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Abstract

Objectives Zirconia-based restorations have been increasing-
ly used on implant and teeth abutments, but the evidence
about clinical outcomes of these restorations is limited. The
aim of this study was to assess up to 7-year clinical outcomes
of implant- and tooth-supported zirconia-based single crowns.
Materials and methods In this retrospective study, 261 pa-
tients with 556 single crowns supported by either teeth (324)
or implants (232) were examined during 3- to 7-year follow-
up (mean observation of 60.70 months for tooth and
59.20 months for implant-supported crowns). California Den-
tal Association (CDA) quality evaluation system was used to
evaluate the restorations. Soft tissue status was assessed using
plaque and gingival index scores, bleeding on probing, and
pocket depth. Patient and professional satisfaction were eval-
uated by visual analog scale (VAS).

Results The 5-year Kaplan—Meier survival probability was
98.3 and 97.3 for implant- and tooth-supported crowns, re-
spectively. In regard to CDA rating, most of the crowns were
ranked as either excellent or acceptable (99.5 %). The record-
ed failures were replacement of the crown due to porcelain
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chipping (3), implant failure (1), and teeth extraction (5). Soft
tissue parameters were not affected by the restorations com-
pare to control teeth. The VAS was high for both patients and
clinicians.

Conclusions Zirconia-based single crowns on both tooth and
implant abutments showed promising clinical performance in
this up to 7-year follow-up.

Clinical relevance The zirconia-based single crowns can be
used clinically for tooth- and implant-supported restorations.

Keywords Computer-aided design - Crowns - Dental
restoration failures - Survival analysis - Treatment outcome -
Zirconium oxide

Introduction

During the last decades, metal—ceramic crowns have been the
restoration of choice because of their relative esthetic quality
and high success rate. Due to long-term experience, the metal—
ceramic restorations showed good clinical results [1, 2]. How-
ever, the presence of the metal framework and lack of light
transmission is a limiting factor for the esthetic quality of these
restorations. Increasing demands for more esthetic materials
and metal-free restorations have led to improvement of new
dental ceramics [3, 4].

To increase the mechanical strength of all-ceramic restora-
tions, different core materials were used. Recently, yttria-
stabilized zirconia polycrystals (Y-TZP) has been made avail-
able to dentistry through the CAD/CAM technology [5]. Zir-
conia is an acceptable material because of favorable mechan-
ical properties, good esthetics, and biocompatibility [6, 7].
Zirconia has been used in clinical dentistry for at least 15 years;
however, the reports regarding the clinical performance and
survival rates of zirconia-based single crown restorations,
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especially for implant-supported restorations are limited
[8—13]. The survival rates of zirconia-based restorations were
70 to 100 % after 2- to S-year follow-up [14—16]. No failure of
the zirconia- based single crowns were reported after 3 years
by Beuer et al. [10] and Tartaglia et al. [11]. Ortorp et al. [8]
reported 88.8 % cumulative survival rates for zirconia single
crowns (Procera, Nobel Biocare AB) in a 5-year retrospective
study. The clinical studies on zirconia-based single crowns are
limited and most of the studies were performed on fixed dental
prostheses (FDPs) [17, 18]. Larsson and Wennerberg [19]
calculated the 5-year cumulative survival rate of 95.9 % for
tooth-supported and 97.1 % for implant-supported zirconia
crowns in a systematic review. They reported that complica-
tion rate of tooth- and implant-supported zirconia-based single
crowns were 5.6 and 7.5 %, respectively [19]. Takeichi et al.
[20] compared the clinical outcomes of metal-ceramic and
zirconia single crowns in another systematic review. Although
they found similar 3-year cumulative survival percentage for
metal-ceramic and zirconia crowns (95.9 % for zirconia and
95.4 % for metal-ceramic crowns), they revealed that scien-
tific clinical data regarding zirconia crowns are limited and
long-term clinical studies are needed to compare metal—ce-
ramic and zirconia crowns [20].

One of the most frequent problems with zirconia recon-
structions is chipping or cracking of the veneer ceramic. The
incidence of veneer chipping was 4.5 % per 100 FDP/year
(95 %CI, 1.35-15.3 %) and 79.44 % (95 %CI, 44.28—
93.44 %) of restorations were free of chipping in a systematic
review [14]. Heintze and Rousson [21] reported that for an
observation period of 3 years, zirconia FDPs have 7 % higher
veneer chipping than metal—ceramic FDPs (90 % survival rate
regarding to chipping after 3 years).

Jung et al. [22] found 3.5 % chipping of ceramic veneers of
implant-supported single crowns in a meta-analysis which
was similar in all-ceramic and metal-ceramic restorations.
Hosseini et al. [12] and Ortorp et al. [8] reported 3 % of
ceramic chipping in implant-supported zirconia-based single
crowns. Larsson and Wennerberg [19] showed that the most
reason for failure and complication in implant-supported sin-
gle crowns was veneer material fracture while in tooth-
supported crowns, the most common reason for failure was
endodontics/periodontics problems.

Vigolo and Mutinelli [23] found no statistically signifi-
cant difference in the 5-year clinical outcomes of metal—
ceramic and zirconia crowns (95 % in metal-ceramic and
79 and 85 % in two kinds of zirconia crowns) but they
showed that technical problems, such as extended fracture
of the veneering ceramic, tended to occur more frequently
in the zirconia crowns.

It seems that framework design [24], firing and cooling
temperatures of veneering ceramics [25], and methods of ve-
neering of zirconium oxide are critical factors in achieving
better results [26].
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The aim of this retrospective study was to evaluate the 3—
7 year clinical performance of a large number of zirconia-
based crowns, placed on both natural teeth and implant abut-
ments. The null hypothesis was that there would be no signif-
icant difference in the clinical performance of tooth- and
implant-supported zirconia-based single crowns.

Materials and methods

In this study, 261 patients (146 women and 115 men) with a
mean age of 48+14.6 years (range 18—62 years) who had
received 556 single zirconia-based crowns (Cercon,
Degudent, Hanau, Germany) between October 2007 to
March 2011 were evaluated (Table 1). This research was ap-
proved by the Ethical Committee of Isfahan University of
Medical Sciences (# 391045) and individuals signed written
consent in the first follow-up visits.

The inclusion criteria consisted of having received a zirco-
nia crown supported by either implants or teeth from the same
private practice during the aforementioned time span. Patients
had good oral health and there was no sign of periodontal
disease. The abutment teeth had to be vital or state-of-the-art
endodontically treated. All the inserted crowns during this
period were included in the study. The studied restorations
consisted of 324 crowns on natural tooth abutments and 232
on implant abutments (Table 2). Clinical treatment was per-
formed by one prosthodontist with more than 20 years’ expe-
rience in all-ceramic restorations in a private dental clinic. The
laboratory procedures were also performed by one expert den-
tal technician.

Prosthodontic treatment procedures
Tooth-supported restorations

The abutment teeth were prepared with a circumferentially
rounded shoulder (1.0 mm in width), an axial reduction of
1.5 mm, an occlusal reduction of 1.5 to 2.0 mm with approx-
imately 10° to 20° taper, and the minimum retention height of
4 mm. The preparation margins were located at the gingival

Table 1  Time distribution of the single crown follow-up

Years Tooth-supported Implant-supported
7 75 38

6 54 38

5 93 68

4 96 84

3 6 4

Total 324 232
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Table 2  Distribution of the studied single crowns

Central incisor ~ Lateral incisor ~ Canine  First premolar ~ Second premolar ~ First molar ~ Second molar ~ Total
Teeth Maxillary 54 38 21 35 39 26 16 324
Mandibular 11 10 8 16 15 20 15
Implant ~ Maxillary 24 21 13 18 14 23 9 232
Mandibular 2 3 4 9 13 56 23
level or not more than 1 mm subgingivally. The shoulders  Laboratory procedures

were prepared using round-end taper fine diamond burs
(850-021; Meisinger, Neuss, Germany). The preparations
were modified in mandibular incisors with less reduction of
teeth according to Schmitt et al. [16]. The two step putty wash
(Panasil, Kettenbach, Eschenburg, Germany) and double re-
traction cord (Ultrapak, Ultradent, South Jordan, UT) tech-
niques were used for making the impression. Interocclusal
record was made with polyvinyl siloxane bite registration ma-
terial (Futar D, Kettenbach). Following tooth preparation and
making impression, interim restoration was fabricated using
direct method (Protemp 3 Garant, 3M ESPE, ST. Paul, MN)
and luted (Free eugenol, GC Co, Tokyo, Japan). The impres-
sions were sent to laboratory and poured using type IV dental
stone (Fuji Rock, GC, Tokyo, Japan).

Out of 324 teeth, 276 were root canal treated. Three of
these teeth were restored with cast gold-alloy post and core,
39 had amalgam core, and the remaining were treated with
prefabricated post (DT LIGHT-POST, Bisco Inc., Schaum-
burg, IL) and a composite resin core material (Build-It,
Pentron LLC, Wallingford, USA).

Implant-supported restorations

The implants were non-submerged (standard plus, narrow,
regular, or wide neck, Straumann Dental Implant System,
Straumann AG, Basel, Switzerland). Conventional de-
layed loading protocol was followed after implant place-
ment. One step putty wash (Panasil, Kettenbach) impres-
sion technique with open tray and screw-type impression
cap (Straumann Dental Implant System, Straumann AG)
was used for implant-supported restorations. An
interocclusal record was made with polyvinyl siloxane
bite registration material (Futar D, Kettenbach). The im-
pressions with proper implant analogs attached to impres-
sion copings were sent to dental laboratory and poured
using gingival mask (esthetic mask, Ettlingen, Germany)
and type IV stone (Fuji Rock, GC). Appropriate
cemented-type abutment (narrow-neck abutment, regular
or wide-neck SynOcta abutments, Straumann Dental Im-
plant System, Straumann AG) with 6° taper and minimum
retention height of 4 mm were selected and screwed in
implant analogs.

The zirconia copings were fabricated by means of a CAD/
CAM system (Cercon, DeguDent, Hanau, Germany). Master
casts were scanned (Cercon Eye, DeguDent), and the zirconia
copings were designed (Cercon art 3.0.1, DeguDent) with
anatomical form to create homogeneous space for the veneer-
ing ceramic and made in white or colored zirconia (Cercon
Base, DeguDent) by CAM machine (Cercon Brain,
DeguDent) with 30-pum space for luting agent. Copings were
sintered in 1350 °C for 7 h (Cercon Heat, DeguDent). The
veneering of copings was performed using corresponding ve-
neering ceramic with conventional layering technique (Cercon
Ceram Kiss, DeguDent). The core was covered by even thick-
ness of veneering ceramic, with a maximum of 2 mm of
layering porcelain. Zirconia core was designed in respect of
the layered ceramic. Minimum thickness of the zirconia core
material at the axial walls was 0.5 mm. The zirconia frame-
works were sandblasted with Al,O5 (110 um-3 bar) and then
cleaned in ultrasonic cleaner. All of the final restorations were
fabricated by the same dental technician.

Try-in and insertion of restorations

At the try-in appointment, proximal contacts and static and
dynamic occlusal contacts were checked and corrected with
fine diamond burs with water cooling. Silicon disclosing me-
dium (Fit Checker, GC Co) was used to check the fit of res-
torations. Manufacturer guidelines were followed for glazing
of final restorations. The abutment teeth were cleaned with
pumice and rubber cups before cementation and titanium
abutments were cleaned with 70 % alcohol in ultrasonic clean-
er (Sonorex, Bandelin Electronic, Berlin, Germany) for 5 min.
Intaglio surface of crowns were treated with airborne-particle
abrasion with 50-um Al,Oj3 particles at 3-bar pressure and
then cleaned in ultrasonic cleaner.

Zinc polycarboxylate (Poly F, Dentsply, Weybridge, En-
gland) (149, 46 %), resin (Panavia F 2.0 Kuraray Co, Kura-
shiki, Japan) (106, 32.7 %), or resin-modified glass ionomer
(Fuji Plus, GC Co) (69, 21.3 %) cements were used for ce-
mentation of the tooth-supported crowns. Implant-supported
crowns were provisionally cemented (Free eugenol, GC Co)
(207, 89.3 %), or zinc polycarboxylate (Poly F, Dentsply) (17,
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7.3 %) or resin (Panavia F 2.0 Kuraray Co) (8, 3.4 %) luting
agents were used for their cementation. Resin and resin-
modified glass ionomer cements were used for the short abut-
ments to reduce the risk of debonding. After 5 min, excess
cement was removed; the occlusion was refined as needed,
and any adjusted crown surfaces were polished with pumice
paste and rubber cups. For all crowns, standardized parallel
periapical radiographs (Irix 70, Trophy, Kodak Spa, Cinisello
Balsamo, Italy) were taken to verify the seating of the
restorations.

Registrations and clinical examinations

The patients were scheduled for checkup of the crowns
after 6 and 12 months from the date of insertion of the
crowns and continued annually at 24-, 36-, 48-, 60-, 72-,
and 84-month intervals. Patients were asked to contact the
clinic whenever they had problems with their crowns. The
follow-up examinations were performed by two prostho-
dontists other than the clinician who had placed restora-
tions. Inter-examiner agreement for the examined charac-
teristics was 92 %. Every finding (complication or failure)
of crowns were additionally examined by the principal
investigator.

For each patient, data were collected regarding the
patient’s gender, age at crown delivery, number of
crowns cemented, tooth or implant position, luting agent,
occluding teeth in the opposite jaw, endodontic treatment
before delivery, post and core material, and dynamic oc-
clusal contacts. The California Dental Association (CDA)
guidelines were used to evaluate the quality of zirconia-
based crowns [27]. Variables alpha and bravo were ex-
cellent and acceptable, whereas variables charlie and del-
ta were defined as not acceptable and remake of crown
was necessary. The treatment was considered a failure
when the abutment tooth was extracted or the implant
failed following a biological complication (root fracture,
endodontic and periodontal problems, and loss of

Table 3  Descriptive analysis of the failures

osseointegration) or any variables scored charlie or delta.
Any restoration or abutment problem which needed clin-
ical intervention and did not require removal of the res-
toration was defined as complication. Survival was de-
fined as the restoration being in situ with or without
complication.

The following periodontal parameters were recorded for
the studies crowns and contralateral, non-crowned teeth as
the control. In addition, parallel periapical radiographs were
taken to evaluate bone loss at the first, third, fifth, and seventh
year follow-up. The radiographs were evaluated by re-
searchers for any marked sign of bone loss.

Gingival index (GI) [28, 29]: GI 0=normal healthy gingi-
va; GI 1=slight inflammation, slight color change, edema, no
spontaneous bleeding; GI 2=moderate inflammation, moder-
ate color change, edema, bleeding on probing; GI 3=serious
inflammation, serious color change, serious edema, spontane-
ous bleeding.

Plaque index (PI) [28]: PI 0=no dental plaque, PI 1=dental
plaque to be pointed out only with dental plaque-revealing
substances, PI 2=dental plaque to be pointed out at a glance,
PI 3=plentiful dental plaque.

Probing pocket depth (PPD) [29] was analyzed by means
of 4-point periodontal probing (mesial, buccal, distal, and pal-
atal/lingual) in the depth of the pocket until a slight resistance
was met.

Bleeding on probing (BOP) was evaluated with a yes/no
score.

Tooth mobility was classified as (1) <0.2 mm in horizontal
direction, (2) 0.2—1 mm horizontally, (3) >1 mm horizontally,
and (4) mobility in vertical direction.

Smoking habits (more than 10 cigarettes per day as heavy
smoker), presence of pain and tenderness of temporomandib-
ular joints, and nocturnal bruxism of individuals were also
asked and recorded in the examination form.

The patients were interviewed regarding their satisfaction
with their crowns (regarding chewing comfort, color, es-
thetics, and general satisfaction) using a visual analog scale

No.  Restoration type Type of failure = Gender ~ Age  Replaced tooth  Event (month)  Still insitu  Details of failure

1 Tooth-supported Biologic F 58 12 29 No Root fracture

2 Tooth-supported Biologic F 58 11 34 No Root fracture

3 Tooth-supported Mechanical M 30 36 34 No Major porcelain chipping
4 Tooth-supported Biologic F 43 16 47 No Periodontal problem

5 Tooth-supported Biologic F 45 11 57 No Root fracture

6 Tooth-supported Biologic M 58 34 67 No Endodontic problem

7 Implant-supported ~ Mechanical F 17 11 24 No Major porcelain chipping
8 Implant-supported ~ Mechanical M 71 21 33 No Major porcelain chipping
9 Implant-supported ~ Biologic M 59 36 60 No Loss of osseointegration
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(VAS) of 100 mm with the endpoints extremely dissatisfied
(0) and extremely satisfied (100).

Statistical analysis

The data were evaluated using descriptive statistics. To ana-
lyze and compare the survival probabilities of the tooth- and
implant-supported single crowns, Kaplan—-Meier analysis and
the log-rank test were applied. The CDA score comparison
between tooth- and implant-support restorations was per-
formed by using the log-rank test. Because a patient could
have received more than one crown, a general estimation
equation model (GEE; binary logistic, failure yes/no, chipping
yes/no, as target variable) was produced with type of restora-
tion (implant- or tooth-supported) as covariates to support the
results of the log-rank test.

Cox regression was used to evaluate hazard ratio of the
effect of bruxism, position of the restorations, and antagonist
occlusion. Comparison between GI, PI, and PPD of studied
teeth/implants and control teeth was made using Wilcoxon
signed-rank test for paired samples and comparison between
GI, PI, and PPD of tooth- and implant-supported crowns was
made using Mann—Whitney U test. McNemar’s test was used
for comparing BOP of studied teeth/implants and control
teeth. The agreement between VAS score of clinicians’ and
patients’ satisfactions was evaluated using the Spearman cor-
relation test. The level of significance was set at 0.05. The
statistical analysis was performed by using IBM SPSS (ver-
sion 20, IBM Corp, Armonk, NY) statistical software.

Results

A total of 556 single crowns were installed in 261 patients
(146 women and 115 men). Of these, 324 tooth-supported
single crowns in 139 patients (81 women and 58 men, mean
age of 4614 years), and 232 implant-supported single
crowns were installed in 122 patients (65 women and 57
men, mean age of 50413 years). For tooth-supported crowns,
there were an average 2.4 crowns cemented per patient (max-
imum of 17 in a 58-year-old patient) and for implant-
supported crowns, there were an average 1.8 crowns cemented
per patient (maximum of 8 in a 66-year-old patient). The dis-
tribution of restored teeth and location of implants are present-
ed in Table 2. There was no information on five patients (2 %
drop-out) with 5 crowns (1 implant-supported crown, and 4
tooth-supported crowns) because they did not come back to
the clinic after the insertion of the crowns. The mean obser-
vation times were 60.70 months for the tooth-supported and
59.20 months for the implant-supported single crowns (range
36-84 months).

Among the participants, 4.6 % was heavy smokers; 98.3 %
of the implant-supported and 95.7 % of tooth-supported

Table 4 Modified California Dental Association rating, number, and percentage (in parenthesis) of the cases in each studied group

Not acceptable (delta) Significance® (P value)

Not acceptable (charlie)

Acceptable (bravo)

Excellent (alpha)

Studied feature

Tooth-supported Implant-supported Tooth-supported Implant-supported Tooth-supported Implant-supported Tooth-supported Implant-supported

Restoration type

0.33
0.06

32 (13.9)
38 (16.5)
3(1.3)

199 (86.1) 21 (6.6)
26 (8.1)

299 (93.4)

Shade match

193 (83.5)
228 (98.7)
212 (91.8)
228 (98.7)
231 (100)
231 (100)

294 (91.9)

Surface texture

<0.001
0.50

42 (13.1)

278 (86.9)

Marginal gap

17 (7.3) 1(0.3) 2(0.9)

3(1.3)

25 (7.8)

294 (91.9)

Fracture

<0.001

20 (6.3)
0

Loss of retention 300 (93.7)

320 (100)

‘Wear

0.12

4(13)

316 (98.7)
320 (100)

Antagonist wear

Recurrent carries

#The CDA score comparison between tooth- and implant-supported restorations was performed using log-rank test
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patients did not have pain in temporomandibular joints and
15.7 % of patients had nocturnal bruxism.

Table 3 presents all failures occurred during the observation
time. During the follow-up period no core material fracture
was occurred. Nineteen veneer material fractures (8.2 %) in
implant-supported group (12 in molar, 7 in anterior teeth)
and 26 veneer fractures (8.1 %) in tooth-supported group (14
in molar, 2 in premolar, and 10 in anterior teeth) were recorded.
Among these veneer fractures 17 implant- supported crowns
and 25 tooth-supported crowns were not considered failed and
after polishing, the chippings were not considered to interfere
with function and esthetics. The major porcelain chipping in 2
implant-supported and 1 tooth-supported crown were consid-
ered failed and the crowns were remade. There was no signif-
icant difference between the two groups regarding to fracture
(x*=0.55, P=0.46) (Table 4). The GEE model estimated that
the risk of chipping was not significantly different in the
implant- and tooth-supported groups (Exp (B)=0.32, P=
0.55) that supported the result of the log-rank test. Figure 1
shows the cumulative fracture rate of studied single crowns
according Kaplan—Meier survival probability including minor
and major fractures (Kaplan—Meier fracture free probability of
91.0 % (95 % C1, 87.7-94.3 %) and 91.4 % (95 % CI, 86.9—-
95.9 %) for tooth- and implant-supported single crowns, respec-
tively). The rate of porcelain chipping was significantly higher
in patients with bruxism (y*=27.94, P<0.001, hazard ratio
(HR)=4.50, 95 % CI, 2.44-8.29). The veneer chipping was
significantly less in premolars than in molar and anterior crowns
(x*=10.56, P=0.004, HR=0.18, 95 % CI, 0.05-0.58).

Five abutment teeth were extracted (1.6 %; 3 root fractures,
1 endodontic, and 1 periodontal problems) and 20 (6.3 %)
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crowns were deboned which all of them could be recemented.
No secondary caries of the natural abutment teeth was record-
ed. In total, 6 tooth-supported restorations (1.9 %; in 6 pa-
tients) were recorded as failures: 5 abutment teeth were ex-
tracted and 1 veneer fractured. One implant failure was record-
ed due to loss of osseointegration. In total, 3 implant-
supported restorations (1.3 %; in 3 patients) were recorded
as failures: 1 implant failure and 2 veneer fracture.

The restorations were occluded against natural teeth
(53.7 % in tooth-supported and 43.8 in implant-supported
crowns), fixed dental prosthesis (44.9 % in tooth-supported
and 51.6 % in implant-supported crowns), or removable pros-
thesis (1.4 % in tooth-supported and 4.6 % in implant-
supported crowns). In tooth-supported group, the type of an-
tagonist had no significant effect on failure (x*=0.30, P=
0.58, HR=1.07 (95 % CI, 0.85-1.34) and fracture (x*=2.05,
P=0.15, HR=1.19 (95 % CI, 0.94-1.52). In implant-
supported group, the failure and fracture were also not affected
by the type of antagonist (y*=2.32, P=0.13, HR=0.81 (95 %
CI, 0.62-1.06) and x*=2.86, P=0.09, HR=0.79 (95 % ClI,
0.60-1.04), respectively).

Table 4 demonstrates the CDA scores and comparison of
tooth- and implant-supported restorations.

Table 5 presents the soft tissue status of the studied
zirconia-based crowns. No significant differences were found
concerning plaque index, gingival index (Wilcoxon signed-
rank test for paired samples; P=0.07 and P=0.06), and bleed-
ing on probing (McNemar’s test; P=0.07), between abutment
teeth/implant and the control teeth. There were no significant
differences in PI and GI of the two groups (Mann—Whitney U
test; P=0.64 and P=0.95).
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Table 5  Gingival index (GI), plaque index (PI), and bleeding on probing (BOP) scores of studied groups (numbers and percentage in parenthesis)

Plaque index Gingival index BOP

0 1 2 3 0 1 2 3 Negative Positive
Tooth-supported 240 (75.0) 51(15.9) 29 (9.1) 233 (72.8) 36 (11.3) 51(15.9) 235 (73.4) 85 (26.6)
Implant-supported 177 (76.6) 39 (16.9) 15 (6.5) 164 (71.0) 39 (16.9) 28 (12.1) 171 (74.0) 60 (26.0)
Total 417 (75.7) 90 (16.3) 44 (8.0) 0 397 (72.1) 75 (13.6) 79 (14.3) 0 406 (73.7) 145 (26.3)

Probing pocket depth was 1 to 3 mm in 318 (99.4 %) of
tooth-supported group and 217 (93.9 %) of implant-supported
group. Two teeth and 14 implants had more than 4-mm
pockets (Table 6). There were significant differences in pocket
depth between implant- and tooth-supported crowns (Mann—
Whitney U test; P<0.001). The radiographic evidences of
bone loss were not observed in the studied patients.

The patient and clinician satisfaction in both tooth-
supported and implant-supported groups regarding chewing
comfort, color, esthetics, and general satisfaction were high.
Spearman correlation test showed a strong relation between
patient’s and clinician’s satisfaction in both tooth-supported
and implant-supported groups regarding general satisfaction
(r=0.66, P<0.001) (Table 7).

According to Kaplan—Meier analysis, the 5-year survival
rate of tooth- and implant-supported crowns were 97.3 (95 %
CL 94.9-99.6) and 98.3 (95 % CI, 98.3-99.5) respectively
(x*=0.19, P=0.66, GEE model estimate: Exp (B)=0.41,
P=0.58) (Fig. 2).

Discussion

The hypothesis of the study for some of the CDA rating
criteria was rejected. But the present study could not prove
significant difference in failure between tooth- and implant-
supported zirconia-based single crowns (x*=0.19, P=0.66).
There are few studies about the clinical outcomes of zirconia-
based single crowns [8—13, 16, 19, 20, 23]. In the present
study, 556 zirconia-based crowns supported either by teeth
or implants were assessed in a 3- to 7-year follow-up. During
the follow-up, only 2 % of the restorations have been regis-
tered as drop-out. The 5-year survival rate of tooth- and
implant-supported crowns were 97.3 and 98.3, respectively.
The 5-year cumulative survival rate of 95.9 % for tooth-
supported and 97.1 % for implant-supported zirconia crowns
were calculated in Larsson and Wennerberg [19] systematic
review. The 3-year cumulative survival rate of 95.9 % was
reported by Takeichi et al. [20] for zirconia single crowns.
However, Ortorp et al. [8] suggested 88.8 % and Vigolo and
Mutinelli [23] reported 79 and 85 % cumulative survival rate
for two types of tooth-supported zirconia crowns after a 5-year
of follow-up. The survival was estimated at 98 % over

24 months by Groten and Huttig [30]. Rinke and coworkers
[31] found 100 % survival rate for Cercon single crowns with
a prolonged cooling period of the veneering porcelain. In a 1-
year randomized clinical trial (RCT) study, the survival rate of
the zirconia-based and metal-ceramic single implant-
supported crowns were 97.8 and 97.1 %, respectively [12].
Zembic et al. [13] reported 88.9 % survival rate for implant-
supported all-ceramic single crowns with zirconia abutments.
Salinas and Eckert [32] found survival rate of 91.2 % (CI
86.6-94.2 %) for all-ceramic implant-supported single
crowns. The different results may be explained by different
materials and follow-up time.

In regard to technical complications, no core material
was fractured. This is in line with previous studies [8,
10-12, 30]. But, Cehreli et al.[9] reported one restoration
with fracture in both core and veneering porcelain in a
patient with severe nocturnal bruxism. Forty five (8.1 %)
out of 556 crowns had chipping of veneering porcelain in
which 3 (0.5 %) of them were major and needed replace-
ment and 42 (7.6 %) were minor and polished. There was
no significant difference between tooth- and implant-
supported crowns regarding porcelain chipping (x*=0.55,
P=0.46). This is in contrast to previous studies that found
implant-supported restorations have more technical com-
plications and veneering material fracture [8, 33]. This
can be explained by difference in resiliency of periodontal
ligament of natural teeth and osseointegrated implant and
limited proprioception of implants [19]. Zirconia-based
implant-supported fixed partial dentures had significantly
higher frequency of veneering material fractures than
tooth-supported restorations [21, 34]. This was not con-
firmed in the present study. The reason is probably due to

Table 6 Probing pocket depth (PPD) of studied single crowns
(numbers and percentage in parenthesis)

PPD mm Tooth-supported Implant-supported
1 2 (0.6) 35(15.5)

2 288 (90) 132 (56.9)

3 28 (8.8) 50 (21.6)

4 and more 2 (0.6) 14 (6)
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Table 7 Mean percentage and standard deviation of patient and clinician satisfaction at 7-year follow-up

Chewing comfort Color Esthetics General satisfaction
Patient satisfaction Tooth-supported 922+59 92.2+6.3 923459 91.9+46.1
Implant-supported 92.5+7.8 93.25+5.2 93.3+5.2 93.2+5.2
Clinician satisfaction Tooth-supported - - - 91.3£3.5
Implant-supported - - - 92.2+3.8

less complicated design, load, and strains of single-tooth
restoration compare with fixed partial dentures [19].

The rate of porcelain chipping was significantly higher in
patients with bruxism (x*=27.94, P<0.001). The veneer
chipping was also significantly less in premolars than in molar
and anterior crowns (x*=10.56, P=0.004). This can be the
result of more occlusal force in molars and less favorable force
direction in anterior teeth. Ortorp et al. [8] reported 6 veneer
fractures of 143 zirconia crowns and Beuer et al. [10] sug-
gested no fracture in 50 single crowns after a 3-year follow-
up. In a 3-year prospective study comparing zirconia versus
metal—ceramic implant-supported single crowns, chipping of
veneering porcelain was recorded at one metal—ceramic (out
of'46) and one all-ceramic crown (out of 52) [12]. Groten and
Huttig [30] reported 2 ceramic veneering material chippings
of 54 single crowns after 28 months which needed replace-
ment. Nothdurft and Pospiech [35] showed 10 % and Schwarz
etal. [36] reported 24.5 % porcelain chipping in Cercon single
crowns on implant abutments. In the study conducted by
Schwarz et al. [36], 11.3 % of fractures led to failure. Vigolo
and Mutinelli [23] concluded that even if there was no signif-
icant difference between clinical outcomes of posterior metal—

ceramic and zirconia crowns, the zirconia ceramic FDP
groups tended to have more frequent extended fracture of
the veneering ceramic. In the systematic review by Larsson
and Wennerberg [19], 26 out of 615 single zirconia crowns
(4.2 %) on teeth or implants showed veneer fracture. Although
a large number of chip fractures can be simply polished,
chipping fractures is disappointing to both the clinician and
patient, and sometimes the replacement of restorations was
required because of major chipping [8, 17]. There are several
suggested reasons for chipping of zirconia veneering material
including: mismatch of coefficient thermal expansion of zir-
conia and veneering material, improper support by zirconia
framework, and low thermal conductivity of zirconia [25]. In
the current study, most of the frameworks were designed to
provide appropriate support for the veneering material and the
manufacturer recommended ceramic (Cercon Ceram Kiss,
DeguDent) was used for veneering. In addition, reduced
cooling rate after the final firing or glazing procedure can
reduce the risk of veneer chipping. [25] The veneering ce-
ramics, zirconia framework material and design, and fabrica-
tion techniques were different in each study and might affect
the result of clinical studies [20]. Improvements in porcelain
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materials and technology can resolve this problem and en-
hance the bond strength between the porcelain and a zirconia
framework [37].

In the present study, 6.3 % of tooth-supported and
1.3 % of implant-supported single crowns were deboned
which all of them were recemented. In the Ortorp’s et al.
study [8], 12 tooth-supported zirconia crowns (7 %) lost
retention in which 8 of them could be recemented. Similar
results have been reported by Schwarz et al. [36] in
implant-supported Cercon crowns (7.5 % of debonding).
Larsson et al. [19] reported 2 % of loss of retention
among tooth-supported crowns. The relatively high rate
of debonding in tooth-supported single crowns in present
study could probably be related to taper of preparation,
and short abutments. It has been shown that using resin-
based luting agents and surface treatments of abutment
and intaglio surface of restorations can increase the reten-
tion of implant-supported copings [38—40]. The implant
abutment with less taper can be the reason for less
debonding of implant-supported crowns in spite of tem-
porary cementation.

The marginal accuracy was considered excellent in 98.7 %
of implant-supported and 86.9 % of tooth-supported and con-
sidered acceptable in 1.3 % of implant-supported and 13.1 %
of tooth-supported crowns. In the study by Cehreli et al. [9],
80 % of the single crowns had excellent marginal fit, while
13 % of the crowns were acceptable and 6 % scored not
acceptable. Hosseini et al. [12] found no marginal misfit in
zirconia single implant-supported crowns after 3 years. The
different results of the studies can be explained by different
manufacturers and fabrication techniques. The significantly
better margins of implant-supported single crowns in this
study can be the result of prefabricated margins of the implant
analogs which can be distinguished easily.

There was no secondary caries in tooth-supported crowns.
It was reported in a systematic review that the annual rate of
secondary caries in all-ceramic and metal-ceramic crowns
were 0.37 and 0.64 %, respectively [41].

During the follow-up period, the color and surface texture
were rated excellent in most of the tooth-supported and
implant-supported single crowns (Table 4).

In regard to soft tissue status, the results of present study
showed that 27.9 % of patients had mild to moderate inflam-
mation (GI 1 and 2) and 24.3 % have PI scores of 1 and 2
(Table 5). On the other hand, 26.3 % of them have positive
BOP. These findings showed that oral hygiene of the partici-
pants should be improved. High plaque and gingival indices
and pocket depth may be lead to peri-implantitis in the future.
The periodontal parameters of the crowned teeth/implants and
control teeth were not significantly different. These results
were in agreement with the previous studies on zirconia res-
torations, indicating good biologic reactions between the peri-
odontal tissues and zirconia [18, 42—44].

The professional’s and patient’s satisfaction with the zirco-
nia single crowns was generally high, which was consistent
with the previous studies [45].

One of the limitations of present study was the high range
of observation period (36—84 months) and examinations were
not performed for all of the single crowns after 7 years. The
Kaplan—Meier statistical analysis of survival and log-rank test
were used to compensate this limitation. Another limitation
was the retrospective nature of the current study. On the other
hand, the results of this study were obtained from one practi-
tioner in a private clinic and cannot be generalized.

Conclusion

Within the limitations of this study, it can be concluded that
zirconia- based single crowns supported either by tooth or
implant revealed favorable clinical survival rates (5-year
Kaplan—Meier survival rates of 97.3 and 98.3 %, respectively)
and this treatment modality is a promising prosthodontic
management.
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