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Abstract

Objectives: The aim of this prospective cohort study was to compute the long-term clinical survival

and complication rates of alumina-toughened zirconia abutments used for implant-supported

restorations and to evaluate the effects of several clinical variables on these rates.

Material and methods: From May 1998 to September 2010, 213 patients aged 18 years or older

were recruited. The patients received 611 external hex implants and 328 implant-supported fixed

restorations using alumina-toughened zirconia abutments. During the follow-up, each restoration

was coded as a dental event, which included loosening or fracture of abutment screws, and

abutment fracture. From the coded data, the effects of the investigated clinical variables—restored

area (anterior/posterior), number of prosthodontic units (one/two units or over), prosthesis type

(single-unit/multiunit without pontic/multiunit with pontic), implant system, and patient gender—

on the survival of the abutments were evaluated. Survival analysis using Kaplan–Meier method and

Cox proportional hazard model was applied. The 5-year survival and complication rates of the

abutments were assessed.

Results: The number of prosthodontic units and the type of prosthesis had a significant association

with complication rates (P < 0.05). Kaplan–Meier survival analysis estimated that the cumulative

5-year complication rate of the abutments used in single restorations was 19.7%. Multiunit-fixed

dental prostheses without and with pontics had complication rates of 3.9% and 3.8%, respectively.

The 5-year survival rate of the abutments was more than 95%, regardless of the type of prosthesis.

Conclusions: Alumina-toughened zirconia abutments are likely to exhibit excellent long-term

survival in clinical use for fixed restorations. Single tooth replacement with the abutment at the

molar region may require special care and extra attention.

Titanium has been established as the material

of choice for implant reconstruction due to its

well-documented biocompatibility and

mechanical properties (Adell et al. 1981).

Clinical studies have documented superior

survival rates for fixed implant restorations

supported by titanium abutments (Andersson

1995). However, in a recent systematic review,

certain complications were associated with

metal abutments supporting fixed implant res-

torations (Pjetursson et al. 2007). One of the

major issues noted was aesthetic concern. A

previous meta-analysis showed more frequent

aesthetic complications at metal abutments

than those at ceramic abutments (Sailer et al.

2009). The unnatural bluish appearance

causing aesthetic problems stems from the

thin soft tissue of the peri-implant, which is

incapable of screening the reflective light from

the metallic abutment surface (Yildirim et al.

2000). As an alternative to titanium, the alu-

minium oxide abutment was next introduced

in 1994. However, the inferior mechanical

properties (i.e., low ability to withstand frac-

tures) of alumina were not sufficient to be

used alone as an implant abutment. Therefore,

high strength, durable ceramic zirconia was

developed and used as an implant abutment

later in the 1990s (Belser et al. 2004; Guazzato

et al. 2004).

Ceramic abutments including zirconia are

well known to be superior to metal
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abutments in terms of their aesthetics, which

prevent the gingival discoloration that is

common with metal abutments (Jung et al.

2007). In addition, the results of a recently

published study showed that significantly

fewer bacterial colonies were found on zirco-

nia surfaces compared with titanium surfaces

(Rimondini et al. 2002; Scarano et al. 2004).

Moreover, the favourable soft and hard tissue

reaction to zirconia was comparable to the

reaction to titanium (Kohal et al. 2004). Clin-

ically, a previous 4-year prospective study

indicated that the success rate of zirconia

abutments in the anterior dental region was

100% (Glauser et al. 2004). However, clinical

studies on zirconia abutments, especially in

posterior restorations and implant-supported

fixed partial dentures, are still scarce (Bae

et al. 2008).

The aim of this study was to compute the

long-term clinical survival and complication

rates of alumina-toughened zirconia abut-

ments used for implant-supported restora-

tions and to evaluate the effects of several

clinical variables on these rates. In addition,

whether the survival/complication rate

would be affected by the type of prosthesis or

by the location of its placement in the mouth

were also discussed.

Material and methods

Subjects

This study was performed at the Department

of Prosthodontics at Seoul National Univer-

sity Dental Hospital in Seoul, South Korea,

from May 1998 through to September 2010.

Eligible participants were adults aged 18 years

or older with successfully osseointegrated

implant fixtures. Exclusion criteria were preg-

nancy and radiation therapy involving the

head and neck area. A total of 213 fixed pros-

thodontic patients were recruited. The mean

age of the patients was 57 years (range: 20–

86 years). All patients were treated with

implant-supported single-unit fixed dental

prostheses (FDPs), multiunit FDPs without

pontics, or multiunit FDPs with pontics at

Seoul National University Dental Hospital.

The institutional review board for the protec-

tion of human subjects reviewed and approved

the research protocol (IRB054/06-10).

The number of restorations examined in

this study was 328. The following clinical

variables were investigated: restored area

(anterior and posterior restorations), number

of prosthodontic units (one unit and two units

or over), type of prosthesis (single-unit FDPs,

multiunit FDPs without pontics, and multi-

unit FDPs with pontics), external hexagon

implant systems, and patient gender (Table 1).

Alumina-toughened zirconia abutments

The all ceramic alumina-toughened zirconia

abutments (ZirAce®, Acucera, Pocheon,

Korea) used for this prospective clinical study

were composed of alumina reinforced yttria

and niobia co-doped tetragonal zirconia poly-

crystalline (Al2O3/Y(Nb)-TZP). This compos-

ite is known to be free of low temperature

degradation during the ageing process and has

700 MPa biaxial flexural strength and

8.1 MPa·m1/2 fracture toughness (Kim et al.

2000). Such properties facilitate procedures in

the mouth and the laboratory using high

speed diamond burs or low speed diamond

wheels for adjusting into the final shape. In

addition to this, abutments are light yellow in

colour, similar to the natural teeth, adding to

their desirability in aesthetics. The coefficient

of thermal expansion of alumina-toughened

zirconia is approximately 9.92 9 10�6/oC and

veneer porcelain for zirconia can be applied

on the abutment directly (Lee et al. 2002).

Clinical procedures

After a certain period of healing time for

external hexagon type implant fixtures, an

impression was taken at the implant fixture

level and master casts were fabricated. The

appropriate dimensions of the prefabricated

alumina-toughened zirconia abutments were

selected according to the fixture diameter,

soft tissue height, position and shape of adja-

cent teeth, and inter arch distance. Adjust-

ment of the prefabricated abutment into the

final contour with high speed diamond burs

under copious water spray was performed.

Next, the superstructure was fabricated with

gold alloys or zirconia depending on the clini-

cal situation for cementation type of prosthe-

sis. The modified alumina-toughened

zirconia abutments were screw-tightened to

the implant fixtures with a torque of 30–

35 Ncm. The definitive prostheses were per-

manently cemented onto the abutments with

resin-modified glass ionomer cement (Fuji-

cem, GC, Tokyo, Japan). In some cases

involving single tooth prostheses that were

retained by screws, the alumina-toughened

zirconia abutment was directly overlaid with

veneer porcelain for zirconia and was screw-

tightened with a torque force of 35 Ncm onto

the fixtures.

Survival and complication rates

This prospective cohort study investigated

the applicability of alumina-toughened zirco-

nia abutments for implant-supported restora-

tions using survival analysis, some

advantages of which were mentioned in a

previous study (Lee et al. 2010). Survival

time was coded by the month after place-

ment of the prosthesis. Implant abutment

failure was coded as event data. Screw loos-

ening, screw fracture, and abutment fracture

were designated as complications in this

study. Survival was classified as an abutment

that functioned in the mouth regardless of

the complications. Only a fractured abut-

ment was excluded from survival data.

Removal of the alumina-toughened zirconia

abutment because of its fracture was desig-

nated as a failure. For subjects whose follow-

up times ended without a failure event, the

end status was recorded as “censored”

because the actual duration of time to the

failure event was unknown. Intact alumina-

toughened zirconia abutments that were

functioning properly during this investigation

period were, therefore, coded as censored.

Statistical analysis

Odds ratio statistics were evaluated for all

clinical variables. Kaplan–Meier survival

curves were plotted, and the log rank test was

used to identify the variables associated with

the alumina-toughened zirconia abutment

failure. Prognostic variables were identified

with the Cox proportional hazard model using

stepwise variable selection method.

Table 1. The clinical variables investigated in
this study

Variables
Number of
restorations

Restored area
Anterior 60
Posterior 268

Number of prosthetic units
One unit 133
Two units or over 195

Type of prosthesis
Single-unit FDPs 133
Multiunit FDPs
without pontics

165

Multiunit FDPs
with pontics

30

Implant system
Osseotite* 15
USII† 42
TiUnite Mk III‡ 179
Hexplant§ 39
Restore‖ 53

Gender
Female 165
Male 163

*Biomet Korea Co., Ltd., Seoul, Korea
†Osstem, Seoul, Korea
‡Nobel Biocare AB, Göteborg, Sweden
§Warantec, Seoul, Korea
Lifecore Biomedical, LLC., Chaska, USA

518 | Clin. Oral. Impl. Res. 24, 2013 / 517–522 © 2012 John Wiley & Sons A/S

Kim et al �Alumina-toughened zirconia abutments for implant restoration



Results

The average follow-up period was 3.6 years

and the range was from 1 month to

12.8 years (Fig. 1). The age distributions for

male (mean: 58 years) and female (mean:

55 years) patients did not significantly differ.

Table 2 shows the coded events that occurred

in this study. There were twenty restorations

lost to follow-up, two restorations of which

were not recalled because of patient’s death.

Follow-up of three FDPs were interrupted by

traumatic injury, fracture of the implant fix-

ture, and fixture disintegration. There were

31 fixed prostheses encountering the coded

events that were designated as complications.

Twenty-three restorations experienced abut-

ment screw loosening, and two restorations

underwent abutment screw fracture. The

abutments of six restorations were fractured

and classified as failures. Therefore, the num-

ber of survival restorations was 322 (Table 2).

The investigated clinical variables (restored

area, number of prosthodontic units, type of

prosthesis, implant system, and gender) had

no significant effect (P > 0.05) on survival of

the alumina-toughened zirconia abutments.

Furthermore, statistical comparison among

the survival curves demonstrated no signifi-

cant difference (P > 0.05) for the cumulative

5-year survival rates of zirconia abutments in

single-unit FDPs, multiunit FDPs without

pontics, and multiunit FDPs with pontics.

The survival rates were found to be 98.3%,

99.2%, and 96.1%, respectively, for single-

unit FDPs, multiunit FDPs without pontics,

and multiunit FDPs with pontics.

Table 3 shows the results of Fisher’s Exact

tests for the effects of the clinical variables

on the complications of the alumina-tough-

ened zirconia abutments. The number of

prosthodontic units and type of prosthesis

had a significant association with complica-

tion rate. This study found four restorations

in failure, and 22 restorations that experi-

enced abutment screw loosening or fracture

in single-unit FDPs. Only three multiunit

FDPs without pontics had the complications

of the screw loosening or fracture. Each group

other than single-unit FDPs had one restora-

tion that was designated as a failure. The

complication rate of an alumina-toughened

zirconia abutment was the highest in single

restoration. The log rank test also indicated

that the single restoration significantly

increased the complication rate of the abut-

ments (P < 0.001). Kaplan–Meier survival

curves showed that the cumulative 5-year

survival rate without any designated compli-

cations of alumina-toughened zirconia abut-

ments in single restoration was 80.3%, that

is, the evaluated complication rate was

19.7%, while those for multiunit FDPs with-

out and with pontics were 96.1% and 96.2%,

respectively (Fig. 2). The Cox proportional

hazard model showed that the number of

prosthodontic units and the type of prosthe-

sis were decisive factors for the complica-

tions of the alumina-toughened zirconia

abutments.

Conditional inference trees with the sur-

vival function, estimated by Kaplan–Meier

curves, are shown for every subgroup of

patients identified (Fig. 3). The applied tree-

structured model is helpful for relating the

risk of abutment failure to certain subgroups

of patients. The type of prosthesis (single-

unit FDPs, multiunit FDPs without pontics,

multiunit FDPs with pontics) and the region

of the dental restoration were the most

important variables for abutment survival.

Subjects treated with a single crown in the

posterior region appeared to have the worst

prognosis (Fig. 3).

Discussion

A total of 611 abutments were utilized for

implant restorations, and a total of 328 resto-

rations in 213 patients, consisting of 133

implant-supported single-unit FDPs, 165

multiunit FDPs without pontics, and 30 mul-

tiunit FDPs with pontics, were investigated.

None of the investigated clinical variables

had significant influence on survival of the

alumina-toughened zirconia abutments.

However, complication rates of screw loosen-

ing, screw fracture, and abutment fracture

were shown to be significantly associated

with the number of prosthodontic units and

type of prosthesis.

The present study demonstrated successful

use of alumina-toughened zirconia implant

abutments for single and multiple restora-

tions with high survival rates (more than

95%) during the follow-up period. The prom-

ising clinical use of zirconia implant abut-

ments for the support of single crowns was

shown in a previous study, where two-thirds

of the restorations replaced incisors and

canines, and the remaining one-third of the

restorations replaced premolars. However,

there were no molar restorations in this

study (Glauser et al. 2004). The present

study, in contrast, evaluated the outcome of

alumina-toughened zirconia abutments when

they were used in the posterior (molar) area

as well as the anterior area. The results indi-

cated that the abutments can be successfully

employed in both regions. These clinically

important results are supported by additional

studies that evaluated zirconia frameworks

in high-loaded areas and also showed promis-

ing outcomes (Raigrodski et al. 2006; Sailer

et al. 2007; Molin & Karlsson 2008). Simi-

larly, a meta-analysis found that the cumula-

tive 5-year survival rate was 99.1% for single

ceramic abutments, and that the cumulative

5-year rate with no complications was about

93% for both anterior and posterior restora-

tions (Jung et al. 2008).

The present study showed the low compli-

cation rates of alumina-toughened zirconia

abutments in multiunit FDPs with only a

few incidences of screw loosening, screw

fracture, and abutment fracture. The results

were similar to those of previous studies that

evaluated metal abutments (Jemt & Lekholm

1993; Johansson & Ekfeldt 2003). Multiple

connected restorations appeared to be pro-

tected from complications by “tripodization”,

even in the high functional loading areas

(e.g., molar regions) (Jemt et al. 1992; Jemt &

Lekholm 1993). Evaluation of the complica-

tion rate in the current study, however, dem-

120

100

80

60

N
u

m
b

er
 o

f 
re

st
o

ra
ti

o
n

s

40

20

0
2 4 6

Follow-up period (years)
8

Fig. 1. The histogram shows distribution of the investi-

gated restorations according to follow-up period. The

number of restorations that were followed up for more

than 8 years was displayed as one rod on the right.

Table 2. Demographic data and sample charac-
teristics in this study

Coded events
Number of
restorations

Censored 297
No event 274
Lost to follow-up 18
Patient’s death 2
Traumatic injury 1
Implant fixture fracture 1
Implant fixture disintegration 1

Complication 31
Abutment screw loosening 23
Abutment screw fracture 2
Fracture of the abutment
(failure)

6

Total 328
Survival* 322

*Survival = Total – Fracture of the abutment

© 2012 John Wiley & Sons A/S 519 | Clin. Oral. Impl. Res. 24, 2013 / 517–522
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onstrated that care must be taken in the use

of an alumina-toughened zirconia abutment

for a single molar restoration. Screw loosen-

ing appeared to be the major complication for

an implant-supported single crown. Screw

loosening was found in 7.0% of the restora-

tions (23 restorations) during the follow-up

period, while abutment fracture was found in

only 1.8% of the restorations (six restora-

tions). Several studies documented clinical

possibilities for incidences of screw loosening

and found that loosening generally occurs

when the functional loading of the restora-

tion causes a slight rotational freedom

between the implant head and the abutment

(Jemt & Lekholm 1993; Jemt & Pettersson

1993; Johansson & Ekfeldt 2003). The results

of the current study indicated that screw

loosening occurred primarily in the posterior

region, reflecting the high functional loading

in this region. Moreover, a previous study

reported that abutment screw loosening was

the most frequent technical complication

with single crown restorations, occurring at

an estimated cumulative incidence of 5.1%

(95% confidence interval: 3.3–7.7%) after

5 years (Jung et al. 2008). This finding is in

line with the results of the present investiga-

tion. In contrast, neither abutment screw

loosening nor abutment screw fracture

occurred during 1–3-year follow-up periods in

two additional recent studies (Zembic et al.

2009; Nothdurft & Pospiech 2010). Further-

more investigation is required to compare the

interface and screw mechanics of zirconia

abutments with titanium implants, although

the high strength and durability of zirconia

and alumina-toughened zirconia compensate

at least in part for their brittleness.

Another critical factor for successful

implant restoration is the quality of the

attachment that forms between the mucosa

and the abutment surface (Abrahamsson

et al. 1998). No remarkable inflammatory or

otherwise disadvantageous tissue responses

were observed around the alumina-toughened

zirconia abutments, although no systematic

quantitative evaluation was performed in this

study. The previous 1-year clinical report on

the biological stability of alumina-toughened

zirconia abutments also demonstrated that

the hard and soft tissue responses around the

abutments were stable (Bae et al. 2008). Such

a positive influence on the peri-implant soft

tissue supports the clinical application of alu-

mina-toughened zirconia abutments for both

anterior and posterior implant-supported res-

torations.

All the investigated implant systems in

the current study had external hexagon con-

nections. Two-stage, external hexagon sys-

tems were previously reported to cause

complications concerning the implant–abut-

ment connection complex (Goodacre et al.

1999). In particular, a higher incidence of

screw loosening and screw fracture was

described to be associated with this type of

implant–abutment connection (Walton &

MacEntee 1997). Single tooth applications

with the external hexagon screw connection

are exposed to more rigorous loading, provid-

ing an explanation for the frequent screw

loosening observed for single implant-sup-

ported restorations (Rangert et al. 1997).

However, no complications were reported for

single zirconia abutments in the canine and

posterior regions during the follow-up period

of 3 years for two-stage, external hexagon

systems in another study (Zembic et al.

2009). Furthermore studies will be required

to clarify the survival rates and complica-

tions associated with implant–abutment con-

nection systems, including internally

connected complexes.

There were some limitations in this inves-

tigation. First, neither survival nor complica-

tion rate was analysed according to the

materials of superstructure, which were gold

Table 3. Complication rate, exact test significance, and odds ratio statistics for zirconia implant abutments by clinical variables

Variable Censored N (%)

Abutment screw
loosening and
fractureN (%) Failure N (%) Total Exact test significance Odds ratio (95% CI)

Restored area
Anterior 58 1 1 60 0.088 1
Posterior 239 24 5 268 3.51 (0.85, 31.21)

Number of prosthetic units
One unit 107 22 4 133 < 0.001‡ 1
Over two units 190 3 2 195 0.11 (0.03, 0.30)

Type of prosthesis*

Single 107 22 4 133 < 0.001‡ 7.00 (1.05, 298.34)
FDPs without pontics 161 3 1 165 0.72 (0.07, 36.69)
FDPs with pontics 29 0 1 30 1

Implant system†

USII 40 2 0 42 0.418 0.33 (0.02, 5.01)
TiUnite Mk III 164 12 3 179 0.60 (0.12, 5.94)
Hexplant 33 3 3 39 1.18 (0.18, 13.41)
Restore 47 6 0 53 0.83 (0.13, 9.38)
Osseotite 13 2 0 15 1

Gender
Female 145 16 4 165 0.130 1
Male 152 9 2 163 0.53 (0.22, 1.2)

*The odds ratios were calculated between “FDPs with pontics” and one of the other two variables.
†The odds ratios were calculated between Osseotite and one of the other four variables.
‡Two-sided exact test significance at P < 0.05.

Fig. 2. Survival curves without any designated compli-

cations were tested for statistical difference (P < 0.001).

Survival with no designated complications is expressed

as subtracting the cumulative complication rate from 1

(y-axis). The green vertical line represents 5 years.
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alloy and zirconia in this study. Such a non-

standardized condition can make the inter-

pretation of the study outcomes different.

Second, controlled trials are required to give

more clear evidence of the alumina-tough-

ened zirconia abutment than what this pro-

spective cohort study gave.

In conclusion, prefabricated alumina-tough-

ened zirconia abutments exhibit an excellent

clinical profile for the long-term survival of

fixed restorations. These abutments appear to

offer sufficient stability to support implant

restorations at both anterior and posterior

areas. However, considering the complica-

tions, including screw loosening and screw

fracture as well as the abutment fracture, sin-

gle tooth replacement with a zirconia abut-

ment at the molar region may require special

care and attention.
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