical and radiographic ex-
amination protocols, TSA implants (Impladent) were
placed according to the standard surgical submerged
protocol and using a surgical splint as an implant po-
sitioning guide. Each implant was restored with a pro-
visional crown following the second-stage implant-
exposure surgery. The crowns were worn for 2 to 3
months to facilitate both the soft tissue response and
preliminary esthetic judgment. A modified pick-up im-
pression coping technique was used,2 and an interoc-
clusal record was registered prior to laboratory fabri-
cation of the abutment and crown.

Thirty titanium connections (ProUnic abutment,
Impladent) and zirconia abutment complexes were con-
structed and divided into 2 groups (n = 15). In group 1,
abutments with diameters smaller than the implant
platform were used. This permitted the lower margin of
the zirconia abutment to be positioned directly on the
implant margin (Fig 1). In group 2, the metallic struc-
ture occupied the entire thickness of the implant neck,
with a more coronal position for the marginal closure
(Fig 2). Group 1 abutments were placed in clinical sit-
uations with shallow peri-implant platform sulci. Group
2 abutments were used whenever the implant shoulder
was surrounded by a deep mucosal sulcies.

Laboratory Procedures

To construct the abutment, a high fluidity photopoly-
merizable compound (Visioform, 3M ESPE) was used.
It was photopolymerized and reduced onto the titanium
post in thin layers to achieve its full setting. The finished
abutment (Fig 3) was polished to attain the final shape
and dimensions. An optical microscope was used to
optimize the finishing margins. The quality of the sur-
faces was then inspected and any necessary correc-
tions were made by adding material to the abutment.

After photopolymerization and finishing of the trans-
mucosal area, the plastic abutment was separated
from the component in titanium (Fig 4). A computer-
aided design (CAD) system (Zirkozahn) was used to
transform the compound into zirconia (Fig 5). “Green”-
type zirconia was used to create the abutment be-
cause it can be used in its softest form; subsequently,
it was subjected to a sintering process to obtain the
final framework. During this phase, it was possible to
achieve the desired chromatic result by adding dyes to
the sintering bath. 

After the zirconia cast was fabricated and before
moving on to the cementing phase, the abutment was
inspected under a microscope to assess the precision
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Fig 1 (left) Zirconia closure margin on
the metallic abutment (group 1).

Fig 2 (center) Zirconia closure margin
on the metallic abutment (group 2).

Fig 3 (right) Finished plastic abutment.

Fig 4 Plastic abutment
separated from the compo-
nent in titanium.

Fig 5 Zirconia abutment made using a
computer-aided design system.

Fig 6 Mechanical restraints on the base
of the abutment.
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of the coupling and confirm the absence of any struc-
tural defects. Mechanical restraints were fabricated
on the base of the titanium abutment to improve the
seal of the cement (Fig 6) and then subjected to a sand-
blasting cycle with alumina dioxide with a granulom-
etry of 150 µ at a pressure of 2 atm. Finally, the com-
ponents were cleaned with dry air and methylated
spirits in an ultrasonic bath. The access canal of the
screw was protected with a layer of wax.

The 2 components were joined with anaerobic ce-
ment consisting of a base paste and a catalyst at a ratio
of 1:1 (Nimetic-Cem, 3M ESPE). After setting, any ex-
cess material was removed using a cotton pellet.

Scanning Electron Microscopy

Four randomly selected areas on abutments of both
groups were studied using scanning electron mi-
croscopy (SEM) (Vega Tescan, Tesca USA) before clin-
ical use. They were analyzed to determine the occur-
rence and dimensions of vertical and horizontal gaps
between the zirconia abutment and implant shoulder
(group 1) or metallic core (group 2).

Restorative Procedures

Following the laboratory phases, the components were
mechanically screwed at a torque level of 32 Ncm (Fig
7). To ensure controlled cementation of the crown, the
abutment screw access channel was filled with a layer
of gutta-percha and resin composite. The final restora-
tion (Fig 8) was cemented with resin cement (Panavia
TC, Kuraray) and a standardized digital radiograph
was taken to evaluate marginal adaptation.

Follow-up visits were scheduled every 6 months.
Radiographic and clinical evaluations, including mod-
ified Plaque Index (mPI) and modified Gingival Index

(mGI) at implants and neighboring teeth, were carried
out.3 Furthermore, every restoration was examined for
technical failures, such as implant or crown fracture
and component loosening. 

Statistical Analysis

Descriptive statistics (mean values and SDs) were used
to evaluate the data. Statistical analysis of changes in
mPI or mGI over time was performed using the sign test.
Using a multivariate statistical technique, a principal
component analysis was carried out to evaluate the
correlation between the horizontal and vertical micro-
gaps of the abutments and the periodontal indices.

Results

SEM analysis revealed an excellent fit between the ti-
tanium support and zirconia abutment. In all samples,
extremely low marginal gap values were observed be-
tween the zirconia abutment and implant margin
(group 1) or titanium connection platform (group 2).
Horizontal measurements showed values from 8.963 to
11.65 µm (average: 10.161 µm; SD: 0.700), while the
vertical gap of both groups showed values from 3.570
to 7.001 µm (average: 4.783 µm; SD: 0.675) (Fig 9).

No abutment fracture or screw loosening was re-
ported during clinical loading, resulting in a cumula-
tive survival rate of 100%. On one crown, minimal mar-
ginal porcelain chipping was observed at the 1-year
follow up. In this case, polishing of the fractured area
was an adequate solution.

The mean mPI was 0.57 (SD: 0.32) on abutments and
0.74 (SD: 0.34) on teeth. The mean mGI was 0.54 (SD:
0.2) on abutments and 0.72 (SD: 0.3) on teeth. There
were no statistically significant differences (P > .05) re-
garding periodontal indices when implant sites and
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Fig 7 Metallic zirconia abutment (group 2). Fig 8 Implant-supported esthetic restoration (group 2).
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neighboring teeth were compared at baseline and at
the final follow-up. The principal component analysis
showed a statistically significant correlation between
abutment microgaps and periodontal indices.

Discussion

Die-cast integral ceramics offer solutions to the es-
thetic problems associated with the use of metallic
abutments and compensate for the fact that ceramic
materials are not fully suitable to bear occlusal loads
in the posterior areas. 

The introduction of CAD/computer-assisted manu-
facture (CAM) systems, in addition to the use of ma-
terials like zirconia and alumina oxide, has helped im-
prove the mechanical properties of the prostheses
without altering their esthetic characteristics.4

In this prospective study, the marginal fit and pre-
liminary clinical behavior of a new abutment with in-
ternal connections were studied. This component con-
sists of a metallic post and zirconia abutment joint
with an anaerobic cementing system. Use of a metal-
lic core for an esthetic abutment permits an internal
connection system with acceptable precision. Current
literature suggests that it is possible to create com-
pletely “metal free” abutments for the external hexa-
gon connecting implant system.5,6

In vitro experimentation was based on SEM analy-
sis and mechanical resistance tests. In the SEM analy-
sis, the measurements of the vertical and horizontal
marginal gaps between the zirconia abutment and the
metallic support revealed very low values: 10.161 µm
(SD: 0.7) horizontally and 4,783 µm (SD: 0.67) vertically.

This suggests a low risk for bacterial infiltration and
presumably good biocompatibility. In this regard,
Volker et al7 attributed an average value of 5 µm to the
horizontal marginal fit among implant components.
Despite being a “customized” prosthesis, built ac-
cording to normal laboratory procedures, the marginal
gap of the cast studied is in accordance with the av-
erage values of prefabricated connection systems. 

From a clinical point of view, Glauser et al6 showed
good behavior of all-zirconia abutments with external
connections used for restoration of esthetically de-
manding regions. They reported no abutment fractures
with a low incidence of adverse clinical events such as
screw loosening. Andersson et al8 showed slightly worse
results. Their results could be explained by Vigolo,5 who
demonstrated that CAD/CAM technology allows the
creation of a zirconia abutment with about 3 degrees of
rotation on the external connection. In response, Gehrke
et al9 showed a direct correlation between hexagon
misfit and screw loosening or ceramic fracture.

In the present study, no fractures or screw loosening
were recorded, with a survival rate of 100%, even though
a high percentage of posterior teeth were restored.
Hence, it may be speculated that by using bicomponent
abutments with internal connection, adverse technical
events are reduced in the posterior regions.
Nevertheless, further long-term studies with a larger
sample size are needed to support this speculation.

The mPI and mGI indicated healthy soft tissue con-
ditions at neighboring teeth and zirconia abutments.
Esthetic components performed slightly better than
natural teeth, with no statistically significant differ-
ences at any follow-up period. This favorable soft tis-
sue reaction to ceramic abutments is in line with sim-
ilar studies on implant-supported restorations and
could be correlated to the optimal biocompatibility of
zirconia and the acceptable marginal gap of this ex-
perimental device.10–13

Overall, the clinical and technical results from the
present study suggest that the use of zirconia for this
kind of abutment fabrication offers several advan-
tages. The material is characterized by superior phys-
ical properties and allows radiographic visualiza-
tion.14,15 Further, as opposed to prefabricated esthetic
abutments, it is possible to color the custom-made bi-
component abutment before zirconia stabilization, thus
enhancing the esthetic results. Finally, it is possible to
modify and individualize the emergence profile.

Conclusions

The aim of this study was to investigate whether a new
esthetic abutment can be used in both anterior and
posterior sites. Within the limitations of this study (small
sample size), it was demonstrated that the gap present
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Fig 9 SEM analysis: vertical gap between the implant neck
and zirconia abutment.

Implant neck

Zirconia abutment

3.8783 µm
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in the zirconia core-metallic abutment system is com-
parably compliant with the main gap values of the
abutment-implant systems available on the market,
despite being a laboratory product. Further clinical and
comparative studies between the mechanical capabil-
ities of this system and those of commercially available
esthetic abutments are encouraged.

Acknowledgments

The author is particularly grateful to Dr Marco Cesarotto for the SEM
analysis, Fabio Marinotti for the technical help, Drs Rita De Carli and
Cristiana Di Torrice for the statistical analysis, and Audrenn Gautier
for the editorial guidance.

References

1. Sadoun M, Perelmuter S. Alumina-zirconia machinable abut-
ments for implant-supported single-tooth anterior crowns. Pract
Periodontics Aesthet Dent 1997;9:1047–1053.

2. Gelbard S, Aoskar Y, Zalkind M. Effect of impression materials and
techniques on marginal fit of metal casting. J Prosthet Dent
1994;71:1–6.

3. Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-im-
plant conditions. Int J Oral Maxillofac Implants. 2004;19
Suppl:116–127.

4. Bindl A, Mormann WH. Marginal and internal fit of all-ceramic
CAD/CAM crown-copings on chamfer preparation. J Oral Rehabil
2005;32:441–447.

5. Vigolo P, Fonzi F, Majzoub Z, Cordioli G. An in vitro evaluation of
ZiReal abutments with hexagonal connection: In original state and
following abutment preparation. Int J Oral Maxillofac Implants
2005;20:108–114. 

6. Glauser R, Sailer I, Wohlwend A, Studer S, Schibli M, Scharer P.
Experimental zirconia abutments for implant-supported single-
tooth restoration in esthetically demanding regions: 4-year result
of a prospective clinical study. Int J Prosthodont 2004;17:285–290.

7. Volker KJ, Conrads G, Richter EJ. Microbial leakage and marginal
fit of the implant-abutment interface. Int J Oral Maxillofac Implants
1997;12:527–540.

8. Andersson B, Odman P, Lindvall AM, Brånemark PI. Cemented sin-
gle crowns on osseointegrated implants after 5 years: Results from
a prospective study on CeraOne. Int J Prosthodont
1998;11:212–218.

9. Gehrke P, Dhom G, Brunner J, Wolf D, Degidi M, Piattelli A.
Zirconium implant abutments: Fracture strength and influence of
cyclic loading on retaining-screw loosening. Quintessence Int
2006;37:19–26.

10. Abrahamsson I, Berglundh T, Glantz PO, Lindhe J. The mucosal
attachment at different abutments. An experimental study in dogs.
J Clin Periodontol 1998;25:721–727.

11. Scarano A, Piattelli M, Caputi S, Favero GA, Piattelli A. Bacterial
adhesion on commercially pure titanium and zirconium oxide
disks: An in vivo human study. J Periodontol 2004;75:292–296. 

12. Henry PJ, Laney WR, Jemt T, et al. Osseointegrated implants for
single-tooth replacement: A prospective 5-year multicenter study.
Int J Oral Maxillofac Implants 1996;11:450–455.

13. Degidi M, Artese L, Scarano A, Perrotti V, Gehrke P, Piattelli A.
Inflammatory infiltrate, microvessel density, nitric oxide synthase
expression, vascular endothelial growth factor expression, and
proliferative activity in peri-implant soft tissues around titanium
and zirconium oxide healing caps. J Periodontol 2006;77:73–80. 

14. Cho HW, Dong JK, Jin TH, Oh SC, Lee JW. A study on the fracture
strength of implant-supported restoration using milled ceramic
abutments and all-ceramic crowns. Int J Prosthodont
2002;15:9–13.

15. Yildirim M, Fischer H, Marx R, Edelhoff D. In vivo fracture resis-
tance of implant-supported all-ceramic restoration. J Prosthet
Dent 2003;90:325–331.

Canullo

Volume 20, Number 5, 2007 493

Canullo.qxd  8/29/07  12:13 PM  Page 493




	Text7: COPYRIGHT © 2007 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER


